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INTRODUCTION 

Stopping powers and ranges have played a crucial 
role in many aspects of heavy-ion physics. Requirements 
in nuclear, atomic, and solid-state physics and in applied 
areas involving particle-solid interactions have fostered 
ongoing revisions and new calculations of these quantities. 
Due to the complexity of the atomic structures of both 
projectile and target, the various studies have all had to 
adopt some approximations in order to simplify the cal- 
culations and/or to rely on a semiphenomenological 
treatment. Also, they must be based on experimental data 
as available. 

In the 2-10 MeV/u energy range, the comparison 
between experimental stopping powers and calculations 
such as those tabulated by Northcliffe and Schilling’ or 
the more recently published curves of Ziegleti has shown 
significant discrepancies, particularly for light stopping 
media and heavy projectiles. 3-7 In this energy domain the 
best agreement is generally obtained with the tables of 
Hubert et al.,’ who proposed a new parameterization of 
the effective charge for heavy ions. With the new gener- 
ation of accelerators, the energy domain from 20 to 100 
MeV/u has been increasingly explored?-’ ’ In this energy 
range, the tabulations of Hubert et al. show reasonable 
agreement with most of the data but tend to overestimate 
the stopping powers in light stopping media by lo%- 15%. 
This is explained by their use of too crude an approxi- 
mation for extrapolating the variation of the effective 
charge parameter with energy well above 10 MeV/u. Here, 

2 

a better agreement is obtained with the values from Zie- 
gler.* 

On the basis of the considerable body of heavy-ion 
data now available between 3 and 90 MeV/u, the pro- 
cedure of Hubert et al. for calculating stopping powers of 
solids has been revised. A new semiempirical formula for 
the heavy-ion effective charge has been derived from a set 
of about 600 experimental data points. These data cover 
projectiles from I60 to 238U and targets from Be to U in 
an energy range from 3 to 90 MeV/u. The effective charge 
parameterization formulae were derived in Ref. 12. Note 
that in order to take into account the systematic difference 
observed between gas and solid stopping powers for heavy 
ions,13-” it appears necessary to treat gases and solids sep- 
arately. The present work is limited to solid media. 

Generation of Electronic Stopping-Power Tables 

Following the’ same principles as those in Ref. 8, 
the stopping power S for a given combination of stopping 
medium and heavy-ion species and velocity is calculated 
by means of the well-known scaling law 

S/(-f& )* = &f/ZFef (1) 

in which yZ, is the heavy-ion effective charge ( Z1 being 
its atomic number) and ,!& is the stopping power of the 
same medium for a reference ion of the same velocity 
and of effective charge Zref. The tabulation is then gen- 
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erated based on the arguments of the effective charge pa- 
rameter y (2,) E/A, 2,). The variation with velocity is 
introduced through the E/A dependence, E being the in- 
cident energy and A the heavy-ion mass. The original as- 
pect of this parameterization is that, as in Ref. 8, it includes 
a dependence on Z,, the target atomic number, which is 
generally neglected. ‘3’ This dependence is necessary in or- 
der to be able to reproduce the whole set of experimental 
stopping powers. 

The effective charge parameterization is expressed 
by 

y = 1 - x,exp(-xz(E/APZ?), (2) 

where (E/A) is the energy per nucleon in MeV/u. For all 
stopping media except Be and C, the parameters xl to x4 
are given” by 

xl = D + B exp[-CZI] (3) 

x2 = 8.144 + 0.09876 In Z2 (4) 

x3 = 0.3140 + 0.01072 In Z2 (5) 

x4 = 0.5218 + 0.02521 In Z2 (6) 

B = 1.658 (7) 

c = 0.05170 (8) 

D = 1.164 + 0.2319 exp(-0.004302Z2). (9) 

For Be and C, the parameters used (which lead to a better 
fit with experiment than the general formulae (3)-(9)) are 
given in Table A. 

These effective charge parameterization formulae, 
which were derived in Ref. 12, have been obtained using 
Eq. (1) together with (Y particles as reference ions. For E/ 
A 2 2.5 MeV/u these helium ions are completely stripped, 
and fitted formulae for calculating their stopping powers 

are available for all elements.16 However, these fitted for- 
mulae are strictly valid up to 75 MeV/u only. Above this 
energy the most recent stopping powers which can be used 
as reference values in Eq. (1) are those tabulated by Janni 
for protons.” As a matter of fact the proton stopping- 
power values of Ref. 17 scale very well to the LY stopping 
powers for all stopping media up to about 200 MeV/u. 
Thus, to the extent that Eq. (1) is valid, the fitted formula 
from ZieglerI can be used in this energy domain. 

At higher energy, increasing deviations, which may 
reach 8% at 500 MeV/u, are observed between the ex- 
trapolation of the fitted formula’6 and values scaled from 
Janni. To take this into account (i.e., to adopt the proton 
values as references) without modifying the general 
method adopted for the tabulation, the Ziegler formulae 
have been corrected for each medium beyond 150 
MeV/u so that the resulting (Y stopping powers agree 
within 0.5% with a Z2 scaling applied to the Janni values. 

The low-energy limit of the present tabulation is 
set at 2.5 MeV/u so that: 

(i) helium ions (Z,r = 2) are fully stripped 
(ii) nuclear stopping can be neglected 
(iii) low-energy effects such as Z1 and Z2 oscillations 

are much reduced. 

Note, however, that for the heaviest ions (U), Z2 oscil- 
lations can be observed up to 4 MeV/u.’ For such ions, 
the tabulation might be less accurate at low energies. 

At the high-energy end, the tables have been ex- 
tended to 500 MeV/u although the experimental data used 
in this work as a basis only cover the energy range 3-90 
MeV/u. Above 100 MeV/u there exist only very few stop- 
ping-power and range measurements. The present ex- 
trapolation into the high-energy domain is in response to 
the great need for such estimates in the development of 
heavy-ion physics experiments at new accelerator facilities. 
Concerning the effective charge parameterization (Eqs. 

TABLE A 

Effective Charge Parameter Values for the Stopping Media Be and C 
as Derived from Fitting Procedure Using Eqs. (2) and (3) 

Stopping 
medium 

XI 

D B c x2 x3 X4 

Be 2.045 2.000 0.04369 7.000 0.2643 0.4171 
C 2.584 1.910 0.03958 6.933 0.2433 0.3969 

Note. The values given here for Be are slightly different from those given in Ref. 12 due to the addition 
of new experimental data in the present fit. 

3 Atomic Data and Nuclear Data Tables. Vol. 46. No. 1, Septembet 1990 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

(2X9)), the extrapolation should not lead to serious errors 
because the variability of effective charges versus incident 
energy is limited due to the existence of the y = 1 high- 
energy asymptote (fully stripped ions). Larger uncertain- 
ties could be associated with deviations from the 2* scaling 
law (Rq. (1)) arising from correction terms in the energy- 
loss expressions. Ahlen’* has given an extensive review of 
stopping-power theory with special emphasis on the 
higher-order 2 corrections. For relativistic heavy ions it 
has been observed. 19-*’ that the measured ranges are 
shorter than those predicted by the standard Bethe stop- 
ping theory. However, such effects should remain rela- 
tively small at the energies considered here, and the as- 
sociated uncertainty in the stopping powers should not 
exceed 10% at 500 MeV/u. 

Generation of Range Tables 

The range values in this tabulation actually are in- 
tegrated path lengths. They are related to the stopping 
power by the relation 

s 

& 
Jwo) = S-‘dE. (10) 

0 

A simple integration should therefore yield the range. 
However, since the proposed analytical formulae used 
to derive the stopping power are valid only above 2.5 
MeV/u, the range was expressed as the sum of two terms: 

R(Eo) = R(2.5) + l; S-‘dE. (11) 

Ref. 1 have been obtained through a cubic spline inter- 
polation procedure. 

As a matter of fact at incident energies well above 
the stopping-power maximum, the range is mainly de- 
termined by collisions occurring in the high-energy region 
of the ion’s trajectories for which the stopping power is 
smaller. For example, a 50 MeV/u incident 40Ar ion de- 
rives about 98% of its total path length in Al from colli- 
sions occurring before it slows down to 2.5 MeV/u. 
Therefore, even a significant error in the value R( 2.5) 
should result in a negligible error in the range of 50 
MeV/u ions. Furthermore, if only energy losses ( AE) in 
detectors, windows, or targets are needed, the uncertainties 
in these R( 2.5) values should be ignored since AE is then 
calculated from range differences. 

Comparison of the Calculated Values with 
Experimental Data 

A suitable means of estimating the accuracy of the 
present computed heavy-ion stopping powers is a com- 
parison with available experimental data. 

In the 3-90 MeV/u energy range, comparisons of 
the calculated stopping powers with measurements are 
presented for 0, Ar, Kr, and Xe, in Figs. 1-4, respectively. 
For each ion, we have selected the stopping media for 
which the experimentally explored energy domain is the 
broadest. It can be seen that the experimental points fall 
near the calculated curves with deviations typically less 
than 5%. However, some experimental data present a dis- 

The last term is calculated by numerical integration of 
the reciprocal of the stopping power (Eqs. (l)-(9)); the 
first term represents the range for 2.5 MeV/u and must 
be established separately. Since there exist only a few ex- 
perimental determinations of ranges in the relevant energy 
region, one must rely on calculated range values. The 
Northcliffe and Schilling tables’ give the ranges in the 
spirit of Eq. (lo), including the nuclear stopping power 
in the low-energy region. The range values for 2.5 
MeV/u tabulated in Ref. 8 were taken from this table. 
The more recent handbook of range distributions by Litt- 
mark and Ziegleti’ is intended for the calculation of the 
true mean range (mean depth of penetration) which, due 
to multiple scattering, is somewhat shorter than the in- 
tegrated path length. The calculations in Ref. 22 rely to 
a large extent on methods developed for calculating ion 
range distributions at relatively low energies. The accuracy 
of the calculated range values, above the energy region 
where the stopping power is maximum, is difficult to es- 
timate (as suggested in Ref. 23) since they cannot be jus- 
tified by experimental results. Hence, the values R(2.5) 
in Eq. (11) were taken from the Northcliffe and &hilling 
tables.’ Values for media other than those presented in 

stopping powers of 0 ions 
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Figure 1. Comparisons of experimental stopping powers for 0 ions with 
the tabulated values (dotted lines). When not shown, the error bars 
are comparable to the size of the symbols. Data points are from 
Refs. 3, 10. 
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Stopping powers of Ar ions stopping powers of Xe ions 
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Figure 2. Same as Fig. 1 for Ar ions. Data points are from Refs. 3, 9. 
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Figure 4. Same as Fig. 1 for Xe ions. Data points are from Refs. 4, 11. 

crepancy in the 5%- 10% range, in particular for the stop- 
ping medium C. This can be largely accounted for by 
such experimental effects as nonuniformity of the target 
thicknesses. An example of the agreement achieved be- 
tween calculation and experiment for the heaviest ions 
Pb and U is given in Fig. 5. The calculated values are 
within the experimental error bars in most of the cases, 
except for the Ti and Zr stopping media where, at 10 

MeV/u, the experimental values are 11% higher than the 
calculated values. For these latter cases, clearly the cal- 
culations do not reproduce the positions of the observed 
maxima in the stopping powers. As already noted, this 
may be due to the fact that maxima near Z, - 22 and 

Stopping powers of U and Pb ions 

Stopping powers of Kr ions 
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Figure 3. Same as Fig. 1 for Rr ions. Data points are from Refs. 3, 4, 
6, 11. 

Figure 5. Comparisons of the stopping powers measured in C, Ti, Zr, 
and Au for the heavy ions Pb and U with the tabulated values. 
Closed symbols (data points from Ref. 4) and dashed lines are for 
Pb ions. Open symbols (data points from Refs. 4,7,12) and dotted 
lines are for U ions. 
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40 actually exist in the Zz oscillation of stopping pow- 
ers’ at low energies, whereas a smooth dependence of S 
on Z2 is obtained by the scaling procedure of Eqs. 
(1)-w. 

A comparison of experimental stopping-power val- 
ues. for Au ions in Au medium from Ref. 25 with the 
present calculation is given in Fig. 6. These experimental 
results are particularly pertinent in view of the fact that 
they provide some data for a very heavy ion toward 150 
MeV/u which have not been included in our database. It 
is reasonable to assume that under such conditions the 
comparison will give a realistic estimation of the accuracy 
of the calculation in an unfavorable case (very heavy pro- 
jectile). From Fig. 6 one can see that the experimental 
and calculated values agree to within about 6%, the cal- 
culated values being slightly lower than the experimental 
values in most of the cases. 

Recently, a few stopping powers have been mea- 
sured with stable and radioactive beams in the 100-400 
MeV/u energy range. 26 The measured energy losses for an 
- 150 MeV/u 15N beam in C and - 130 MeV/u 8,9,’ ‘Li 
beams in Al agree within 0.5% with the present calcula- 
tions. For a 400 MeV/u 40Ar beam in C and a 300 
MeV/u %P beam in Al, the calculated energy losses are 
lower than the experimental values by 3% and 22, re- 
spectively. 

From these few comparisons above 100 MeV/u, it 
seems that the calculated values are in fair agreement 
(- 5% or better) with experimental data. 

Stopping powers of Au ions in Au 

0 20 LO 60 80 100 I20 110 160 180 200 
E/A lMeV/u) 

Figure 6. Comparisons of experimental stopping powers for Au ions in 
Au stopping medium with the tabulated valueS (dotted lines). Data 
points am read off Fig. 8 of Ref. 25. Except when shown the standard 
deviation of the data are comparable to the size of the symbols. 

6 

Associated Computer Files 

Computer-readable files of the tables presented are 
available on line and may be obtained from HUBERTF 
AT FRCPN 11 .BITNET. 

The computer programs for calculating the stopping 
powers and the ranges may also be obtained from HU- 
BERTF AT FRCPN 11 .BITNET. 
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EXPLANATION OF TABLE 

TABLE I. Stopping Power and Range for Heavy Ions 

E/A Energy of the incident ion per mass unit in MeV/nucleon 

Electronic stopping powers and ranges are tabulated for ions of atomic 
number 2 d Zr < 103 in the energy region 2.5 G E/A =S 500 MeV/u for 36 
did ma~txials We, 6C, IZMJ.G 141, di 20, 22% 2&r, 2&, 2&i, 2&h 
32% ufk 38% dr, 42MO, 4&h 47Ag, so% 52R s&a, 57h d+, 62% 

60% 67HO, 69Tm, 71Lu, 73% 7&e, d’, 79Au, d% 83Bi, NTh, dJ). For b 

given &ION, electronic stopping powers in units of MeV/(mg/cm’) are given 
on the left page, and ranges in units of mg/cm2 are given on the right page. 
For each ion the tabulation applies to the most abundant isotope and for each 
stopping medium to the natural isotopic composition. The tabulated stopping- 
power values for (Y particles have been calculated up to 150 MeV/u with the 
fitting formula given in Ref. 16. For higher energies, this formula has been 
modified in order to scale to the stopping-power values for protons tabulated 
in Ref. 17. The fitted values for (Y particles are given on the first page of 
Table I. 

USE OF TABLE 

Conversion for Different Isotopes of the Projectile 

The tabulated stopping powers for a given $ON are valid for all ions 
having the same Zr values. The tabulated ranges are valid only for the A and 
Z, values specified. Conversions of the range tables for ions of the same ZI 
but different mass number A’ are obtained by multiplying the tabulated range 
value by the atomic mass ratio, Al/A. Thus, 

S(A,;ION) = S($,ION) 

R($ON) = R($ON) X Al/A. 

Conversion for Diierent Isotopic Compositions of the Medium 

For a given atomic number of the medium Z2, the stopping-power and 
range tables are valid only for the average atomic mass (44) corresponding 
to the natural abundance of this medium. For a different isotopic composition 
(M’) stopping powers are obtained by multiplying the tabulated values by 
the ratio (M)/( M’) and ranges are obtained by dividing the tabulated values 
by the same ratio: 

S($~‘)medium) = S($Qmedium) X (M)/( M’) 

R( $y’)medium) = R( $~)medium) X (M’)/(M). 

Conversion to Other Units 

Table B gives the multiplication factor for converting the units of range 
from mg/cm2 to Mm and 10” atoms/cm2 and the units of stopmng power 
from MeV/(mg/cm2) to MeV/pm and MeV/( 10” atoms/cm2). 

Interpolation to Other Target Medii 

Values for target elements not listed here can best be obtained by in- 
terpolation in Z2 using ranges in units of 102’ atoms/cm2 and stopping powers 
in units of MeV/( 10” atoms/cm2). 
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TABLE B 

Atomic Weights, Densities and Multiplication Factors for Converting Tabulated Ranges and Stopping Powers to Different Depth Units 

Atomic” Density ’ 
weight P 

(Ml (p/cm’) 

Factor for conversion Factor for conversion 
of range to of stopping power to 

4fJe 

6c 

,zMg 

13.41 

,4Si 

2&a 

22Ti 

24Cr 

2& 

28Ni 

29cu 

3ZGe 

34% 

,Sr 

402r 

42MD 

4m 

a& 

5Sn 

de 

56Ba 

57h 

59Pr 

62Sm 

&d 

67HD 

69Tm 

71Lu 

7Ja 

,5Re 

77Ir 

79Au 

apb 

83Bi 

wTh 

92u 

9.012 1.848 5.411 0.6682 0.1848 1.497 
12.01 2.267 4.411 0.5014 0.2267 1.994 
24.31 1.738 5.754 0.2477 0.1738 4.037 
26.98 2.699 3.705 0.2232 0.2699 4.480 
28.09 2.330 4.292 0.2144 0.2330 4.665 
40.08 1.550 6.452 0.1502 0.1550 6.656 
47.88 4.540 2.203 0.1258 0.4540 7.95 1 
52.00 7.190 1.391 0.1158 0.7190 8.635 
55.85 7.874 1.270 0.1078 0.7874 9.274 
58.69 8.902 1.123 0.1026 0.8902 9.746 
63.55 8.960 1.116 0.09476 0.8960 10.55 
72.59 5.323 1.879 0.08296 0.5323 12.05 
78.96 4.790 2.088 0.07627 0.4790 13.11 
87.62 2.540 3.937 0.06873 0.2540 14.55 
91.22 6.506 1.537 0.06602 0.6506 15.15 
95.94 10.22 0.9785 0.06277 1.022 15.93 

102.9 12.41 0.8058 0.05852 1.241 17.09 
107.9 10.50 0.9524 0.05581 1.050 17.92 
118.7 7.283 1.373 0.05073 0.7283 19.71 
127.6 6.240 1.603 0.04719 0.6240 21.19 
137.3 3.500 2.857 0.04386 0.3500 22.80 
138.9 6.175 1.619 0.04335 0.6175 23.07 
140.9 6.773 1.476 0.04274 0.6773 23.40 
150.4 7.520 1.330 0.04004 0.7520 24.98 
157.2 7.900 I .266 0.0383 1 0.7900 26.10 
164.9 8.795 1.137 0.03652 0.8795 27.38 
168.9 9.321 1.074 0.03565 0.9321 28.05 
175.0 9.840 1.016 0.03441 0.9840 29.06 
180.9 16.65 0.6006 0.03329 1.665 30.04 
186.2 21.02 0.4757 0.03234 2.102 30.92 
192.2 22.42 0.4460 0.03133 2.242 31.92 
197.0 19.30 0.5181 0.03057 1.930 32.71 
207.2 11.35 0.8811 0.02906 1.135 34.41 
209.0 9.747 1.026 0.0288 1 0.9747 34.7 1 
232.0 11.72 0.8532 0.02596 1.172 38.53 
238.0 18.95 0.5277 0.02530 1.895 39.52 

1 p atoms/cm2 MeV/pm MeV/( 1 020 atoms/cm2) 
(=6.022/(M)) (=P/lo) (=( M&6.022) 

Note. The density values may depend on the physical state of the material. 
a R. C. Weast (Ed.), CRC Handbook of Chemistry and Physics (CRC Press, Boca Raton, FL, 1986-1987), 67th ed., BS-B43. 

9 Atomic Data and Nudear Data Tables. Vd. 46. NO. 1, September 1990 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

u.6c7M6IC SrOPPIBO mum I6 UlITS OF nffv/mmq a0 
4 

m 103s 
2 

uA = 2 1211D 13= llsl ma 22 well 2am 28'I 2sw 320g 2 2 4oA mm 4Su1 4" 4 
.I..*.*+...+......*..**.~..*~.~..*.*......**.~..*..*~.**.**..~.*......~.**~**.*~.*~~**..~*~*.....*....~*.***.....*......~~~...*****. 

2.6 0.4474 0.4776 0.3917 O.W?S 0.3888 0.3880 0.3109 0.5086 0.3022 0.1073 0.2799 0.2881 0.2548 0.2602 0.2487 0.24W 0.2176 0.2274 
3.0 0.3#1 0.4177 0.3452 0.3931 0.3411 0.3230 0.2535 0.274Q 0.2888 0.2861 0.2497 0.2377 0.2278 0.2239 0.2227 0.2169 0.1971 0.2043 
3.6 0.3474 0.3722 0.3QM 0.3@87 0.3000 0.1903 0.2663 0.2471 0.2427 0.2395 0.2201 0.2164 0.2W7 0.2033 0.2022 0.1963 0.1807 0.1869 
4.0 0.3136 0.3394 0.2810 0.2713 0.2781 0.2847 0.2318 0.2258 0.2217 0.2196 0.2070 0.1973 0.1898 0.1888 Q.1868 0.1803 0.1871 0.1710 
4.6 0.289Q 0.3073 0.2677 0.2489 0.1663 0.2433 0.2143 0.1079 O.lMS Q.2027 0.1912 0.1824 0.1766 0.1727 0.1719 0.1871 0.1667 0.1688 

6.0 0.1834 0.2833 0.2384 0.2303 0.2tW3 0.2266 0.1988 0.1930 0.1900 0.1889 0.1780 0.1890 0.1836 0.1810 0.1802 0.166D 0.1480 0.1481 
6.6 0.2443 0.2830 0.1110 0.2146 0.2202 0.2103 0.1868 0.1803 0.1778 0.1706 0.1-8 0.1600 0.1632 0.1609 0.1602 0.1483 0.1376 0.1391 
8.0 0.1260 0.2460 0.1079 O.lOO# 0.2O63 0.1972 Q.1742 0.1864 0.1069 0.1840 0.1667 0.1497 0.1443 0.1422 0.1418 0.1379 0.1302 0.1312 
8.6 O.ll38 0.23Q8 0.1057 0.1891 0.1942 0.1868 0.1643 0.1669 Q.1676 0.1683 Q.1481 0.1416 0.1386 0.1346 0.1340 0.13W 0.1230 0.1143 
7.0 0.2016 0.2174 0.1549 0.1787 0.1838 0.1768 0.1666 0.1614 0.1493 0.1455 0.14Q6 0.1343 0.1298 0.1277 0.1273 0.1241 0.1178 0.1182 

6.0 Q.1610 0.1966 0.1009 0.1813 0.18B8 0.1690 Q.14Q8 0.1373 0.1364 0.1361 0.1278 0.1220 0.1179 0.1183 0.1169 0.1131 0.1078 0.1079 
9.0 0.1846 0.1779 0.1624 0.1473 0.1516 0.1464 0.1299 0.1168 0.1242 0.1240 0.1171 0.1121 O.lW3 O.lW9 0.1088 0.1041 O.QW8 0.0993 

10.0 0.1610 0.1834 0.1404 0.1367 0.1396 0.1341 0.1191 0.1182 0.1148 0.1147 0.1034 0.1038 O.lQO4 O.W91 0.0988 O.QB88 0.0827 0.W22 
11.0 0.1307 0.1613 0.1303 0.110 0.1297 0.1247 O.llQ7 O.lW2 O.lW9 O.loSe 0.1011 0.0988 0.0938 0.0326 0.0912 0.0802 0.0888 O.Q881 
12.0 0.13Ql 0.14lQ 0.1217 0.1177 O.l2l2 0.1188 0.1038 0.1013 O.lQQl 0.1002 0.0947 0.0907 0.0878 0.0588 0.0888 0.0047 0.0818 0.0809 

16.0 0.0981 0.0873 O.W64 0.0&S 0.0847 0.0901 0.0788 0.0744 0.0738 0.0736 0.0720 O.W99 0.0689 
10.0 

,O.lQ84 0.1176 0.1021 0.0988 0.1017 
O.Q8S8 0.0831 O.Wl3 0.0787 O.Wll 0.0784 0.0699 O.W86 0.W79 0.0681 0.0046 0.#19 O.Q800 0.0694 0.0694 0.0682 0.0588 0.0668 

26.0 0.0714 0.0777 Q.Q881 0.0660 0.0860 O.Q469 0.0688 0.0677 0.0672 0.0676 0.0644 0.0621 0.0607 0.0603 0.0603 0.0494 0.0484 0.0474 
30.0 O.Wl6 O.WTO 0.0600 0.0671 0.0689 0.0671 0.0611 0.0601 0.0497 0.0600 0.0474 0.0466 0.0442 0.0439 0.0438 0.0431 0.0423 0.0414 
36.0 0.0543 0.0592 0.0622 0.0506 0.0522 0.0607 0.0464 O.Q448 0.0442 0.0446 0.0421 0.0406 0.0393 0.0391 0.0391 0.0384 0.0378 0.0370 

.Q4877 .06320 .04708 A4681 .04707 .04672 .04094 .04023 .03994 .04020 .03810 .03861 .03660 .036M -03637 .03483 .03430 .03363 
.04439 .Q4644 A4294 A4182 .04298 .04176 .03741 -03878 .03663 .03S78 .03488 .03361 .03268 .03139 .03241 .03193 .03l47 .03078 
.04M2 .04467 .03968 .03837 .03980 .03862 .03463 .03398 .03374 .0X398 .03221 .03097 .03OQ9 .02996 .02S98 .02964 .02914 .02848 
.037Iw .04138 .03878 .OSS88 .03881 .03683 .03213 .03181 .03141 .03lbh .03QOO .02886 .02604 .02792 .'02796 .02766 .027lS .02868 

90.0 .03637 .03884 .03442 .03337 .03446 .03364 .03010 .02981 .02943 .02996 .02813 .02706 .02829 .02819 .02822 .02688 .02663 .01496 

86.0 .03323 .03831 .03230 .03140 .03242 .03168 .02836 .Q2789 .02?73 .02790 .02861 .02660 .02476 .02470 .02473 .02440 .02410 .02368 

z*: 
So:0 

.03157 .01832 .0343Q .03067 .03002 .02?71 .Q1970 a02686 .02776 .03OtM .02706 .Q2986 .01682 .02431 .Ql64Q .02393 .02581 .02828 .02847 .02401 .02278 .Q2611 .02192 .02416 .02348 .02130 .02126 .02340 .02128 .02343 .02313 .02102 .02077 .02296 .02234 .02032 

.Q1689 .02l334 .02639 .02403 .02643 .02482 .Q2230 .02197 .02188 .022W .02092 .02014 .01967 .01963 .01968 .Ql933 .OlBll .01870 
100.0 .025)3 .02820 .01361 .02281 .02366 .02299 .02087 .02038 .02027 .02044 .01941 .01888 .01818 .01813 .01818 .01796 .Oi774 .Ol738 

E.8 
26Q:O 

.01781 .01469 .01963 .01817 .01482 .01783 .01711 .01417 .01463 .01768 .01727 .01432 .01285 .01666 .01633 .01286 .01627 .01289 .01644 .01286 .01486 .01218 .01411 .01200 .01372 .01180 .01371 .01137 .01374 .01141 .01380 .01128 .01344 .01139 .01320 .OlW8 

.01273 .01413 .01280 .01240 .01289 .01266 .01129 .OlQW .01114 .01128 .OlW9 .01063 .OlOlS .00999 .01003 .OW88 .OlQOl .00987 
EKi .Qll47 .01068 .01172 .01273 .OlQ88 .01168 .OlllO .OlQ33 .01067 .Qll46 .01134 .01048 .01020 .00942 .00902 .00907 .01007 .00930 .00941 .0102Q .QW8B .00894 .00963 .OQ879 .00922 .QO861 .00838 .OWO4 .00840 .00908 .OW28 .OW94 .00837 .00908 .00810 .00870 

.OQ987 .01098 BOW7 .QQB88 .QQ990 .00979 .00882 .QWSl .00871 .OW83 .00838 .00924 .00797 .00783 .00787 .00776 .00786 .00780 

.QQ933 .01038 .00%4 .009l4 A0937 .00927 .00836 .008C4 .00826 .OW38 .00794 .00780 .00768 .00743 .00748 .00736 A0744 .00721 
.QQ8BQ .OQS89 .00901 .QO873 .00896 .QW86 .00798 .00771 .00788 .00799 .00769 .00746 .00722 .00710 A0713 .00702 SW712 .00889 

.~..L.*....L.+...+..***~**.*.~.**.....*...~....*..*~..*.*..**.****...*..*..*..***~..***......*...~.*..*.*....*...*~*.....***..*~*..* 

e/A A 6276 WA 6t” 6gpR 82= mqcD 8'7" 8? 71"I 7JTA 7S" 771R 79*" 82pB (UB1 90m 92" SQ 
*.+..*r..**rr...4+*.***.**~.......*~..~~*.*.~.*~..**...****~***.*~.**.**.*.**.***.**.*..*..**.*.*..*.*..****.~~...~*......***....... 

2.6 0.2143 0.2062 0.2073 0.2092 0.2080 0.1971 0.1917 0.1818 0.1794 0.1742 0.1713 0.1689 0.1031 0.1814 0.1002 0.1807 0.1661 0.1636 
3.0 0.1928 0.1848 O.i884 0.1881 0.1873 0.1779 0.173l 0.1846 0.1819 0.1683 0.1667 0.1637 0.1487 0.1471 0.1469 0.1484 0.1411 0.1397 
3.6 0.1767 0.1886 0.1099 0.1714 0.1709 0.1828 0.1683 0.1611 0.1487 0.1464 0.1432 0.1413 0.1370 0.1366 0.1344 0.1349 0.1298 0.1296 
4.0 0.1818 0.1662 0.1604 0.1677 0.1676 0.1601 0.1482 0.1395 0.1377 0.1348 0.1328 0.1311 0.1273 0.1269 0.1248 0.1262 0.1101 0.1192 
4.6 Q.1502 O.i441 0.1462 0.1484 0.1483 0.1398 0.138Q 0.1303 0.1286 0.1268 0.1240 0.1226 0.1190 0.1177 0.1188 0.1170 0.1126 0.1114 

6.0 O.lW4 0.1347 0.1367 0.1388 0.1388 0.13W 0.1274 0.1122 0.1206 0.1182 0.1164 0.1161 0.1119 0.1107 0.1097 0.1100 0.1067 0.1048 
6.6 0.1319 0.1268 0.1276 0.1286 0.1288 0.1219 0.1199 0.1162 0.1137 0.1116 O.lW9 0.1080 0.1068 0.1048 0.1038 0.1039 0.0998 O.W88 
8.0 0.1246 O.ll96 0.1203 0.12l3 0.1216 0.1182 0.1134 0.1090 0.1077 0.1068 O.lQ41 0.1030 0.1003 0.0993 0.0983 O.W88 0.0917 0.0937 
8.6 Q.1180 0.1133 0.1141 0.1160 0.1162 0.1103 0.1078 0.1039 0.1024 O.lQOS 0.0090 0.0880 0.0966 0.0946 0.0936 0.0938 0.0901 0.0891 
7.0 0.1113 0.1078 O.lWS 0.1094 0.1098 0.1060 0.1026 0.080 0.0978 O.W58 0.0046 0.0836 0.0912 0.0903 0.0893 Q.WW 0.0380 0.0861 

8.0 0.1026 0.0986 0.0990 0.0998 0.1001 0.0980 0.0938 0.0906 0.0996 0.0079 0.0987 0.0868 0.0838 0.0830 0.0820 0.0823 0.0790 0.0782 
9.0 0.0944 0.0908 O.OW3 0.0920 0.0914 O.W88 0.0988 0.0037 0.0828 0.08t4 0.0803 0.0796 0.0777 0.0789 0.0780 0.0783 0.0732 0.0724 

10.0 0.0877 0.0843 0.0048 O.WSL 0.0868 0.0824 0.08Q8 0.0779 0.0772 0.0769 0.0749 0.074l Q.0726 0.0718 0.0710 0.0712 0.0883 0.0678 
11.0 0.0820 0.0789 0.0793 O.Q799 0.0803 0.0771 0.0764 0.0730 0.0724 0.0712 0.0702 O.WW 0.0881 O.W74 0.0668 0.W88 0.0841 0.0834 
12.0 0.0771 0.0742 0.0746 0.0761 0.0766 0.0728 0.0710 O.Q888 0.0682 0.0871 0.0882 0.0868 0.0842 0.0638 0.0829 0.0630 0.0806 0.0698 

16.0 .00670 .08321 .Q83Sl .06402 .08442 .092QQ X18089 .06893 .06844 .06764 .06882 .06831 .06618 .06472 .06403 .06417 .06196 .06144 

60 2.8 

.06330 .0613i .OSlLS .06196 so6136 .06046 .04S42 .048W .04774 .04704 A4847 .048W .04622 .04488 .04429 .04440 .04268 .04217 

.04627 .03600 .Q4368 .03813 A4378 .03830 .044l3 .03881 .04460 .03898 .04293 .03781 a04208 .038U8 .04101 .03699 .04074 .03678 .04010 .03617 
.03@89 .03937 .03888 .0384l .03788 .03798 .03842 .03607 
.03488 .03480 .03399 .03379 .03331 .0X340 .03103 .03173 

36.0 .03638 .034Q8 .03421 .03448 .03482 .03382 .03298 .03221 .Q3202 .03160 .03l24 .03100 .03048 .03031 .02987 .02996 .02873 so2840 

%:8 :OZMl 03208 :02834 03089 :01847 03103 :02870 03127 :02900 03169 :02803 03062 :02760 02994 .02929 .OlSW, .02910 .02876 .02873 .02641 .02840 .Q2812 .02819 .02693 .02773 .02661 .02769 .02639 .02718 .02601 .02608 .02726 .02816 .02407 .02691 .02386 

g.8 
8Q:o 

.01726 .Q2643 .02026 .02460 .02037 .01481 .02868 .01481 .02087 .026Q9 .Q2697 .02426 .02660 .01381 .02494 .02331 .01482 .02319 .02461 .02291 .Q2424 .02280 .02407 .02260 .02308 .02216 .02368 .02209 .01321 .02172 .02319 .02178 .02236 .02OBQ .02214 .02071 
.02388 ,023Ol .02332 .02330 .02367 .Q2279 .02238 .02191 .0218l .02¶64 .02131 .02118 .01083 .02076 .02044 .02049 .0¶987 .01949 

t-z:: .01264 .02138 .02173 .02Wl .02182 .02070 .O!AlOO .02087 .01226 .02111 .02163 .0x)42 .02%14 .02006 .02071 .01988 .02081 .01967 .02037 .01934 .02014 .01913 .02001 .019OQ .01970 .01871 .01983 .01866 .01933 .01838 .01939 .01841 .01880 .01787 .01844 .01762 

1QQ:o w 

.01946 .01874 .01883 .01998 .OlWl .01869 .01828 .Ql791 .01783 .Oi782 .01743 .01732 .OlTW .01701 .01874 .01879 .01812 .016@8 

.01883 .01790 .01726 .01803 .01733 .01611 .Ql824 .01747 .01846 .01789 .01712 .01602 .OlS86 .01883 .01636 .01850 .01843 .01629 .01026 .01611 .01807 .01498 
.01697 .01674 .01689 .01646 .01649 .01487 .01474 
.01498 .01486 .01481 .01438 .01442 .01386 .01373 

160.0 .Ol284 .01218 .01224 .Ql234 .01261 .OlDl2 .01192 .0117l .Ollbf .01166 .01143 .OllM .Qll20 .01117 .OllOO .01103 .01080 .01061 

3QQ:0 %x 
.01062 .01018 .01018 .01024 .01039 .01007 .00991 .OW76 .00972 .00982 .00962 .OW47 .00934 .OW32 .OW17 .00920 .OOSOa .00879 

.QOS20 a0839 .QQ894 .QQ810 .00884 A0802 A0991 .00804 .OWQS .Q0818 .00879 .00798 .QQ87i .W79Q .Q~866 .00774 .00868 .QO777 .0W46 .OOTw ~0634 .00767 .00832 .00768 .00748 .00823 .00817 .00742 
.00804 .00807 .OOWl .00778 
.00731 .00733 A0728 .00706 

360.0 .QQ778 SO760 .00742 .00744 A0766 .00738 .00731 .QO719 .00719 A0711 .00701 .00700 .OW93 .OQ888 .OQ877 A0879 .00874 .OW64 

40Q.0 .00728 .00703 .CWB8 .00098 A0709 .OW93 .QQ889 .OW76 .QO876 AQ888 A0069 A0867 .OW61 .OWM .00838 30838 A0633 .QW14 

2%:: .QOOOO.~7.00080.QWO3.00873 .QQWQ .00838 .00832 A0834 .00043 .QW68 .00829 .00861.OW4Q .00823 .00813 .OO84l.OW34 .00813 .W807 .00026 .006@8 .00824 A0697 .00818.00814 .00691 .00687 .00678 .00804.OWW .QO68Q .00801.00683 A0676 .00669 

10 Attic Data and Nudear Data Tabies. Vol. 46. NO. 1,66~tember 1990 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAIGE II OUTS OF %/Sq QI 
4 

SE 10% 
2 

WA BE 
8c 12 

)I[: AL SI CA n CR FE IX (XI GE se SR ZR no RB 
4 13 14 20 22 24 24 28 23 32 34 38 40 42 46 4" 

***.**,.,..+.1..*~++....*.*.*.*..**.*.~******...**....***********~~.*.*.~...*..~~..*..***.**.~**.~*.*****.**...*.*~..*~*..*~.~*.*... 

E 
13.83 13.43 14.22 14.74 14.41 17.41 20.38 21.66 22.08 22.78 24.27 24.94 27.27 26.83 27.32 28.37 29.14 18.33 
18.43 17.82 21.09 22.41 22.13 23.44 27.03 24.44 23.11 29.92 31.86 32.90 36.69 36.30 36.83 37.14 38.84 39.22 

s*: 
24.07 13.W 27.81 28.77 28.33 30.17 34.48 36.14 34.94 37.84 40.28 41.71 44.82 44.46 46.27 44.88 49.46 49.60 

4:6 
30.14 24.44 34.W 36.80 36.20 37.38 42.49 44.42 46.63 44.69 43.63 61.47 64.94 64.34 66.60 67.63 60.97 60.73 
%.82 34.49 42.04 43.61 42.71 46.27 61.44 63.87 64.33 64.08 63.40 42.02 66.91 %.I2 66.81 83.08 73.37 72.88 

f:0 
44.12 41.47 60.11 61.47 60.84 63.82 41.34 43.% 66.16 (lb.31 70.46 73.39 77.73 78.12 78.67 81.44 %.OL 86.94 
62.01 19.01 %.81 0.87 69.44 83.01 71.78 74.69 74.06 77.24 82.07 8b.67 90.37 W.34 91.77' 94.71 100.77 99.89 

t: 
do.49 %.44 66.13 70.61 68.03 72.83 82.91 86.04 87.47 88.87 94.46 99.64 103.83 104.43 106.49'108.W 116.72 114.70 

710 
99.66 66.29 74.06 80.78 79.02 93.29 %.74 98.19 100.01 101.37 107.69 112.28 118.08 119.09 120.02'123.71 131.60 130.37 
79.19 74.23 88.67 31.44 99.42 94.34 107.26 111.06 113.06 114.47 121.46 124.0 133.13 134.36 136.34 139.43 148.08 lS4.88 

4.0 loo.17 83.46 111.37 116.26 112.68 118.31 134.32 138.84 141.22 142.72 161.34 164.08 146.63 147.22 148.32 173.24 183.41 182.34 
9.0 123.38 116.14 X30.49 141.23 137.84 144.46 104.04 149.31 172.10 173.07 184.11 192.32 200.97 203.14 204.34 1210.16 222.23 221.07 

10.0 148.79 138.43 143.87 149.64 146.37 173.32 lDd.36‘202.43 206.43 207.24 219.43 229.44 233.37 242.04 243.37 260.09 163.88 292.92 
11.0 174.36 144.09 193.47 200.16 196.13 x)4.27 231.21 238.13 241.77 243.39 26'7.87 263.39 290.47 293.fM 296.30 292.99 304.48 x)7.94 
12.0 106.03 191.49 226.24 233.02 227.04 237.46 268.67 274.36 290.44 282.07 238.78 312.11 324.41 328.64 330.10 339.79 366.94 366.77 

16.0 

iii:: 

307.6 286.1 333.4 344.8 336.4 360.2 396.3 406.9 411.4 412.3 437.1 464.4 473.9 479.3 481.1 493.1 616.3 617.1 
614.8 477.7 664.7 673.4 667.6 680.0 663.1 %3.2 S77.3 We.0 717.2 748.4 776.3 783.7 784.0 804.1 834.7 841.7 
773.8 714.1 824.7 862.3 828.0 869.4 999.3 998.7 BBS.7 989.0 1064.3 1102.0 1139.6 1161.1 1163.7'1178.7 1217.7 1232.1 

30.0 1074.7 962.2 1141.2 li79.1 1144.8 1184.4 1332.2 1341.4 1376.7 1373.2 146i.4 1613.4 1643.4 1678.2 1681.0 1413.6 1441.0 1984.7 
36.0 1423.6 1310.6 1602.3 1661.8 1609.1 1669.1 1748.4 1786.4 1803.0 17S8.1 18SS.S 1880.4 2044.3 2042.4 2Q46.2 2106.7 214l.S 2196.4 

ii':: 
1813. 1868. 1308. 19S9. 1910. 1976. 2680. 2401. 2404. 2718. 
2243. 2002. 2362. 

E.0" 
2714. 24:. $8;;. 3% m 

g: 334s: 
2;:. 

w:o X: 34W: 3924: . 3927. it::. 
47m: 
6469. 6670. 

3 ii%: 
z:. 4624. 488;. ;&2;. g:. 6212. 6307. 6348. 6317. 6612. 6642. 4163. 

6169. %Z i%:. wL4. 8934. 

i2.t 
9318. 6790: SSSSZ. 9742: 6634: 6124: 7606. 7439. 

6937. 8046. ZO:. $0;. 

9447 : 9382: 
EZ: .!2:* . 8484: z%. 

EE. f%. 

7797. 8232:. 803Of. 8270. 9938. 10296: I%? 10660. lOiJ42' Ii%? 
* 9148' 

1oo:o 
7142. 

99831 . . 
3227. 9386. 

9406. %ll. 
li%i' 11202' 

3344. 11091. 11279. il349. 11247. 11886. 12390. 12724. 12778. 127%: 12960: 13142; 13423: 

160.0 19238. 17686. 19960. 20267. 19823. x)124. 22407. 22769. 22877. 22%0. PSII. 24849. 26671. 26442. 26404. 26927. a(1271. 26808. 
200.0 3l736. 24327. 32208. 33208. 32202. 32960. 36467. 37220. 37368. 38996. 3WO4. 40190. 41436. 41784. 41703. 42196. 42464. 43641. 
260.0 464W8. 42211. 4S883. %362. 47001. 47924. 63308. 64248. 64242. 63474. W636. 68062. 69801. WS28. 6046S. :41244. 41247. 63024. 
300.0 %067. 67169. 63304. C6362. %421. 61737. 71987. 73604. 73149. 72399. 76304. 78071. 80693. 81723. 81497. .82419. 82321. 84809. 
360.0 81267. 73664. 81414. 83992. 81818. 63134. 92426. 94822. 90670. 92804. 9784G. SSW0.103212.104749.104407.106924.106314.108687. 

*+..+..****L...l*..+*****.***....****..~**...****~***....**...*.*...~.~~....~.*.***.*.****.***.**..*~*.*.....*.*..*.*..**..*..~~..*~ 
E/A SI 62Te m8A LA PR SH CD HO l’i4. LU TA RE I6 AU PS 81 111 

60 67 69 42 84 47 49 71 73 76 n 79 82 8.3 W 92" 
. . . . ..*..*...*..*.*......**..*~...***..*.*.*..~.*..*.***~*....**.*.*.**.*.....~.***.***.~.*.*...***.....*.*....*~*.**.*...*.....*... 

3:: 
30.40 31.74 31.84 32.72 32.40 34.S2 38.41 33.00 39.72 40.83 42.38 42.26 43.64 44.49 42.47 43.00 44.21 46.21 

FE 

40.44 42.02 42.06 42.82 42.76 46.41 47.41 60.68 61.60 62.70 64.44 64.88 64.41 67.49 66.77 64.06 67.76 68.89 
61.54 63.37 63.30 63.97 63.94 67.38 69.70 93.27 64.41 46.89 (18.06 68.27 70.44 71.98 70.07 70.30 72.64 73.84 

416 
93.21 %.74 66.69 86.16 Bb.14 70.20 72.86 77.04 78.40 W.19 82.67 82.97 86.69 88.93 85.63 86.71 88.66 90.01 
74.06 79.14 78.87 79.32 79.33 84.03 87.06 Sl.87 93.46 96.66 88.17 98.77 101.86 103.42 102.12 102.26 106.76 107.38 

99.83 93.60 93.13 83.44 W.48 99.86 102.24 107.73 109.63 111.96 114.83 116.63 119.19 
104.64 

120.96 119.81 119.88 
108.83 108.36 108.64 

124.10 126.92 
108.64 114.46 118.46 124.60 124.82 129.40 132.62 133.62 137.64 139.64 X38.68 

120.14 126.09 l24.61 124.66 
.138.41 143.68 146.40 

124.67 131.39 136.41 142.46 144.71 147.94 161.23 162.44 167.00 169.18 168.41 
134.47 142.28 

'168.38 
141.63 141.62 149.07 163.72 

184.14 144.40 
141.49 141.28 143.74 147.24 170.93 172.38 177.44 

164.06 
179.83 178.28 179.19 

160.38 169.67 168.34 187.47 
186.83 188.29 

169.29 172.77 181.06 163.74 187.46 191.41 193.27 198.88 201.60 201.17 201.02 208.67 211.24 

191.4 199.3 198.2 197.7 197.6 207.4 213.4 .223.4 228.4 231.3 236.8 238.0 244.7 247.8 248.0 247.7 267.2 290.4 
232.1 241.4 240.3 239.6 23S.2 261.0 268.0 289.4 273.1 278.4 283.8 2%.4 294.3 297.9 298.4 298.2 309.8 313.4 
274.1 287.4 286.8 284.4 284.1 297.8 WI.0 319.0 323.2 329.6 336.6 338.4 347.7 361.8 363.1 362.6 3S4.6 370.8 
323.3 338.4 334.7 333.0 332.3 348.0 367.3 372.0 374.7 S4.0 390.4 394.3 404.7 409.3 411.3 410.4 427.0 431.9 
373.4 338.8 384.7 3-94.7 393.7 4X.6 412.0 428.6 433.7 441.9 449.3 463.4 %6.2 470.4 473.2 472.3 491.3 U4.S 

642.8 664.7 WI.8 668.4 664.4 661.0 696.6 417.4 424.6 636.8 846.7 %I.7 %7.6 674.6 979.8 678.3 70S.2 713.9 
893.1 918.3 913.7 W7.6 W3.1 811.0 963.0 996.7 1006.6 1022.0 1037.3 IO%.7 1070.4 low.6 1091.2 N88.4 1134.0 1144.0 

1291.9 1342.9 1330.4 1316.9 1319.1 1372.6 1403.4 1447.8 14W.8 1484.6 1604.8 1618.0 1660.6 1644.0 1681.3 1677.6 1443.8 1840.8 
1746.4 1834.9 1826.1 1412.8 1800.8 1871.8 1912.6 1999.9 1944.2 2017.3 2043.9 2061.3 2203.7 2120.4 2llb.S 9140.4 2230.8 2263.6 
2301.2 2391.0 2379.7 2342.0 2344.S 2436.2 2487.1 2668.6 2678.4 2817.6 IbSl.1 2473.2 2726.2 2748.4 2781.1 1774.1 2891.2 2920.2 

3009. 2336. 2972. g';. $04& 3124. 3211. 3236. 3282. 3323. 3361. 3416. 3433. 3484. 3476. 3622. 3668. 
3986. 3844. 3840. 
PA;. $3. gf. 4328: 

%X 
: 4S78. 

3922. 3926. 3962. $00. &69. 
4438. 

FIX- 
. 4864. 2%: 

%I. 

Et: 4134: Et t%::: ZE %: 

El. pi. 4241. y&' 4463. 

. 8061: 6023: 6977: 0463: E: 
* 6831: 6974: 

~~: 
E:- 

%27. S923. 6806: 

E: w Et% 
* %%. 

if!:: Iif%: 12102: 
14033. 14604. 14498. 

29016. 2SW4. 28034. 28706. 10369. 29314. 29834. 30437. 30674. WS30. 3l2%. 31478. SIB%. 32-T. 32642. 
464%. 47187. %SI4. %414. %OlO. 47S41. Y382. 4927S. IDIW. 60020. KS%. W430. 614299; 61796. 62697. 2U6. 64141. 66064. 
%443. 00264. %lW. 61650. %722. %897. %4%. 712%. 7l4%. 72190. 73117. 73629. 74628. 74832. 7633l. 

P 
471. -24. 34120. 

69693. 01411. %S%. 91399. WO??. 91932. %l?O. %MO. 99092. 97149. %346. %797.100079.100%9.102140.1 1826.103931.104497. 
E 

74s. 77887. 79391. 
113410.117616.1179TI.117231.1166%.118W2.1~6%.122706.1224TO.124%4.1264%.124%S.1~913.116.1 210.132626.136969. 

11 Atomic Data and Nuclear Data Tables. Vol. 46, No. 1. Septembw 1990 



F. HUBERT, R. BIMBGT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

&ECTM)lIC 6TOPPIlO POWER I6 WITS OF IEV/(HG/SQ a) 
7 

LI 101s 
3 

wA = 2 121B lS"' IP 2oQ 2zn wQ 2GcII 2B'I low 31GS 2 JBsa 4cF am uw IT" 4 
..*..,......++.++...............*....**...*~.*.*.**................*.*....~.*.*~...**.....~.......*..*....~~*~~*....*......***~..... 

3:: 
0.W 1.~1 0.866 0.m 0.868 0.812 0.710 0.886 0.671 0.460 0.621 0.691 0.606 0.666 0.662 0.634 0.4B2 0.606 
0.861 O.Bi7 0.770 0.743 0.W 0.72I 0.652 0.411 0.6@@ 0.69l 0.667 0.630 0.608 0.499 0.496 0.461 0.439 0.466 
0.789 0.421 O.de2 0.4M 0.684 0.460 0.671 0.662 0.642 0.656 O.M)I 0.461 0.162 0.464 0.462 0.439 0.404 0.414 
0.898 0.746 0.829 0.808 0.423 0.693 0.621 0.606 0.407 0.492 0.484 0.442 0.426 0.414 0.414 0.404 0.374 0.383 
0.637 0.062 0.674 0.664 0.672 0.646 0.480 0.4M 0.464 0.466 0.420 0.406 0.393 0.3B7 0.3B6 0.376 0.340 0.366 

6.0 0.6874 0.6302 0.6340 O.lil8T 0.6302 0.6090 0.4480 0.4331 0.4263 0.4232 0.3663 0.3811 0.3B6S 0.3412 0.3666 0.3498 0.3274 0.3323 
6.6 0.6464 0.6890 0.4666 0.4810 0.4643 0.4722 0.4147 0.4049 0.366B 0.3983 0.3740 0.3671 0.3440 0.3389 0.3374 0.32B4 0.!3084 0.3123 
4.0 0.6007 0.6480 0.4870 0.4613 0.4634 0.4450 O.SDl3 0.m 0.3719 0.3730 0.3621 0.3343 0.3242 0.3104 0.3141 0.3098 0.2024 0.2047 
4.6 0.4784 0.6160 0.4367 0.4246 0.4384 0.4174 0.3891 0.3692 0.3641 0.3626 0.3324 0.3160 0.3067 0.3023 0.3011 0.2036 0.2774 0.2703 
7.0 0.4613 0.4891 0.4164 0.4017 0.4127 0.3S62 0.34W 0.3404 0.3364 0.3344 0.3164 0.5014 0.26l3 0.2B71 0.2Wl 0.2766 0.2444 0.2G6.6 

4.0 0.4067 0.4374 0.3762 0.3924 0.3729 0.3676 0.3147 0.3089 0.304S 0.3038 0.2470 0.2744 0.2460 0.2014 0.2006 0.2642 0.2426 0.2424 
9.0 0.3991 0.3988 0.3428 0.3313 0.3407 0.3270 0.2666 0.2836 0.2762 0.27B6 0.2436 0.2621 0.2438 0.2404 0.2397 0.2340 0.2241 0.2133 

10.0 0..3390 0.3984 0.3167 0.3063 0.3141 0.3014 0.2474 0.2814 0.2642 0.26- 0.2439 0.2324 0.2267 0.2229 0.2222 0.2172 0.2004 0.2073 
11.0 0.3L3B 0.3396 0.2931 0.2B36 0.29l7 0.2906 0.2491 0.2433 0.2404 0.2404 0.2273 0.2174 0.2109 0.2080 0.2076 0.2028 0.1964 0.1936 
12.0 0.2924 0.3146 0.2737 0.2B44 0.2726 0.2423 0.2331 0.2274 0.2262 0.2264 0.2131 0.2041 0.1976 0.1962 0.1947 0.1906 0.1839 0.1421 

16.0 0.2437 0.2943 0.229B 0.2222 0.2288 0.2207 0.1%6 0.1922 0.1902 0.1906 O.lBO3 0.1728 0.1974 0.1464 0.1963 0.1420 0.1672 0.1660 
20.0 0.1924 0.2093 0.1829 0.1770 0.1926 O.lTB4 0.1673 0.1642 0.1627 0.1633 0.1461 0.1392 0.1360 0.1337 0.1339 0.1310 0.127s 0.1264 
36.0 0.1806 0.1747 0.1633 0.14B4 0.1630 0.14B2 0.1324 0.1296 0.1247 0.1293 0.1214 0.1176 0.1141 0.1131 0.1131 0.1111 0.1068 0.1096 
30.0 0.13B4 0.1607 0.1327 0.1246 0.1329 0.1296 0.1149 0.1124 0.1119 0.1126 O.lO@B 0.1024 0.0994 O.O@BT 0.0987 0.0970 0.0962 0.0632 
36.0 0.1222 0.1332 0.1174 0.1139 0.1176 0.1140 0.1021 0.1002 0.0996 0.1001 0.0948 O.GDll O.OB66 0.0679 0.047% O.GBBS 0.0861 0.0632 

40.0 0.1097 O.llS7 O.lG69 0.1024 O.lOS9 0.1029 0.0921 0.06OS 0.0896 0.0606 O.OB67 0.0624 0.0800 0.0796 0.079B 0.0764 0.0772 0.0764 
46.0 O.ODDD 0.1090 0.0966 0.093G O.OM7 0.0940 O.OB42 0.0624 O.OB22 O.oB24 0.0744 0.0764 0.0733 0.0729 0.0729 0.0718 0.0706 0.0892 
60.0 O.ODlB 0.1003 0.0991 0.0403 O.MDl 0.0667 O.OTTT 0.07B4 0.0769 0.07BS 0.0726 0.0667 0.0677 0.0674 0.0476 0.0666 0.0868 0.0641 
66.0 0.0862 0.0931 0.0624 0.0802 0.0828 O.ODOB 0.0723 0.0711 0.0707 0.0712 O.OB76 O.WS 0.0431 O.ob28 0.0629 0.0620 0.0812 0.0696 
GO.0 0.0799 O.OSBD 0.0774 0.0761 0.0776 0.0766 0.0877 0.0996 0.0882 0.0987 0.0833 O.OBOD 0.0691 0.0689 0.0690 0.0682 0.0674 0.0641 

.07476 .08171 .072BT .07084 .07296 .07106 A4378 .04274 .04240 .OB290 .06966 .0673B .06677 .06667 .06664 .06460 .06422 .06301 

.0706S .07718 .04B90 .m2 .- SO4723 A4036 .06941 .OCDOB .06968 .OCB49 .06434 A6282 .062BS .06272 .06204 .06141 .06027 
AB371 .OUDBB A9234 .OW47 .09243 .O4OBB .06489 .06396 .06367 .OS403 .06126 .04931 .04794 .0474l .04784 .04728 .04973 .04671 

13:: 
.06824 .08378 .06714 .06643 .06722 .06694 .06OlB .04642 .04914 .04SB2 .04708 .04S31 A4404 .04394 .04402 A4349 A4299 .04206 
A6363 .06494 .06290 .06132 .0629B .06173 .MBCO .04641 .04680 .04BO2 .043B7 .04203 .OIOBB .04078 .04064 .Mo38 .03992 .03910 

160.0 .04007 .04394 .0398B .03860 .03972 .03BBB .03498 .03449 .03437 .03473 .03297 .03176 .03097 .03084 .03091 .03069 .03024 .02970 

%E 
.03242 .03839 .03290 .03lBB .03270 .03222 .02897 .02B48 .02B64 .02491 .02740 .02700 .01411 .0266B .026BB .02634 .02691 .0247l 
.02W6 .03179 .OlWO .02791 .02868 .02823 .02640 .02467 .02SO6 .02637 .02406 .02309 .02262 .02247 .02267 .02219 .02261 .02176 

ii!:: 
.02SB2 .028B6 .02901 .02620 .02680 .02661 .022DS .02210 .02284 .0229S .02177 .02143 .02074 .02036 .02044 .OZOll .02039 .01971 
.02378 .02838 .02398 .02323 .02379 .02363 .02119 .02042 .02092 .02120 .02011 .01979 .01916 .OlGBC .OlBBS .01669 .OlBB4 .01823 

.02221 .024BG .02244 .02174 .02227 .02203 .019B4 .01914 .OlDGO .01988 .OlBB6 .01664 .01794 .01783 .01771 .01743 .0178-l .01710 

.02100 .02332 .02124 .02067 .02108 .0206B .01879 .01414 .01667 .016B2 .01784 .01764 .01700 .OlBTl .01479 .01863 .OlBTC .01422 

.02003 .02224 .02027 .01944 .02013 .OlSS2 .01794 .01734 .01774 .01796 .01707 .01477 .01624 .01697 .OlBOC .OlSBO .01801 .OlSSl 

..*~*..*....L..*..L..*........~..~.**.......*.*..*~.*..*...~.*....**.*.**...***.........*..*....*..~..~**.****.**.~.***...*****~..*. 

w' g 62m 6Gm 6T” 6? 82= MGD Wm 6Dm 71Lu 7JTA 76” 771R 79'" t31w G?' @On 92” 6G 
. . . . . . . . ..*..*...............**~*...*~.~.....**.*........*....~*......~....*.....*.*.....**....*..*.....~...*~.*..~..*........**.~.* 

2.6 0.4764 0.4663 0.469s 0.4840 0.4416 0.4374 0.4262 0.4032 0.3967 0.3884 0.3799 0.374B 0.3419 0.3681 0.3663 0.3666 0.3440 0.3406 
3.0 0.4297 0.4118 0.4166 0.4iQ2 0.4178 0.36B6 0.3B69 0.3B72 O.JBOoO 0.3614 0.3471 0.3426 0.3316 0.3279 0.3263 0.32B4 0.3146 0.3113 
3.6 0.3924 0.37BG 0.3798 0.3830 0.3820 0.3836 0.3639 0.3377 0.3323 0.3261 0.3200 0.3169 0.3OB3 0.3030 0.3004 0.3014 0.2901 0.2672 
4.0 0.2823 0.3476 0.3603 0.3633 0.3627 0.3341 0.3274 0.3131 0.3GB4 0.3019 0.2973 0.293G 0.2861 0.2819 0.2794 0.2803 0.2897 0.2669 
4.6 0.33GB 0.3231 0.3266 0.3283 0.3280 0.3119 0.3060 0.2912 0.2880 0.2822 0.2779 0.2746 0.2648 0.2840 0.2416 0.2824 0.2623 0.24W 

6.0 0.3160 0.3023 0.3044 0.3070 0.3070 0.2931 0.2869 0.2742 0.2706 O.lG62 0.2413 0.2682 0.2612 0.2446 0.2441 0.2449 0.2373 0.2346 
6.6 O.tWl 0.2B43 0.2ad2 0.2884 0.26B4 0.2740 0.2693 0.26W 0.2663 0.2603 0.2467 0.243B 0.2376 0.2348 0.2324 0.2333 0.2242 0.2218 
4.0 0.2797 0.2486 0.27U3 0.2726 0.2729 0.2810 0.2647 0.2460 0.241s 0.2373 0.2339 0.2313 0.2264 0.2230 0.2209 0.22l4 0.2124 0.2106 
6.6 0.2962 0.2647 0.2683 0.2644 0.2689 0;247B 0.2419 0.2328 0.2300 0.2268 0.2228 0.2202 0.2148 0.2124 0.2102 0.2108 0.2024 0.2003 
7.0 0.2623 0.2424 0.2439 0.2464 0.2484 0.2360 0.2304 0.2220 0.2194 0.2164 0.2124 0.2102 0.2060 0.2029 0.2007 0.2013 0.1933 0.1913 

8.0 0.2304 0.2214 0.2227 0.2246 0.2262 0.2164 0.2109 0.2036 0.2013 0.1977 0.1960 0.1930 O.lBB4 0.18B6 0.1846 0.1860 0.1774 0.1767 
9.0 0.2124 0.2041 0.2063 0.2099 0.2077 0.1@@3 0.1948 0.1882 O.lB83 0.1430 0.1808 0.1788 0.1747 0.1730 0.1710 0.1716 0.1646 0.1429 

10.0 O.lW3 0.1697 0.1607 0.1023 0.1931 0.1864 O.lBl2 0.1763 0.1734 0.1707 O.lBB4 0.1848 0.1831 0.1416 0.1696 0.1801 0.1634 0.1620 
11.0 0.1646 0.1774 0.1783 0.1796 0.1809 0.1736 0.1697 0.1943 0.1428 0.1801 0.1660 0.166S 0.1631 0.1617 0.1466 0.1603 0.1442 0.1427 
12.0 0.1736 0.14B4 0.1877 0.1490 0.1899 0.1433 0.1697 0.164B 0.1634 0.1609 0.1490 0.1474 0.1444 0.1431 0.1414 0.1418 0.1380 0.1344 

16.0 0.1476 0.1422 0.1419 0.1440 0.1449 0.1396 0.13BC 0.1328 0.1316 0.1296 0.1278 0.1267 0.1241 0.1231 0.1214 0.1219 0.1149 0.1167 
20.0 0.1199 0.1164 O.llBO 0.114@ 0.1174 0.1136 0.1112 0.1082 0.1074 0.1068 0.1044 0.1037 0.1017 0.1010 O.ODDG O.GD@D 0.0968 0.0946 
26.0 0.1019 O.ODSl 0.0986 0.0993 O.iOGi O.GDO4 0.0947 0.0923 0.09lf 0.~904 0.0893 O.ODBB 0.0470 0.0884 O.OB62 0.0864 0.0820 0.0812 
Jo.0 0.0691 O.OBCB O.OSB2 O.WBD 0.0977 0.0844 0.0830 0.0810 O.OBOC 0.0794 0.0794 0.0778 0.0746 0.0744 0.0749 0.0761 0.0721 0.0714 
36.0 0.0798 O.O%B 0.0770 0.0774 0.0783 0.0767 0.0742 0.0726 0.0720 0.0711 0.0703 O.CB@S 0.0898 0.09B2 O.OB72 0.0974 0.0618 0.0840 

E:8 
.07214 .08960 .04981 .0703B .07108 .09997 .09737 .08684 .08648 .08443 .08390 .OG344 .06239 .OBPOS ABll4 .O4132 .OSB43 .06429 
.QaBlQ .09377 38408 .09467 A9626 .0830@ .0918@ .09061 .ODGlS .06943 .06877 .OSB36 .06740 .06713 .06428 .06843 .06416 -06346 

2: 
.04131 .06907 .06934 .069Bl .ODO49 .06944 .06737 .06813 .06684 .06616 .06463 .OMlC -06328 .063OG .06226 .06239 .0602B .04982 

ai0 
.OLTil .06613 .0663B .06662 .06944 .06467 .06364 a06244 .06218 .06166 .06098 .06OB2 .04983 .04983 .04BB7 .04@00 .04703 .Od861 
A6373 .06174 .06201 .06243 .06202 .06128 .06036 .04930 .04907 .04848 .04794 A4742 .044BB .04870 .046@8 .04Gll A4426 .043BG 

FE 
.06072 A4889 .049ll .04960 .06007 .G4843 .04767 A4669 .04B37 .04682 .04132 .04602 .04433 .04417 .04349 .04381 A4186 .0414@ 
A4411 34439 A4867 .04896 .04760 .04696 .04614 SO4423 .04402 .04361 .04304 .0427b .04210 .04196 .04130 .04142 .03974 .03@41 

e: 
.04376 .04217 .0423G .04270 A4313 A4193 .04109 .0402S .04Cll .03986 .03922 .OMDB .03B38 .03424 .03747 .03777 .03424 .03696 

100:0 
34027 .03662 .03900 .03931 .03961 .03962 .037BB .03713 .03897 .OMW .03917 .03693 .03Ml .03630 .03476 .03486 .03344 .033l7 
.03743 .OMO4 -03424 .0-J .03700 .03642 .03621 .03464 .03440 .03402 .03364 .03346 .0326B .03287 .03234 .03246 .03114 .03089 

z*: 
.02943 .02741 .02763 .02774 .02814 .02724 .02461 .02436 .02424 .02696 .02671 .02664 .02621 .02614 .02476 .OWB3 .02364 .02344 

260: 0 
.02398 .02286 .02296 .02304 .0233~ .02296 .02229 .02193 .OOlBB .021~6 .02142 .02130 .02102 .OZODG .02044 .02071 .02044 .OlSn 
.02062 .02011 .Ol@@@ .02006 .0203B .OI979 .01969 .01926 .01924 .01904 .01678 .01873 .01462 .01839 .OlBlO .01619 .OlBO3 .01744 
01866 01823 01404 01410 01937 01796 01777 01747 01748 .01729 .01704 .OlTOl .016B2 .01470 .01944 .01960 .01434 .016B7 

i%: :0174B :Ol@@@ :OlB@S :OlB74 :01700 :Ol@Bl :OlB46 :01417 :OlSlB .OlBOi .01678 .Ot676 .01669 .01647 .01623 .01624 .OlS17 .0¶471 

400.0 .01~34 .01642 .OiSBB .01671 .OlLS6 .01669 .01644 .01618 .OlSDO .01603 -01482 .0147@ .01494 .01464 .01431 .01430 .01426 .01392 

%:: 
.01663 .01601 .01484 .01491 .01613 .0149O .01446 .OlUl .OI442 .01427 .01407 .01404 .01390 .01381 .01369 .01394 .01363 .01313 
.014BB .01436 .OI421 .Oi428 .01448 .01414 .01401 .01379 .01380 .01386 .0134B .01344 .01331 .01322 .0130¶ .01306 .012S6 .01267 

12 Abmk Data and Nucbar Data Tables, Vol. 46, No. I, ~tmbW 1660 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAIGB II UIITS OF ffi/SQ Q( LI 101s 
3 

B/l Es c IG AL SI CA TI 
4 

..*..*I.+.... 

::i5 
10.73 
14.66 

2 i?z 
4.6 m:s1 

6 ia 13 14 2G 22 
l ..*.........*+**..*.*..*.*.**********.*..** 

10.18 14.09 13.99 13.06 16.69 17.16 
13.77 16.36 16.43 18.00 20.46 22.42 
17.61 22.19 22.41 22.66 26.69 28.26 
21.29 28.60 28.81 26.13 31.24 34.66 
27.11 34.31 34.93 34.10 37.40 41.98 

CR FE II W GE s SR za w RB 
24 20 26 29 31 34 36 40 42 46 47" ~..*.***.*.**..***.*****.**..*.**~*~.*..**~**.****~....**~****.~.......~~*** 
16.10 16.78 19.43 19.79 20.92 21.68 22.70 13.18 23.84 14.36 24.98 
23.62 24.31 26.06 26.76 27.19 26.14 29.36 30.66 31.99 32.29 
29.66 30.46 31.27 32.36 34.13 36.37 38.72 

29.8 4 
37.2 33.18 40.31 

38.19 37.21 
40.36 

33.10 3S.60 41.71 43.ZB 44.76 46.39 49.60 4S.32 
43.41 

49.13 
44.66 46.61 47.46 Is.96 61.86 63.47 64.11 66.61 69.01 68.62 

::: 
34.64 32.66 40.61 41.46 40.46 44.06 49.24 61.21 62.43 63.49 66.92 68.83 61.07 62.84 83.62 66.18 99.36 6~8.81 
40.82 38.31 47.39 48.48 47.30 61.23 67.37 69.67 W.97 92.06 64.98 88.33 70.93 72.86 73.68 76.61 80.37 79.98 

8:: 
47.47 44.49 64.66 66.0s 64.62 68.69 88.04 98.49 70.03 71.16 74.83 78.43 81.41 82.49 84.17 89.49 92.02 91.23 
64.66 61.08 62.38 62.98 62.40 97.03 76.26 77.SS 7S.M 80.81 B4.86 89.14 92.62 94.76 96.68 W.10 1~4.31 103.W 

7.0 62.09 66.08 70.67 72.46 70.66 76.66 85.00 87.97 89.80 Sl.01 S6.66 100.44 104.23 106.66 107.61 110.34 117.22 116.28 

8.0 78.47 73.26 89.32 SO.82 88.63 S4.30 109.07 lOS.60 111.72 113.00 118.94 124.80 129.46 132.2i 133.19 136.69 144.88 143.91 
98.69 SO 07 107 87 111.04 loB.19 114 79 US.20 133.32 136.76 137 08 144.43 161 44 167 03 160 18 161 13 166 39 174 93 174 03 

lo":: 116.39 106:40 129'17 133 07 129 61 137'10 164 34 169 OS Ml 86 163'21 172 07 180'32 l86'91 190'46 191'69 lS6'46 207'34 209'69 
11.0 137.87 126.26 162:ZO US:89 162:76 16l:lS 181:46 186:87 18S:SS 191:X4 201:82 211:40 2lS:O4 222:98 224:2t 22&M 242:04 241163 
12.0 161.00 148.63 176.83 182.46 177.90 187.00 210.63 218.62 PO.06 221.42 233.94 244.94 263.38 267.74 259.06 286.40 276.99 278.82 

16.0 240.0 212.6 ml.1 299.4 282.1 274.7 309.1 317.4 321.9 323.2 341.2 366.9 399.3 376.0 376.6 586.6 403.0 404.3 

E:8 
402.9 372.6 433.2 447.2 414.6 463.4 609.6 622.2 628.9 629.4 669.1 664.1 903.8 611.8 613.7 627.4 961.4 966.8 
902.9 666.6 843.2 W4.1 946.0 670.9 763.2 770.7 779.6 77S.l 822.9 B69.0 887.1 897.6 899.7 018.7 949.3 980.4 
838.6 772.9 889.4 B18.3 891.6 '816.3 1037.8 1090.7 1072.0 1070.1 1130.1 1179.0 1216.8 1229.7 1232.0 1266.9 1294.0 1312.6 

g:,: 1108.3 1020.6 1170.2 1208.2 1172.4 1216.0 l281.7 1390.6 1404.3 1400.6 1479.0 1642.2 1690.8 1609.3 1608.6 1639.8 1683.6 1710.6 

:z ::::. 
1s40: 2los: 

%z~ 3 
mat. 3040. 3104: 3164: 

iii:: %I: 
3626. 3686. 3667. 3730. 
4100. 4168. 4248. 4334. 

66.0 4646. 4711. 4876. 1976. 

E.8 
6172. 6368. 3 6639. 6666. 

so:0 2% 28. 
MISS: 

isi. 
7117. 

100.0 8774. 8819. 8766. 9246. 9916: 9932: 1% 10224: 1% 

160.0 14964. 13678. 16286. 16767. 16298. 16666. 17429. 17703. 17796. 17642. 18699. 19329. lS8SO. 19946. 19918. 20188. 20436. 20863. 
100.0 246M. 22600. 26063. 26830. 25047. 26930. 23613. 28961. 29068. 28778. 30337. 31261. 32228. 32603. 32438. 32821. 33024. 33668. 
260.0 39144. 32832. 38498. 37606. 39667. 37279. 41463. 42210. UlsO. 41760. 41010. 46163. 48690. 47167. 47031. 47663. 47664. 49021. 
Joo.0 4SO46. 4446s. 49286. 6OB38. 4S464. 60363. 66992. 67249. 69912. 66289. 6S349. 90723. 92684. 93666. 63366. 94261. 64030. 66986. 
360.0 63201. 67211. 63326. 06329. 63638. 64662. 71887. 73762. 73012. 72184. 76104. 77748. 80177. 81490. 81208. 81368. 81916. 134469. 

400.0 78464. 70961. 78432. 80922. 78803. 80062. 89979. 91479. 90316. 89263. 91103. 99046. 99183.100738.100369.501862.101121.104306. 
460.0 94877. 86690. 94471. 97487. gO32. ~~4.107124.110279.108669.107313.1131~.116164.119241.121161.120679.~224~.121484.126343. 
600.0 111768.100W0.111368.114913.112056.113676.116200.130026.127978.126422.133264.136872.140317.142691.142013.144197.142869.147432. 

. . ..I.***..*.........~*.***......********~*....***..~.**..********.*...*.***~.~***~*~.*.*.****.**.~....*.......~.....*.*..**.*...*~. 
E/A SI TE BL LA AL SH GO Ii0 III LtJ TA RX IR AU PB BI llJ 

50 62 66 67 69 62 64 67 Be 71 73 76 77 79 82 a3 SC S2" 
*+.*r+.+r***~~~**~*~**~*~~*~~****~~~**~~*~***~~**~~*~***~~***~*~***~****~******~*~***~~*******~***~*~*~*~****~~~**~**~.*.~~.......*~ 

$2 
m-12 27.00 28.93 2S.43 30.41 31.82 32.68 32.80 34.49 36.17 36.87 39.62 37.37 38.04 36.89 39.19 41.82 42.88 
33.87 36.10 M.96 37.37 36.40 40.24 41.33 42.91 43.79 44.66 46.62 46.40 47.48 48.27 49.20 49.47 62.48 63.42 
42.40 U.SS 46.77 4S.12 47.17 49.47 60.81 62.89 63.88 66.00 69.03 67.09 68.48 69.38 60.41 do.64 94.08 96.14 
61.69 63.68 66.38 66.64 69.71 69.49 61.10 83.63 94.82 H.18 97.39 69.66 70.33 71.38 72.60 72.69 Tb.60 77.79 
61.72 64.13 96.76 66.93 67.01 70.29 72.1s 76.21 76.67 78.18 79.67 60.89 83.03 94.20 96.46 86.90 60.03 91.30 

6.0 
2 

72.47 76.34 79.88 76.06 78.06 81.BO 84.06 87.69 89.12 SO.99 92.67 94.04 96.66 97.87 99.26 BS.36 104.34 106.82 
82.94 SO.11 87.28 99.W 101.33 88.74 ea.73 89.81 96.17 99.67 100.73 102.46 104.68 106.36 107.99 110.89 112.37 113.89 113.96 119.63 121.16 

6.6 
101.22 102.16 107.21 110.04 114.94 116.64 118.W 120.94 122.73 126.01 127.89 129.34'129.38 136.66 137.39 

7.0 
108.96 113.36 114.63 114.41 116.49 120.98 124.16 129.31 131.38 134.07 136.28 138.26 141.94 143.76 
122.60 127.44 128.64 126.30 129.31 136.48 138.@8 144.71 146.99 149.96 

146.69 146.67 162.44 164.41 
162.38 164.63 168.63 160.62 162.64 162.65 170.14 172.30 

1o:o X.8 
161.8 167.7 168.7 166.1 169.1 199.6 170.8 177.7 180.3 183.9 186.8 189.3 194.3 lS6.6 199.1 198.9 X38.0 210.6 
217.6 183.2 226.3 190.7 191.6 226.9 190.6 226.8 226.6 191.6 200.3 236.6 206.3 242.6 262.0 213.6 216.6 266.6 220.7 280.4 224.2 264.3 167.6 227.0 232.9 236.7 238.6 238.2 249.0 261.9 

:::o" 
274.4 277.6 280.9 280.6 293.0 296.6 

264.2 293.3 306.2 204.4 306.4 264.9 303.6 263.6 303.9 264.0 317.4 276.8 326.1 261.6 337.2 293.3 341.4 197.1 302.7 307.3 3lr.O 318.8 322.3 326.2 326.6 360.1 344.0 
347.8 362.9 367.1 396.9 369.9 374.3 373.6 390.1 394.6 

16.0 426.0 442.0 441.6 438.7 43B.3 467.1 497.8 464.3 4BS.a 
%:8 

498.6 606.6 611.2 623.2 628.6 636.0 633.9 
1007.6 669.6 1047.3 717.0 1044 716.2 0 1036 710.3 6 1031 707.9 6 1072'6 737 0 lOSO 763.7 2 1120'1 778 4 1140'3 786 1 7SS 6 810 2 818 4 B36 6 a44 4 866 0 863 0 IISO 667.3 0 BBS 663.4 6 

30.0 1376.0 1429.9 1424:9 1414:4 i4OS:i 146O:O 1402:2 163S:l 1649:O 1673:l 1693:l MOT:6 MO:2 1663:3 1676:3'1671:2 174311 1760:8 1299'8 1166'7 1173'8 1186'0 1210'0 1220'6 1236'2 1233'3 1286'6 

36.0 1792.6 1862.4 1666.6 1841.6 1829.3 1800.1 1939.1 1994.0 2009.6 2039.9 2Qt56.4 2063.6 2124.6 2140.3 2169.4 2194.0 2266.8 2279.4 

40.0 2266. 2343. X334. l316. 2299. g. 2436. 2601. 2610. 2762. 2669. mu). 2826. 

=: a 3F* p3s: 200:. 4116. 3496: 

2667. 1588. m10. moo. 2970. 2716. nos. m63. 

4636. 4709: 46~0: ii%: PS;: . 4777. 4872. 

E:8 6291. 64SO. 

ii:: 
100.0 

9113. 9468. 9417. 9343. 9246. fz:* 9667: 
10917. 11330. 11281. 11192. 11071. 11463. 

160.0 200.0 2l792. 22910. 22611. POS3. 22906. 2397-l. 22321. 23110. 23786. 
260.0 

36366. mO4. w66. 26797. SB61. 3?620. 24091. 24324. 24487. 24869. 24946. 26333. 26292. 16916. m646. 
29282. 50330. a469. 

300.0 96903. 7l411. ?X66?. 71049. 7W66. tl%B. 73246. 74682. 74724. 67070. 69207. 69111. ii8936. 90431. 91767. 
61214. 62091. 62024. 62906. 62692. 64449. 66449. 28013. 38531. 39686. Y)lSO. 10299. 40916. sM797. 42133. 42963. 

66900. 66614. 60229. 69972. 67101. 
3SO.O (1(1219. 9X404. Sl794. 91184. IBBGO. 01606. p1163. WB41. 78224. 7M46. TBfo4. w. 82831. 76694. 79494. 76646. 

S6441. s677. SW36. 97878. 98267. W4S2.100028.101@0.1y)1281.1~83.106fl8. 

100.0 460.0 1WslO.112~.11~.112766.111187.114~1.1167~.117~6.117S21.11S228.1~7~.121126.122691.123~7.1263~.1 
600.0 

1~.1U~.1~.1SI~4.151732.137~3.1SOOIO.141491.1416M.143160.146069.146~.147249.1~116.1~4~.1 2 4934.129916.130366. 
1W9~.160166.1~6~.16~6.1673b3.16161Q.1bS~7.166339.¶~4~.166246.170600.171053.173003.174Ol6.1~7~.1~6220.178919.18~29, 8966.162148.169381. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROIIC 6TOPPIIQ POWER 11 UIITS OF nEv/tao/sq ai) 
9 

80 Ions 
4 

WA aI 
2 12 

I(; AL 51 CA n CR FE II al GE SE SR 2at Ho lol 
4 13 14 20 22 24 28 28 28 32 34 38 40 42 45 4;" 

.**~**~*.*.*+...L*.*..**.~.......***..******..*..~~*..*.....*..~~.~~*.~**.**...*~..***..*..~.**.....*.*.*.**.****...~.***.**.**...~~ 

::f 1.701 1.602 1.803 1.690 1.616 1.348 1.461 1.300 1.495 1.331 1.414 1.293 1.236 1.108 1.191 1.069 1.107 1.018 1.148 1.034 0,974 1.080 1.027 0.927 0.882 0.888 0.966 0.873 0.959 0.968 0.929 0.842 0.839 0.768 0.877 0.790 
43:: 1.222 1.346 1.3O4 1.434 1.108 1.216 1.070 1.173 l.Og7 1.202 1.044 1.142 0.918 1.003 0.890 0.970 0.874 0.963 0.942 0.868 0.816 0.888 0.778 0.846 0.748 0.811 0.736 0.798 0.732 0.794 0.711 0.770 0.859 0.709 0.974 0.730 

4.6 1.120 1.197 1.020 0.986 1.010 0.993 0.848 0.822 0.809 0.802 0.756 0.721 0.694 0.883 0.880 0.861 0.816 0.827 

2 0.8d2 1.034 l.lO? 1.031 0.946 0.982 0.913 0.862 0.937 0.874 0.894 0.836 0.788 0.737 0.766 0.716 0.763 0.706 0.748 0.701 0.706 0.002 0.673 0.632 0.848 0.809 0.639 O.SPP 0.635 0.697 0.818 0.681 0.679 0.646 0.687 0.662 

tai 
7:o 

0.899 0.846 0.966 0.906 0.827 0.779 0.799 0.763 0.820 4.773 0.784 0.740 0.693 0.064 0.674 0.838 0.004 0.027 0.880 0.824 0.023 0.690 0.696 0.663 0.674 0.643 0.666 0.636 0.663 0.633 0.620 0.648 0.618 0.492 0.522 0.496 
0.796 0.868 0.737 0.712 0.732 0.701 0.620 0.603 0.696 0.693 0.660 0.636 0.616 0.609 0.607 0.494 0.469 0.471 

8.0 0.7170 0.7733 0.8667 0.6430 0.6616 0.6342 0.6618 0.6475 0.6402 0.5389 0.6091 0.4868 0.4702 0.4838 0.4622 0.4610 0.4302 0.4299 
9.0 O.df37 0.7660 0.6082 0.6861 O.SO47 0.6804 0.6147 0.6020 0.4968 0.4949 0.4678 0.4474 0.4324 0.4267 0.4254 0.4164 0.3977 0.3963 

10.0 0.6007 0.8486 0.69O4.t 0.6421 0.5677 0.6368 0.4766 0.4942 0.4686 0.4682 0.4331 0.4146 0.4008 0.3968 0.3946 0.3866 0.3704 0.3882 
11.0 0.6664 O.SOl3 0.6206 0.6036 0.6180 0.4982 0.4426 0.4322 0.4271 0.4271 0.4038 0.386S 0.3740 0.3696 0.3686 0.3803 0.3470 0.3442 
12.0 0.6186 0.6609 0.4963 0.4704 0.4842 0.4660 0.4142 0.4047 0.4001 0.4004 0.3786 0.3626 0.3609 0.3488 0.3460 0.3384 0.3267 0.3236 

16.0 0.4328 0.4688 0.4081 0.3949 0.4087 0.3922 0.3491 0.3416 0.3380 0.3387 0.3204 0.3071 0.2976 0.2844 0.2838 0.2878 0.2793 0.2766 
20.0 0.3421 0.3716 0.3261 0.3147 0.3243 0.3136 0.2796 0.2740 0.2716 0.2724 0.2679 0.2474 0.2398 0.2377 0.2374 0.2329 0.2274 0.2233 
26.0 0.2962 0.3102 0.2724 0.2038 0.2721 0.2634 0.2363 0.2308 0.2289 0.2299 0.2177 0.2089 0.2028 0.2011 0.2010 0.1974 0.1934 0.1896 
30.0 0.2469 0.2978 0.2369 0.2286 0.2367 0.2286 0.2043 0.2006 0.1990 0.2001 0.1896 0.1820 0.1767 0.1764 0.1764 0.1724 0.1893 0.1867 
36.0 0.2171 0.2306 0.2080 0.2026 0.2O8S 0.2027 0.1814 0.1782 0.179S 0.1779 0.1888 0.1620 0.1673 0.1683 0.1663 0.1638 0.1613 0.1479 

40.0 0.1960 0.2127 0.1883 0.1824 0.1883 0.1829 0.1638 0.1609 0.1698 0.1608 0.1624 0.1484 0.1422 0.1414 0.1416 0.1393 0.1372 0.1341 
46.0 0.1776 0.1937 0.1718 0.1006 0.1718 0.1670 0.1497 0.1471 0.1461 0.1471 0.1396 0.1340 0.1302 0.1296 0.1296 0.1277 0.1269 0.1230 
60.0 0.1033 0.1782 0.1663 0.1636 0.1684 0.1641 0.1381 0.1368 0.1360 0.1369 0.1289 0.1239 0.1204 0.1198 0.1199 0.1182 0.1186 0.1139 
66.0 0.1614 0.1954 0.1471 0.1429 0.1473 0.1433 0.1286 0.1204 0.1268 0.1296 0.1200 0.1164 0.1121 0.1117 0.1118 0.1102 0.1088 0.1083 
80.0 0.1416 0.1646 0.1377 0.133b 0.1378 0.1342 0.1204 0.1184 0.1177 0.1187 0.1126 0.1082 0.1062 0.1047 0.1049 0.1034 0.1021 0.0998 

66.0 0.1329 0.1463 0.1286 0.1268 0.1297 0.1263 0.1134 0.1118 0.1109 0.1118 0.1060 0.1020 0.0991 0.0988 0.0989 0.0976 0.0904 0.0942 
70.0 0.1256 0.1372 0.1226 0.1188 0.1226 0.1196 0.1073 0.1060 0.1060 0.1069 0.1004 0.0866 0.0939 0.0938 0.0937 0.0926 0.0914 0.0894 
90.0 0.1133 0.1239 0.1108 0.1076 0.1110 0.1082 0.0972 0.0967 0.0952 0.0961 0.0911 0.0877 0.0862 0.0860 0.0861 0.0841 0.0831 0.0813 
PO.0 0.1036 0.1134 0.1018 0.0986 0.1017 0.0993 0.0892 0.0979 0.0874 0.0882 0.0837 0.0806 0.0783 0.0781 0.0783 0.0773 0.0784 0.0748 

100.0 0.0967 0.1046 0.0940 0.0912 0.0942 0.0920 0.0827 0.0814 0.0811 0.0818 0.0776 0.0747 0.0726 0.0725 0.0726 0.0718 0.0710 0.0096 

160.0 .07124 .07812 .07061 .06844 .07O62 .06908 .06219 .06132 .06109 .08176 .06861 .05646 .06488 .05483 .06496 .06439 .06376 .06280 
200.0 .06636 .06470 .06849 .06t398 .06812 .06728 .06161 .06060 .06078 .06139 .04872 .04799 .04642 .04647 .04586 .04606 .04663 .04394 

35o:o z%-: 
.ObO94 .06651 .06121 .04962 .05077 .06019 .04616 .04387 .04466 .04610 .04277 .04212 .04076 .03996 .04012 .03948 .04OO2 .03888 
.04226 .04690 .04990 .06O94 .04924 

,.04293 
.04480 .04130 .04686 .04229 .04184 .04535 .03767 .04082 .03630 .03930 .03720 .04029 .04081 .03768 .03676 .03871 .03618 .03810 .03404 .03686 .03342 .03617 .03368 .03634 .03675 .03304 .03360 .03626 .03241 .03504 

400.0 .03949 .04384 .03989 .03865 .03959 .03917 .0362? .03403 .03486 .03631 .03361 .03296 .03190 .03134 .03149 .03099 .03141 .03040 

'II:.; . ..03733 .03660 .04146 .03964 .03776 .036O4 .03657 .03491 .03748 .03678 .03708 .03641 .03340 .03190 .03226 .03063 .03x)1 .0X64 .03348 .03197 .03176 .03036 .03122 .02982 .03022 .02888 .02970 .02840 .02986 .02864 .02938 .02810 .02978 .02847 .02883 .02767 

*.*..****,*.1.1***...**.*...*****~*....***.*.*.*.*******.~.*..****.***.**.*~*****....*...***.~...*.**~*...*******..*....*****..**.*. 
WA se TE 8A LA PR SH CD 80 m LU TA RE Iii AU Pa 91 l-8 

50 62 66 67 69 62 84 67 69 71 73 76 77 79 82 83 93 92" 
***...*~.**...*......**..**..~**.*.**....*.**.**,..**.**.**.........*...**~*.~.*.*~*.****.*..**...**..*..***....*****..*......*.**.. 

2.5 0.8263 0.7914 0.7991 0.8063 0.8019 0.7599 0.7387 0.7008 0.6874 0.6712 0.6699 0.6506 0.6286 0.6219 0.6170 0.6192 0.6973 0.6914 
3.0 0.7612 0.7199 0.7264 0.7328 0.7299 0.6932 0.8746 0.6418 0.6308 0.6186 0.6086 0.6985 0.6793 0.5731 0.5883 0.6703 0.6496 0.6439 
3.6 0.6894 0.6610 O.&O65 0.6723 0.6706 0.6379 0.6211 0.6926 0.6831 0.6706 0.6616 0.6643 0.6376 0.6318 0.6270 0.6288 0.6090 0.6038 
4.0 0.8378 0.6117 0.6166 0.6218 0.6208 0.6916 0.6762 0.6610 0.6427 0.6313 0.6232 0.6167 0.6016 0.4962 0.4917 0.4833 0.4746 0.4697 
4.6 0.6940 0.5699 0.6741 0.6790 0.6786 0.6619 0.6380 0.6163 0.6080 0.4976 0.4902 0.4843 0.4707 0.4868 0.4612 0.4627 0.4448 0.4403 

6.0 0.6664 0.6340 0.6377 0.6422 0.5423 0.6178 0.6060 0.4844 0.4778 0.4884 0.4616 0.4681 0.4437 0.4389 0.4347 0.4380 0.4190 0.4148 
5.6 0.6237 0.6028 0.6O02 0.6104 0.6107 0.4881 0.4762 0.4674 0.4616 0.4427 0.4363 0.4314 0.4200 0.4156 0.4114 0.4126 0.39'34 0.3923 
6.0 0.4961 0.4764 0.4786 0.4824 0.4831 0.4620 0.46O9 0.4330 0.4282 0.4201 0.4141 0.4096 0.3990 0.3947 0.3907 0.3919 0.3764 0.3725 
6.6 0.498 0.4612 0.4640 0.4677 0.4686 0.4389 0.4284 0.4124 0.4076 0.3999 0.3943 0.3900 0.3802 0.3762 0.3723 0.3734 0.3686 0.3649 
7.0 0.4472 0.4200 0.4322 0.4367 0.4397 0.4182 0.4084 0.3936 0.3889 0.3618 0.3766 0.3726 0.3633 0.3696 0.3566 0.3668 0.3426 0.3390 

8.0 0.4087 0.3927 0.3960 0.3982 0.3994 0.3829 0.3741 0.3610 0.3571 0.3607 0.3469 0.3424 0.3343 0.3309 0.3273 0.3282 0.3160 0.3118 
9.0 0.3770 0.3923 0.3844 0.3673 0.3687 0.3637 0.3467 0.3340 0.3306 0.3249 0.3206 0.3173 0.3100 0.3070 0.3036 0.3044 0.2921 0.2891 

10.0 0.3504 0.3368 0.3387 0.3414 0.3429 0.3292 0.3218 0.3113 0.3083 0.3030 0.2990 0.2961 0.2896 0.2868 0.2836 0.2843 0.2727 0.2699 
11.0 0.3277 0.3161 0.3168 0.3193 0.3208 0.3082 0.3014 0.2919 0.2891 0.2843 0.2806 0.2780 0.2719 0.2694 0.2662 0.2669 0.2661 0.2636 
12.0 0.3082 0.2994 0.2979 0.3003 0.3018 0.2901 0.2838 0.2760 0.2726 0.2681 0.2847 0.2622 0.2666 0.2643 0.2612 0.2619 0.2416 0.2392 

16.0 0.2627 0.2627 0.2640 0.2660 0.2676 0.2479 0.2427 0.2368 0.2337 0.2301 0.2272 0.2262 0.2206 0.2188 0.2160 0.2168 0.2077 0.2067 
20.0 0.2132 0.2062 0.2061 0.2078 0.2094 0.2018 0.1976 0.1923 0.1909 0.1881 0.1669 0.1843 0.1808 0.1796 0.1771 0.1776 0.1703 0.1886 
26.0 0.1811 0.1743 0.1761 0.1766 0.1780 0.1717 0.1983 0.1640 0.1029 0.1608 0.1688 0.1575 0.1646 0.1638 0.1616 0.1619 0.1467 0.1443 
30.0 0.1684 0.1626 0.1632 0.1644 0.1668 0.1604 0.1476 0.1439 0.1430 0.1411 0.1396 0.1384 0.1360 0.1362 0.1332 0.1336 0.1281 0.1269 
36.0 0.1414 0.1362 0.1368 0.1379 0.1393 0.1346 0.1319 0.1298 0.1281 0.1264 0.1249 0.1240 0.1219 0.1213 0.1196 0.1198 0.1149 0.1139 

40.0 0.1283 0.1236 0.1241 0.1261 0.1264 0.1221 0.1198 0.1171 0.1164 0.1149 0.1136 0.1128 0.1109 0.1104 0.1087 0.1090 0.1046 0.1036 
46.0 0.1177 0.1134 0.1139 0.1148 0.1160 0.1121 0.1100 0.1078 0.1070 0.1067 O.lO45 0.1037 0.1020 0.1016 0.1001 0.1003 0.0983 0.0964 
60.0 0.1090 0.1060 0.1066 0.1063 0.1076 0.1039 0.1020 0.0898 0.0993 0.0980 0.0989 0.0963 0.0947 0.0843 0.0929 O.OS31 0.0894 0.0886 
66.0 0.1017 0.0980 0.0994 0.0992 O.lCX33 0.O970 0.0963 0.0932 0.0928 O.OSl6 0.0906 O.OSOO 0.0886 0.0882 0.0869 0.0871 0.0838 0.0829 
60.0 0.0966 0.0920 0.0926 0.0932 0.0943 0.0012 0.0896 O.OBTT 0.0872 0.0862 0.0862 0.0047 0.0833 0.0830 0.0817 0.0820 0.0787 0.0780 

E:i 
so:0 

.OPO18 .09652 .07778 .08691 .06243 .07497 .08730 .08180 .07631 .08800 .08340 .07692 .08?02 .08446 .07Q96 .OSElO .08169 .07436 .08467 .O9026 .073OI .08283 .07863 .07182 .08244 .07826 .07136 .08148 .07736 .07049 .08058 .07661 .08973 .08003 .076S9 .06927 .07880 .07484 .06824 .07862 .07468 .06802 .07731 .07343 .06697 .07X2 .07363 .06716 .07441 .07068 .08447 .07376 .07008 .08391 

.071S0 .00902 A9933 .01989 .07079 .09849 .OS730 .OWOl .06673 .064PS .06430 .06388 .06296 .06276 .06178 .06196 .06948 .05897 
100.0 .O9963 .OS414 .O9443 .O9496 .Ol678 .0638P so6269 .06141 .06116 .08048 .06964 .06846 .06860 .06844 .06762 .06769 .05639 .05492 

160.0 .06065 .04873 .04895 .04936 .06OO3 .04846 .04767 .04S86 .04688 .04620 .04671 .04643 .04482 .04470 .04401 .04414 .04238 .04203 
200.0 .04200 .04002 .04O63 .04090 .04166 .04027 .039#3 .OJBPS .03898 .0384I .038O9 .03786 .03737 .03726 .03670 .03681 .03633 .03515 
260.0 .03702 .03676 .03637 .036.06 .03620 .03618 -03483 .03422 .03424 .03306 -03336 .03330 .03293 .03269 .03217 .03228 .03206 .03104 
300.0 .03360 ..03242 .03206 .03216 .032@5 .03191 .03160 .03106 .03108 .03073 .0302S .03023 .O2991 .02970 .02923 .02933 .02912 .02821 
360.0 .03104 .029P8 .02907 .02977 .03022 .02963 .02924 .02876 .02677 .02846 .02606 .028OO .02770 .027bi .02708 .02717 .02697 .02816 

400.0 .02912 .02813 .02784 .027S4 .02836 .02772 .02746 .02699 .02702 .02672 .02834 .0263O .02603 .02586 .02646 .02&J .02633 .02467 
460.0 .02702 .029S8 -02641 .02660 .02691 .02630 .02SO4 .02661 .026S4 .02636 .02601 .0249S .02471 .024&4 .02416 .02424 .02406 .02334 
50Q.0 .0261;1 .02661'.02627 .02636 .02674 .02617 .02491 -02461 -02464 .02427 .02394 .02389 .02366 .02349 .02313 .02321 .023Oi .02236 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RANGE IN OXITS OF I!G/so QI BE 101s 
4 

e/n BE C Ri 
4 4 12 

.*..*~**..*.***.*..*****... 
3:: Il.212 8.390 10:823 7 970 11 14:228 073 

3.6 14.382 13.SOS 17.749 
4.0 17.894 14.302 21.831 
4.6 21.747 20.607 26.887 

AL SI CA TI CR FE BI al GE SE 
13 14 20 22 24 24 28 29 32 34 

+.*,.***.**...l..**+..*..*...*~***~.*..******...*.*..**....*.....*..*~ 
11.000 10.760 12.663 13.680 14.323 14.870 16.390 16.680 18.630 17.130 
14.271 13.346 16.927 17.434 18.317 18.946 19.628 20.073 21.20% 21.964 
17.919 17.608 19.680 21.716 22.742 23.464 24.096 X.919 28.299 27.241 
21.940 21.431 23.806 26.411 27.691 28.390 29.084 30.211 31.862 33.044 
26.327 26.710 28.298 31.617 32.867 33.744 34.490 36.343 37.443 39.296 

SR ZR HO RR 
38 40 42 46 4? 

.**..**..*****.**....*...*.*...~... 
18.000 18.370 18.727 19.314 19.800 
22.910 23.308 24.928 26.193 
28.308 28.736 

P .S24 
9.419 31.032 31.104 

34.188 34.647 36.608 37.822 37.627 
40.642 41.033 41.077 44.890 44.463 

6.0 26.93 24.42 30.46 31.08 30.34 33.16 37.03 38.63 39.62 40.30 42.11 44.32 46.01 47.36 47.89 49.12 62.23 61.87 
i*E 

4:s 

30.46 36.29 X3.16 28.63 36.39 40.44 41.64 3.3.18 36.31 40.83 38.38 43.93 42.94 49.24 44.42 61.10 46.89 62.27 48.62 63.14 48.70 66.71 61.23 68.67 80.80 63.18 82.38 64.84 82.97 66.20 84.61 66.44 68.71 60.24 68.17 69.78 

40.46 37.96 4S.27 47.44 4S.18 49.84 66.92 67.97 69.26 40.16 S3.13 0.34 88.84 70.64 71.18 73.04 77.63 ‘77.03 
7.0 46.94 43.06 62.21 63.69 62.27 66.09 43.00 86.24 SS.82 47.66 70.97 74.64 77.34 79.18 79.84 81.92 84.99 88.36 

8.0 67.86 64.12 86.08 80.90 46.22 89.41 78.27 80.92 82.62 83.60 87.86 92.20 96.66 97.73 98.46 101.01 107.06 108.38 

lo".: 
II:0 

71.00 86.38 79.86 86.33 79.24 Q4.87 97.61 81.66 79.47 94.98 100.41 84.46 113.24 96.03 llS.JS S8.10 118.83 89.93 100.96 119.86 128.33 106.32 132.42 111.61 116.83 137.27 139.90 117.98 118.77 140.76 X21.82 $44.32 162.29 128.82 128.21 161.79 
100.96 W.07 111.34 114.76 111.74 118.06 132.87 136.87 139.18 140.12 147.87 164.92 180.63 163.48 144.37 188.49 177.41 177.09 

12.0 II7.73 109.68 129.24 133.16 129.71 134.74 163.91 168.41 180.94 162.00 170.90 178.98 186.38 188.41 189.69 194.27 104.16 204.07 

16.0 176.0 182.6 190.1 196.2 190.8 200.2 226.2 231.3 234.7 236.8 248.7 280.2 289.3 273.6 274.4 281.1 293.9 294.9 
20.0 291.9 271.1 314.6 324.8 316.7 329.6 370.3 379.6 584.3 384.8 408.4 424.4 438.9 444.7 448.1 468.1 473.4 477.6 
26.0 437.4 404.3 488.6 481.7 487.8 488.8 644.6 669.2 666.7 666.4 697.1 423.4 843.8 861.4 663.0 MS.8 489.0 897.1 
30.0 808.1 640.9 S44.8 446.6 844.1 870.8 762.3 789.0 n7.2 776.9 819.3 864.8 882.1 891.7 893.4 911.4 938.4 961.7 
36.0 803.3 740.1 847.7 876.2 849.3 880.3 988.6 1007.6 1017.6 1014.9 1071.8 1117.6 1162.7 1184.0 1186.7 1188.3 1220.1 1239.7 

40.0 1022.3 941.0 1074.9 1109.7 1078.8 1114.4 1248.0 1273.4 1286.7 1281.3 1362.8 1410.2 1464.1 1467.2 1488.8 1,446-Z 1633.0 1669.7 
46.0 1284.6 1143.0 1326.6 13SS.2 1327.1 1372.2 1636.8 1686.6 1680.6 1674.2 1681.9 1731.7 1786.1 1800.0 1601.4 1834.0 1876.8 1910.4 
60.0 1619.1 1406.6 1698.7 1860.1 1400.1 1663.0 1849.1 1886.1 1901.3 1892.7 1997.9 2081.3 2144.8 2141.6 2182.7 2000.7 2247.8 2290.9 
66.0 1816.6 1447.8 1893.8 1964.6 1896.0 1964.0 2187.1 2228.8 2247.1 2138.1 2380.1 2467.9 2632.6 2660.9 2661.7 2696.3 2647.6 2700.1 
60.0 1123.2 1943.4 2210.2 2280.8 2211.1 2280.8 2649.1 2698.8 2817.4 2803.6 2747.8 2880.9 2947.1 2987.2 2947.6 3917.0 3374.8 3137.2 

86.0 2462. 2260. 2648. 2s27' 2988. 3011. 2994. 3180. 3289. 3348. 3410. 3446. 3629. 3301. 
70.0 2800. ::t:. 

%2' 

3S7S: 

%P 

3796: 
2906. 2993. 

iE. 

4226: 
2%: %:: 3408. 3694. 3743. 3466. 

24;. 

4489: 
3877. p3;: 4008. 

80.0 3664. 4722. 4882. 4888. 6043. ‘Ei: 
90.0 4389. 4021: 4628. 4670. 

g;B”. 

6448: 

27;. 

6698: 
6193. 6282. 6317. 

;;X’f: ;:I;. 

4888 : Z: 
6988. 8079. 4173. 4306. 

100.0 6293. 4848. 6460. 6421. 4242. 8347. 4387. 6341. 7180. y”9”2: ps&. . 7288. 7397. 7666. 

160.0 10824. 9496. 11066. 11397. 11043. 11324. 12407. 12806. 12872. 12781. 13463. 13981. 14387. 14428. 14406. 14688. 14781. 16084. 
200.0 17864. 18276. 18120. 18881. 18114. 18638. 20623. 2093%. 21018. 20813. 21943. 22410. 23310. 23609. 23442. 2373%. 23884. 24498. 
260.0 2’3142. 23747. 10374. 27200. 26440. 2SQS3. 23989. x)629. 30614. 30198. 31838. 32468. 33897. 34107. 34018. 34488. 34487. 36466. 
300.0 35473. 32168. 36046. 3S769. 38789. 36418. 40498. 41406. 41162. 40711. 42924. 43918. 46334. 46971. 46830. 48477. 48310. 47709. 
360.0 46710. 41379. 46799. 47248. 46026. 48786. 61992. 63341. 62808. 62207. 66042. 68231. 68080. 68937. 68733. 69692. 69246. 81084. 

400.0 6S741. 61316. 68724. 68626. 
460.0 88474. 61881. es330. 70606. 
600.0 83827. 73004. 80637. 43108. 

. . ..****...*.*...~*C~~**~~**~**.**. 
E/P SN TE BP LA 

60 62 64 67 
l ~..t~...*......*l...*~***.*******. 

67038. 67898. 
S8730. 89708. 
81028. 82140. 

~+..*..**.*t*t. 
PR !a 

69 82 
l . .* .  .  .  .  .  .  l .*. 

2.6 20.72 21.43 23.00 23.40 24.20 26.36 

3”:: 
24.44 27.40 28.91 29.26 30.09 31.66 
32.70 33.93 36.38 36.88 36.63 38.33 

2: 
39.49 41.02 42.41 42.46 43.61 46.68 
46.81 48.44 49.98 60.16 61.02 63.64 

S4363. 46181. 85319. 44664. 88069. 49484. 71733. 72868. 72688. 73470. 73136. 76438. 
TT476. 79767. 78400. 77843. 81867. 83607. 88239. 87821. 87279. 88698. 87882. 90863. 
31271. 9QO37. 92667. 91432. 98374. Q8248.1Ol482,1O3118.lO27O8.1O42S9.1O3328.1O8S27. 

~*..*.+.C***.********..*~*~**.*.**.*.*.**~*****.****,***.*.*~.*.....**.******..*..** 
CD RO l?l LU TA RE IR AU PB 81 TN 

44 47 se 71 73 76 77 79 82 83 90 92” 
~*..***********~***********.....***.*.*~.**.*.**.**.****..~***.****.**..~...*...*.*. 

28.04 24.96 27.61 28.06 28.82 29.22 29.82 30.34 31.06 31.30 33.43 34.11 
31.42 33.47 34.36 36.06 36.74 36.44 37.28 37.90 X.48 34.86 41.29 42.06 
39.34 40.97 41.77 42.86 43.48 44.28 46.36 44.04 46.84 47.08 49.81 60.86 
44.91 48.86 49.78 60.83 61.78 62.47 64.03 64.83 66.73 66.89 68.97 69.91 
66.00 67.30 68.38 69.69 60.86 81.87 83.29 84.20 46.18 46.32 68.77 89.81 

2: 
4:o 

82.98 64.84 86.43 6~3.81 155.71 68.08 86.76 68.19 87.82 69.08 01.94 70.92 43.84 72.82 86.32 76.88 87.49 Tl.19 44.91 70.80 70.12 80.18 71.26 
81.40 

73.14 83.67 74.18 84.70 76.24 76.34 79.20 80.36 
86.89 71.82 86.98 90.26 91.61 74.70 76.88 76.82 78.48 80.40 82.63 86.99 87.43 89.24 90.76 

92.11 94.67 96.82 97.11 
8.6 81.18 

97.16 101.90 103.28 
84.42 86.62 86.40 88.26 90.39 92.77 98.83 98.10 100.22 101.89 103.38 108.13 107.60 108.92 

7.0 30.98 
108.92 114.16 116.48 

Q4.66 96.88 96.48 96.30 100.90 103.64 107.81 109.61 Ill.74 113.67 116.19 118.24 119.74 121.28 121.26 127.00 128.84 

8.0 112.1 114.0 117.6 117.1 117.9 123.4 128.8 131.7 133.7 138.4 138.6 140.4 144.1 146.9 147.7 147.4 164.4 168.4 
9.0 136.0 140.6 lQl.2 140.7 141.4 147.9 161.8 167.7 169.9 183.0 186.8 167.7 172.1 174.1 178.3 178.1 184.1 186.4 

10.0 169.8 186.3 166.9 184.1 188.7 174.3 178.4 186.8 188.1 191.8 194.7 197.1 202.1 204.6 207.0 206.7 218.0 218.8 
11.0 188.4 193.9 194.4 193.4 193.8 202.4 207.8 216.6 218.3 222.4 226.8 228.6 234.2 238.9 239.7 239.4 260.1 263.0 
12.0 214.7 223.4 223.7 222.6 222.8 232.7 238.3 247.2 260.4 266.0 268.8 281.9 288.3 271.3 274.8 274.1 284.3 289.4 

16.0 310.0 322.4 322.2 320.2 320.0 333.7 341.8 363.7 367.7 384.1 389.3 373.4 382.2 388.1 390.9 407.3 411 .S 
20.0 601.4 621.3 620.2 616.6 616.0 

340.1 
636.2 648.4 644.4 672.1 681.8 689.7 696.8 408.9 814.4 422.3 

26.0 731.4 
020.9 448.0 864.9 

780.2 168.0 761.0 749.1 779.0 798.2 820.8 828.2 841.8 862.8 8S0.8 879.0 888.6 898.1 934.7 944.6 
2:: 1299.1 997.8 

894.0 
1033.9 1349.7 1033 1344:s 6 1026 1334:s 9 1020.0 1326.1 106% 1374:s 4 1082.6 1406.8 1114 1446:s 6 1123 1466:s 4 1141 I47S:O 3 1166.9 1497.4 1144.4 1130 1 

1610.6 1640:3 
1199 7 
1661:s 

1216.8 1712 7 
1671.9 18SS:l 

1286.0 1277 9 
1838.6 1462:9 

40.0 1634. 1897. 1491. I87S. 144s. 1728. 1784. 1813. 1863. 1874. 1892. 1928. 1941. 1988. 
46.0 

1963. x)47. 2048. 
2000. 2078. x)70. 2064. 203s. 2167. 

:“l;“o. 
2262. 2289. 2308. 

60.0 
2361. 2347. 

2491. 2481. 2462. 
66.0 

:z. 

3283: 
2934. 

iTi2 . 
2800. 

:t;: 
::::. 

2980: 
%i: 

i% 

3114: 
2447 : 2704. 2737. 2769. 2809. 2827. 

3334: 
313s. 3179. 3217. 3243. 3301. 

40.0 
3321. 

3409. 3388. 3468. 3617. 3SMi4. 3S37. 3888. 3730. 3769. 3826. 3847. 

86.0 3748. 3912. 3834. 3846. 
70.0 

4044. 4224. 4273. 4308. 4381. 4406. 4489. 4468. 4847. 4690. 
4281. 4444. 4416. 4391. 

i!zi. 

crS8: 

2%: :::c t:z. 
4791. 4848. 4883. 4947. 4993. 6067. 

1oo:o 8.: 6344. 
6064. 6247. 6317. 

6690. 6647. 6623. 4a4;. . 6814. 8182. 6737;. . s&33$. . 4%;. 8287: ::2 . 6901: 6936 : 8011. %. s126. 4228. T;X;. 8362. 6336. (Kio3. ii::: ii%. 7261. 7343. 7480. 7803. 7763. 7732. 8068. 486;; 

. 8871. 8779. LX378: 8941. 8088. 9126: 9284. 923%. 9827. 9714. 

160.0 16743. 14366. 16283. 14163. 16969. 14498. 17406. 17696. 200.0 26690. 14789. 17127. 17206. 17713. 17982. 18046. 18326. 19203. 2S64S. 2S440. 2S228. 19038. 26892. 213749. 27210. 
27833. 18449. 

16274. 

260.0 37041. 

27724. 
28146. 28433. 29048. lSi42. 

3439%. 
300.0 

38366. 
29694. 

3S048. 37638. 38782. 39380. 40103. 40226. 40870. 
4Q83S. 

41134. 41929. 42100. 42764. 
6lS48. 61764. 61386. 

41366. 
6OS7S. 

360.0 63804. 
62226. 62977. 63942. 64062. 64463. 66320. 66680. WJOO. 66677. 67442. 

46108. S83SS. 65849. S6026. 60807. 87807. 69028. 49114. 49894. 70760. 71072. 71968. 72348. 73482. 

400.0 460.0 78790. 81812. 82046. 81671. 80416. 82663. 83711. 86202. 86288. 80131. 87386. 87474. 88738. 89240. 90446. Q1791. 34279. 

600.0 

94672. 98063. m861. %8126. QS720. 99332.100669.102332.102399.103632.101913.106264.1W4~.107123.108808.108ilb3.110040.113087. 90368. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

11 
m6cCTnO6IC 3TOPPI6Q POu6R 16 u61rs OF n6v/m/sQ a0 B 101s 

6 

*’ * 4 2 2 13& .*....+..*.+*.L*..*.*.**.****....** 
3:: 2.688 2.294 2.?34 2.432 1.302 2.000 2.220 1.988 

2.O84 2.194 1.886 1.801 
1.879 1.000 I.707 I.849 
1.726 1.840 I.676 1.621 

SI 
I4 

. ..*+.* 

3% 
I:846 

::S: 

c4 
20 

.I..... 

x: 
I:762 
1.8O7 
I.486 

I .  

t !O 
42 

I.**.** 
1.409 
1.283 

:%i 
1:019 

Bll 
46 

I.. . . . ., 

:*:t: 
p; 

0:eso 

I .  

4P 
I..... 
I.327 

:% 
1:osa 
0.987 

i:: 
1.698 1.708 I.483 I.413 1.449 I.383 1.219 1.163 I.184 1.168 1.091 I.OlI 1.002 0.988 0.982 0.966 0.894 0.907 
I.488 1.691 1.398 1.320 1.366 1.194 1.142 1.109 1.092 1.086 1.026 0.978 0.942 0.928 0.914 0.899 0.848 0.866 

3 
1.392 1.491 I.283 1.240 1.273 1.216 1.074 1,046 I.019 1.034 0.967 0.923 0.890 0.877 0.873 0.860 0.802 0.809 

7:o 
I.JoS 1.404 1.210 I.109 I.201 I.I49 1.016 0.980 0.974 0.909 0.916 0.874 0.843 0.831 0.828 0.807 0.784 0.768 
1.238 I.327 1.146 I.107 1.137 1.089 0.943 0.938 0.924 0.921 0.870 0.831 0.801 0.791 0.766 0.786 0.729 0.731 

2X 
1.114 1.198 I.039 1.001 1.029 0.987 0.874 0.862 0.840 0.838 0.792 0.767 0.731 0.721 0.719 0.702 0.869 0.669 
1.016 1.094 0.947 0.918 0.942 0.904 0.801 0.782 0.772 0.77I 0.728 0.897 0.873 0.684 0.662 0.847 0.619 0.617 

:x 
0.934 1.007 0.874 0.846 0.889 0.836 0.74I 0.713 0.716 0.714 0.676 0.848 0.826 0.817 0.616 0.801 0.677 0.674 

12:o 
0.860 0.936 0.813 0.786 0.8O8 0.777 0.090 0.874 0.086 0.889 0.630 0.803 0.683 0.678 0.676 0.682 0.641 0.637 
0.807 0,872 0.769 0.734 0.766 0.727 0.648 0.831 0.624 0.834 0.691 0.698 0.647 0.641 0.640 0.628 0.610 0.606 

16.0 0.8743 0.7301 0.8370 0.8184 0.8349 0.8122 0.6460 0.6333 0.6277 0.6287 0.6002 0.4794 0.4846 0.4696 0.4687 0.4493 0.4361 0.4300 
20.0 0.6336 0.67B4 0.6077 0.4916 0.6068 0.4698 0.4398 0.4260 0.4240 0.4266 0.4017 0.3864 0.3747 0.3712 0.3708 0.3638 0.3661 0.3488 
26.0 0.4462 0.4840 0.4268 0.4112 0.4260 0.4116 0.3978 0.3006 0.3674 0.3681 0.34O0 0.3284 0.3187 0.3142 0.3140 0.3084 0.3021 0.2901 
30.0 0.3841 0.4180 0.3898 0.3670 0.3983 0.3670 0.3193 0.3134 0.3109 0.3128 O.ZBdI 0.2843 0.2780 0.2741 0.2740 0.2894 0.2946 0.2689 
36.0 0.3391 0.3996 0.3396 0.3194 0.3284 0.3188 0.1836 0.2784 0.2764 0.2780 0.2834 0.2630 0.2467 0.2442 0.2442 0.2403 0.2313 0.2311 

40.0 0.3048 0.3321 0.2941 0.2860 0.2942 0.2867 0.2669 0.2614 0.2498 0.2613 0.2381 0.2288 0.2223 0.2210 0.2211 0.2177 0.2144 0.2096 
46.0 0.2773 0.3Ol6 0.2694 0.3901 0.2896 0.2010 0.2338 0.2199 0.2283 0.2299 0.2179 0.2094 0.2036 0.2024 0.2026 0.1996 0.196? 0.1922 
60.0 0.2661 0.2784 0.2474 0.3398 0.2476 0.2408 0.2168 0.2122 0.2109 0.2114 0.2013 0.1936 0.1881 0.1872 0.1874 0.1847 0.1821 0.1780 
66.0 0.1306 0.2684 0.2.299 0.2239 0.2301 0.1239 0.2008 0.1976 0.1983 0.1978 0.1876 0.1803 0.1762 0.1746 0.1747 0.1722 0.1700 0.1881 
W.0 0.2210 0.2414 0.2161 0.2088 0.2163 0.2096 0.1681 0.1861 0.1940 0.1864 0.1768 0.1891 0.1843 0.1837 0.1839 0.1818 0.1698 O.lLbO 

66.0 0.2078 0.1269 0.2024 0.1983 0.2028 0.1974 0.1772 0.1743 0.1733 0.1747 0.1667 0.1694 0.1649 0.1644 0.1646 0.1626 0.1606 0.1472 
70.0 0.19CU 0.2143 0.1914 0.1868 0.1918 0.1887 0.1678 0.1860 0.1041 0.1866 0.1689 0.1610 0.1497 0.1462 0.1466 0.1446 0.1428 0.1396 
80.0 O.i770 0.1938 0.1732 0.1880 0.1734 0.1891 0.1619 0.1498 0.1488 0.1601 0.1414 0.1370 0.1332 0.1328 0.1330 0.1313 0.1298 0.1270 
90.0 0.1818 0.1771 0.1687 0.1640 0.1689 0.1661 0.1394 0.1373 0.1366 0.1378 0.1308 0.1269 0.1223 0.1221 0.1223 0.1208 0.1194 0.1189 

100.0 0.1496 0.1837 0.1489 0.1426 0.1472 0.1437 0.1292 0.1273 0.1267 0.1278 0.1213 0.1188 0.1136 0.1133 0.1136 0.1122 0.1109 0.1066 

160.0 0.1113 0.1221 0.1102 0.1089 0.1103 O.iO79 0.0972 O.oB68 0.0966 0.0986 0.0918 0.0862 0.0867 0.0867 0.0869 0.0860 0.0840 0.0826 
200.0 0.0912 0.1011 0.0814 0.0888 0.0908 0.0896 0.0806 0.0791 0.0793 0.0803 0.0781 0.0760 0.0726 0.0710 0.0713 0.07W 0.0711 0.0667 
260.0 0.0799 0.0883 0.0800 0.0776 0.0793 0.0784 0.0706 O.O886 0.0698 0.0706 0.0888 0.0868 0.0637 0.0624 0.0627 O.O817 0.0626 0.0604 
300.0 0.0717 0.0799 0.0722 O.OTOO 0.0717 O.OTO9 0.0638 0.0614 0.0630 0.0636 0.08O6 0.0696 0.0678 0.0666 0.0688 0.0669 0.0686 0.0648 
360.0 0.0880 0.0733 0.0680 0.0846 O.OS81 O.OS64 0.0689 0.0687 0.0681 0.0689 0.0669 0.0660 0.0632 0.0622 0.0626 0.0616 0.0623 0.0608 

.O8170 .08860 A8234 .08O39 .06180 .OOlZO .06611 .06317 .06446 .06617 .06238 .06148 ,04984 .04897 .04920 .04843 .04908 .04760 
%;i .06832 .O8477 .06899 .06716 .06860 .06796 .06219 .06039 .06168 .06227 .04981 .04877 .04722 .04841 .04884 .04691 .04863 .04604 

.06683 .O8178 .06832 .06466 .06691 .06633 .04984 .04616 .04927 .04996 .04742 .04869 .04612 .04437 .04469 .04390 .04448 .04307 

. . . . ..+.*...*.+*~.........*....*~*....***...~.*...*...*.~~...*...~.~*...*.**..*..**.**..**.~....*..~.*....*....*..*..~.....*..~*.*~~ 

"' ssT 62= 6? 61" 6BpR 62" MGD 876' @3gRI 71L" 7JT* ,6RE 7? 79*" 8ZpB 8gB1 90m 92" 60 
. . . ..*......I..*.*..~*.*..~..**......*..~*...*.*....~.....**..*.**.****.*.*.~~~~*.*.*.*.~.*.*.*..*.*.*....*.**.*........*.*....*.*.* 

i:: 
1.260 I.197 1.209 1.220 1.213 i.149 1.117 1.069 1.039 1.016 0.997 0.983 0.960 0.940 0.932 0.938 0.902 0.893 
1.146 1.097 1.107 1.116 1.112 1.066 1.027 0.978 0.981 0.939 0.924 0.911 0.882 0.672 0.866 0.888 0.838 0.628 

:?I 
1.068 1.012 1.021 1.029 1.027 0.977 0.961 0.907 0.893 0.873 0.860 0.849 0.823 0.814 0.807 0.809 0.779 0.771 

4:6 
0.981 0.940 0.948 0.968 0.964 0.909 0.888 0,047 0.634 0.816 0.804 0.794 0.771 0.782 0.768 0.768 0.729 0.722 
O.Sib 0.879 0.866 0.893 0.892 0.861 0.829 0.794 0.783 0.767 0.766 0.749 0.726 0.717 0.711 0,713 0.686 0.878 

6.0 0.8697 0.8261 0.8309 0.8378 0.8378 0.8000 0.7801 0.7404 0.7382 0.7236 0.7129 0.7040 0.8864 0.6780 0.8716 0.6736 0.6472 0.6406 
6.6 0.8107 0.7762 0.7836 0.7900 0.7906 0.7666 0.7370 0.7079 0.8987 0.8862 0.9762 0.8878 0.0499 0.6429 0.6366 0.6386 0.6134 0.8071 
6.0 0.7676 0.7389 0.7417 0.7478 0.7487 0.7191 0.69B8 0.8720 0.8837 0.9611 0.8418 0.63346 0.8183 0.6117 0.6066 0.6073 0.6833 0.6773 
6.6 0.7291 0.7OO2 0.7O46 0.7103 0.7116 0.8610 0.6848 O.MOO 0.8323 0.0206 0.6118 0.6061 0.6899 0.6837 0.6777 0.6794 0.6683 0.6606 
7.0 0.8947 0.8873 0.8714 0.8788 0.9784 0.0496 0.0343 0.6112 0.6041 0.6930 0.6848 0.6786 0.6843 0.6684 0.6626 0.6642 0.6320 0.6206 

8.0 0.8368 0.8109 0.6144 0.8194 0.6213 0.6966 0.6818 0.6016 0.6664 0.6466 0.6381 0.6326 0.6199 0.6147 0.6091 0.6106 0.4899 0.4849 
9.0 0.6870 0.6842 0.6073 0.6719 0.6741 0.660 0.6383 0.6201 0.6148 0.6O68 0.4991 0.4941 0.4627 0.4780 0.4726 0.4740 0.4648 0.4601 

10.0 0.6490 0.6249 0.6277 0.6330 0.6343 0.6129 0.6016 0.4861 0.46O3 0.4722 0.4880 0.4814 0.4611 0.4488 0.4417 0.4429 0.4249 0.4206 
11.0 0.6110 0.4913 0.4939 0.4S78 0.6002 0.49O6 0.4700 0.4661 0.4608 0.4433 0.4376 0.4334 0.4239 0.4200 0.4161 0.4162 0.3992 0.3962 
12.0 O.IBoT 0.46'22 0.4648 0.4883 0.4708 0.4626 0.4427 0.4290 0.4161 0.4182 0.4118 0.4089 0.4002 0.3989 0.3919 0.3929 0.3769 0.3731 

16.0 0.4100 0.3946 0.3984 0.3998 0.4021 0.3870 0.3788 0.3878 0.3840 0.3691 0.3648 0.3616 0.3444 0.3416 0.3372 0.3381 0.3243 0.3210 
20.0 0.3330 0.3206 0.3220 0.3246 0.3270 0.3161 0.3087 0.3004 0.2982 0.1939 0.3903 0.2879 0.2824 0.2804 0.2766 0.2774 0.26'30 0.2634 
26.0 0.2828 0.2723 0.2738 0.2767 0.2781 0.2962 0.2829 0.2602 0.2646 0.2610 0.2480 0.2480 0.2418 0.2400 0.2367 0.2373 0.227'3 0.2264 
30 0 
36:0 

0.2474 0 2383 0.1394 0.2413 0.2436 0.2360 0.23O4 0.2346 0.2236 0.22W 0.2179 0.2162 0.2124 0.2112 0.2062 0.2087 0.2002 0.1983 
0.2210 0:2128 0.2138 0.2166 0.2178 0.2101 0.2061 0.2013 0.2001 0.1976 0.1962 0.1938 0.1906 0.1894 0.1867 0.1872 0.17% 0.1779 

40.0 0.2004 0.1930 0.1939 0.1964 O.I874 0.1907 0.1871 0.1829 0.1819 0.1796 0.1776 0.1782 0.1733 0.1724 0.1699 0.1703 0.1634 0.1619 
46.0 0.1839 0.1771 0.1779 0.1794 0.1812 0.1762 0.1719 0.1881 0.1872 0.1861 0.1632 0.1821 0.1694 0.1687 0.1663 0.1697 0.1604 0.1490 
60.0 0.1'103 0.1941 0.1848 0.1661 0.1879 0.1823 0.1694 0.1669 0.1661 0.1632 0.1616 O.lCM 0.1480 0.1474 0.1461 0.1466 0.1397 0.1304 
66.0 0.1689 0.1631 0.1638 0.1661 0.1688 0.1618 0.1488 0.1467 0.1449 0.1432 0.1418 0.1408 0.1384 0.1376 0.1367 0.1381 0.1306 0.1296 
-0.0 0.1492 0.1438 0.1446 0.1468 0.1473 0.1424 0.1399 0.1370 0.1383 0.1347 0.1332 0.1323 0.13O2 0.1297 0.1277 0.1281 0.1229 0.1216 

86.0 0.1409 0.1368 0.1384 0.1376 0.1391 0.1346 0.1321 0.1294 0.1288 0.1273 0.1269 0.1260 0.1231 0.1227 0.1208 0.1211 0.1183 0.1162 
70.0 0.133b 0.1368 0.1294 0.1304 0.1320 0.1378 0.1264 0.1229 0.1223 0.1209 0.1196 0.1187 0.1189 0.1186 0.1147 0.1161 0.1104 0.1096 
80.0 0.1216 O.IITl 0.1177 O-II88 0.1301 0.1182 0.1142 O.IlIS 0.1114 0.1101 0.1090 0.1082 0.1068 0.1083 0.1018 0.1049 0.1007 0.0999 
90.0 0.1119 0.1078 0.1083 0.1092 0.1106 0.1070 0.1062 0.1031 0.1027 0.1018 0.1006 0.0999 0.0994 0.0981 0.0996 0.0999 0.0929 0.0921 

100.0 0.1040 0.1002 O.IOOT 0.1016 0.1028 0.0996 0.0978 0.0900 0.0960 0.0946 0.0936 0.0929 0.0918 0.0913 O.OBS9 0.0901 0.0886 0.0868 

160.0 .07898 .07816 .07848 .07711 .07818 .07672 .07448 .0732Q .07193 .07218 .07143 .07099 .07003 .06984 .08876 .08897 .06622 .06687 

E8:fJ .08673 .06786 .08347 .06687 A8348 .06638 .OMOO .ObbfI A8494 .06868 .06292 .06499 A8192 36442 .09093 .06347 SW72 .06360 A6013 .06290 .ObSbl .06212 .06918 .06203 .06839 .06148 .06822 .06108 .06734 .06027 .06762 .06044 .06877 .06009 .06493 .04860 

%:8 .06244 .04860 .06096 A4884 .06010 .04836 .06027 .04961 .06103 .04721 .04980 .048I4 .04937 .04688 .04862 .O4491 .048M .04496 -04802 .O4448 .04732 .04382 .04724 .?4376 .04873 .04329 .01640 .04299 .04687 .04231 .04683 .04246 .04660 .04214 .04408 .04086 
.I 

EE 
6OO:O 

.04660 .04316 .04396 .O4180 .04360 .O4127 .04386 .O4141 .04431 .042O4 .04332 .04110 -04288 .04089 .04217 .04002 .04221 .04006 .03983 .04176 .04116 .03907 .04IOS .03900 .04O87 .03881 .03836 .04039 .03976 .03778 .03788 .03989 .03968 .03767 .03839 .03647 
.04127 .03987 .03948 .03-l .04022 .03932 .03892 .03829 .03834 .03792 .03740 .03733 .03898 .03871 .038¶6 .03829 .03696 .03492 

c 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

RAICE II ulIT.5 OF IWSQ QI 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

11 
B IDES 

E/A 943 
ec 12 

ui AL SI CA II CR n II 
4 13 14 20 22 24 26 26 

. . . . . ..~.....*.....*...*.....***...*.*.*..~*...***.*...***.*~.***......**.... 

::t 7.100 9.363 6.760 8.887 11.939 9.409 11.973 9.360 11.703 9.140 10.707 13.416 11.690 14.686 12.229 16.437 12.700 16.974 13.160 16.476 
3.6 11.896 il.271 14.748 14.863 14.646 16.411 16.104 18.971 19.678 20.124 
4.0 14.692 13.900 lf.a32 la.079 17.064 19.692 21.839 22.828 23.603 24.094 
4.6 17.761 16.770 21.190 21.666 21.066 23.266 26.888 27.004 27.761 26.381 

6 

al GE SE Sit ZR HO Rn 
29 32 34 36 40 42 46 4;” 

*..***~...*+******~....***.***.**.******.*.~...*....*.. 
13.400 14.200 14.880 16.397 16.710 16.012 
16.930 

i6.613 
17.912 18.638 

16.930 
19.344 19.661 

20.802 
20.111 21.028 

21.980 22.780 
21.269 

23.660 24.021 24.666 
26.013 

26.909 
a.400 l7.383 

26.997 
26.341 28.727 29.432 31.166 

29.660 31.169 32.343 
31.111 

33.363 33.794 34.646 38.787 36.608 

E:E 21.07 24.64 23.22 19.88 28.71 24.62 2S.34 26.31 26.64 24.72 31.21 27.09 34.91 30.26 36.30 31.60 37.20 32.32 37.90 32.98 34.44 38.26 37.66 36.79 39.22 40.22 42.74 42.48 

82 
39.64 41.74 43.32 44.64 46.00 46.16 4S.06 48.73 

7:o 
28.47 32.66 28.79 30.69 32.87 37.26 33,44 38.21 32.63 37.29 36.80 40.26 46.16 39.66 46.63 41.41 42.39 47.66 43.12 46.64 46.17 47.63 49.33 SO.64 61.13 62.46 66.74 66.36 
38.87 34.62 41.96 43.06 42.00 46.17 60.72 62.64 63.48 64.44 67.19 61.02 63.66 66.48 67.08 67.40 69.10 62.77 62.33 

60.11 42.37 83.67 84.41 66.09 70.16 69.47 

8.0 48.28 43.34 62.07 63.62 62.18 66.80 42.72 04.07 68.18 47.00 70.44 
9.0 

73.99 74.76 78.46 79.06 81.09 85.91 66.42 

10.0 
66.41 62.96 63.19 66.01 83.36 67.44 76.66 76.36 79.86 80.70 64.96 97.43 
67.91 83.47 76.29 77.63 76.63 80.13 80.16 93.00 94.47 96.64 100.66 

69.16 92.44 g4.36 96.00 103.01 102.66 

11.0 
106.64 109.42 111.66 112.26 116.09 121.43 121.06 

12.0 
80.16 74.61 88.37 91.06 88.47 93.80 106.64 106.77 110.63 111.60 117.66 123.20 127.66 
93.32 87.00 102.39 106.66 102.76 108.46 122.06 126.46 127.71 128.67 136.60 

130.02 130.77 134.04 141.12 140.90 
142.06 147.14 149.74 160.64 164.26 142.08 142.06 

16.0 136.3 128.6 160.1 164.6 160.4 168.1 177.9 182.8 166.4 186.2 196.4 20.0 230.6 213.8 247.6 266.6 248.3 269.3 291.4 298.7 302.4 233.2 206.7 212.8 214.2 217.1 222.3 232.3 
26.0 344.0 318.1 386.4 378.3 387.4 382.4 429.3 439.3 444.6 374.1 303.0 320.0 334.4 346.4 360.3 361.4 369.2 373.0 

30.0 
444.3 489.2 469.9 606.9 612.0 613.2 624.1 641.6 647.9 

477.4 440.8 606.7 622.1 604.8 626.4 690.4 803.6 609.9 609.0 36.0 830.2 681.0 884.6 660.1 886.8 690.3 773.6 790.0 798.0 747.1 843.1 671.0 692.6 499.9 701.3 716.6 734.7 
796.9 840.4 874.6 904.1 913.0 914.4 932.1 967.1 972.4 

2: 601.8 991.1 738.3 912.1 1038.4 842.4 1071.8 669.4 1039.6 843.6 1076.1 673.4 1203.2 978.1 1227.3 998.3 1007.7 1238.4 1004.4 1060.4 1106.4 1139.6 1160.1 1161.4 1173.0 1201.8 1222.7 
60.0 1198.1 1lOl.a 1262.0 1292.3 1263.1 1294.7 1446.3 1474.6 1489.3 1462.7 1666.0 1437.2 1497.1 1233.6 1302.2 1364.9 1398.7 1410.6 1411.6 1470.0 
66.0 1422.2 l307.0 1482.9 1630.4 1483.8 1631.8 l712.7 1746.4 1769.8 1724.0 1740.8 1794.7 1430.3 1480.2 1493.3 1694.2 
60.0 1682.9 1627.4 1730.4 1786.6 1731.1 1786.6 1996.9 2033.3 2049.4 2032.7 2073.7 2114.8 1761.2 1848.3 1926.0 1983.4 1997.9 1998.6 

2038.4 2161.4 2240.2 2307.7 2323.4 2323.8 2362.4 2407.8 2464.7 

66.0 1920. 1743. 1994. 2066. 1996. 2064. 2297. 70.0 2193. 2012. 2274. 2344. 2274. 2343. 2417. 2670. 2870. 2713. 2763. 2820. 2340. 2368. 2344. 2474. 2676. 2463. 

FZ:: 
2644. 2884. 2469. 2816. 2930. 3018. 3036. 3036. 3084. 3138. 

3436. 2764. 3146. 2663. 3643. 2879. 3666. 2970. 2878. 2983. 4064. 3307. 3366. 4161. 3389. 3367. 3662. 38g8. 3827. 3883. 3947. 3204. 4031. 
100.0 4143. 3796. 4284. 4396. p4g:: p& 4884. 4987. 4998. f;m: 5403: 6823: 4768. 4832. 4936. 

4134. 4369. 4636. %2 4692. $8;. 

6234. 6443. 6426. 6703. 6769. 6912. 

160.0 6469. 7743. 8860. 8917. 8640. 8840. 9863. 200.0 10018. 10071. 9984. 10626. 10939. 11266. 11271. 13966. 12734. 14176. 14416. 14172. 14602. 16133. 11186. 11414. 11666. 11801. 

260.0 
16381. 16442. 14283. 17166. 17489. 18236. 16392. 18366. 

20461. 16679. 20632. 21 78. 20684. 21092. 23480. 23682. 23871. 
300.0 27760. 26166. 27684. 28 3 63. 27997. 28488. 31679. 32390. 32200. 

23422. 24908. 26648. 28341. 24482. 23411. 

360.0 36767. 32370. 36627. 36960. 38003. 36663. 40671. 
31647. 33679. 34364. 36446. 36984. 36649. 

41726. 41308. 40839. 43067. 43987. 46416. 48104. 46946. 

400.0 44367. 40143. 44373. 46761. 44417. 46290. 60340. 460.0 61754. 61096. 60601. 63239. 64339. 68113. 66993. 68783. 67629. 63664. 48408. 63461. 66149. 63744. 54634. 60406. 67210. 69012. 
600.0 62390. 61486. 80762. 84041. 46323. 87440. 88641. 88274. 69304. 69730. 83227. 67109. 63000. 66011. 83383. 84254. 71398. 73660. 70913. 

72403. 71623. 76366. 76649. 79384. 80470. 83343. 81644. 83402. 83628. 

~*..~**.....***.****....**....*.*.**.*.....~.***.****..*.*.**..**~.*..*...***.***~.*~**~.*.**.....****.*****....~....*~*.~.........* 
E/A SE TE 94 LA PR Sll CD HO ln LU TA 

60 
RE IR AU PB 91 ln 

62 66 67 69 62 64 67 49 71 92” 73 76 77 79 82 63 90 
. . . . . . 

2.6 
..~*.C.+C.*.*.***...*.*.*.*****.**......*~*.***.~.~.~..*.~~***.*..****.**~.*.**.*****.***....******...*****.*..*.*...***.~...* 

17.73 18.36 19.72 20.07 20.77 21.77 22.36 23.17 23.46 3.0 22.33 23.14 24.48 24.79 26.61 24.77 27.62 26.93 26.79 29.36 24.12 24.61 26.13 26.66 26.12 28.72 
3.6 28.68 29.16 29.76 30.34 30.96 31.66 32.20 32.66 27.34 26.36 29.66 29.93 x).67 32.19 33.09 33.04 36.13 35.76 
4.0 32.76 34.02 36.26 36.48 38.23 38.03 39.08 39.61 41.94 42.47 34.42 36.10 36.84 38.62 37.20 38.12 38.73 39.43 
4.6 38.66 40.08 41.27 41.43 42.19 44.29 46.61 48.43 49.26 60.06 40.70 41.48 42.36 43.14 43.91 46.03 46.72 48.48 

47.41 48.29 49.31 60.20 61.08 62.39 63.18 63.99 67.03 67.91 64.12 

s:o E 
44.76 48.64 47.68 47.60 46.66 60.96 62.36 64.66 66.63 66.70 67.70 68.64 60.19 61.06 61.96 42.08 66.29 66.26 
68.32 61.36 80.47 63.41 61.72 64.60 64.64 61.72 62.47 66.32 68.04 69.40 42.11 43.19 64.61 66.63 88.67 88.44 69.38 70.37 70.46 74.02 76.08 

4.6 46.62 67.27 70.09 71.27 72.76 73.99 76.12 77.l2 78.16 66.86 88.33 69.33 49.27 70.01 73.40 76.34 79.76 79.23 79.28 63.22 84.37 
7.0 76.48 81.40 62.77 84.00 73.41 76.38 77.33 77.21 77.93 88.23 67.36 88.64 88.66 92.86 94.13 

81.67 63.82 87.27 66.46 90.47 91.97 93.30 96.76 97.00 98.27 98.27 102.99 104.36 

t:o” 108.00 89.98 112.38 93.63 113.13 94.48 112.71 94.21 113.33 94.89 118.60 659.37 101.94 104 07 107 68 109 83 111 60 113.13 116 09 117 63 119 04 118 97 124 66 126 14 
10.0 127.46 132.61 133.26 132.47 133.21 139.31 142.80 163:31 166:47 167:46 139’73 141’46 141.36 147’69 149171 121.62 124:44 128127 130’79 132’64 134 60 138’07 
11.0 148.29 164.29 164.81 164.06 164.60 181.48 166.48 161:64 143:66 146:67 I46:38 l72:93 176.01 148.36 160.40 
12.0 171.79 174.04 177.37 180.06 170.60 177.38 177.78 176.86 177.18 166.08 162.26 186.82 166.96 191.26 1 91.01 199.66 202.00 

169.61 196.70 199.20 202.93 206.94 208.41 213.64 216.92 216.58 16.23 228.03 230.87 

16.0 246.1 266.0 266.0 263.4 263.3 Z!G 284.2 270.6 280.1 263.3 268.4 394.9 674.9 410.6 697.6 409.9 696.0 407.2 404.0 422.7 432.4 446.6 461.1 468.6 466.0 292.6 489.7 295.8 302.7 460.1 484.7 306.9 490.8 309.7 469.8 309.1 322.8 611.2 328 616’7 4 

%:: 
691.8 689.1 612.7 626.2 646.6 661.6 882.0 670.7 

tot9.0 783.4 1066.8 814.1 1066.1 811.6 1047.3 806.6 1040.6 801.1 832.3 860.2 876.3 882.7 894 6 so8 0 916 877.2 3 891.6 934 9 942 897.5 4 966 704.6 o 962 706.0 7 993 736.6 9 loo4 743:2 o 
1060.3 1103.1 1134.4 1143.3 1140:4 1176:2 1185:5 1206:9 1217:9 1234:s l231:6 1264:s l297;4 

3:: 1281. 1666. 1331. 1628. 1324. 1422. 1410. 1314. 13otl. 1697. 1366. 1384. 1421. 1432. 1471. 1484. 1612. 

t3o:o 20” 

1667. 1691. 1736. 1746. %3: 
1673. 1961. 1944. * 1913. 1943. :::i- 2023. 2076. 2119. 
2213, 2671. 2298. 2666. 2289. 2666. 2636: :;I: 2814. 2262. $3;. 2381. 2441. ::tt;. 2491. 2520: 

. 2762. 2830. 2848: 2887. 2921. 

66.0 70.0 3284. 

1oo:o 2.: 

3308. 3348. 3372. 3431. 3449. 3600. 3491. $2:. 3874. 

5149: 4163. 6217. 

6998. 7112. 7142. 7261. . 7636. 7803. 
6049. y;. 8307. 6366. 

160.0 l2333. 12794. 12740. 12638. 12487. 200.0 12907. 13137. 13401. 13442. 13616. 13747. 
260.0 

20026. 20789. 1086I. 20619. 20267. 13880. 14070. 14119. 14338. 14298. 14896. 24261: 15026 
20927. 21288. 21490. 21760. 22020. 22267. 26977. 30010. 30007. 29746. 29388. 22401. 22726. 22799. 23164. 23067. 23843. 

300.0 30324. 30807. 31376. 31488. J8967. 40404. 40488. 40197. 39643. 31617. 32180. 32341. 32802. 32934. 33447. 33346. 34196. 34946. 

360.0 
cK)866. 41443. 42199. 42266. 

49911. 61714. 61918. 61690. 60847. 42764. 4328l. 43480. 44044. 44260. 44963. w$l4. 46742. 48887 59846: 62340. 63044. 63Bg4. 64074. 64476. 66374. 666S8. 68281. 66696. 67464. 57303. 68323. 

m.0 
460.0 

4l634. 83649. tit60. 63611. 61900. 84467. 86464. 88460. 88714. 
600.0 87093. 90111. 906ce. 90347. 88046. 60989. 62069. 82338. 83308. 83798. 86117. 84847 gg896:101062.103~8. mo$o. 74067. 78710. 77172. 78768. 76660. 7?703. 87458. 84343. 88584. 69416. 69810. 70909. 70884. 71808. 73762 88484: 78883. 60060. 80102. 

91394. 9a493. 9410s. 94146. 95185. BbQae.. g8783. g7876. !%9487.1~015. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

eLBCTaLlIIC SfOPPIIG mm II UmITS OF n6vmGpQ M) 
12 

c 109s 
4 

.C*+C....I.+**..~....**...*.*~..~*.....***~..*..**.~.**...*..*~*...****..*.**....***.**.....***..*...**.**.**...**..~..~***.****.**. 
::i 

3.416 3.813 3.206 3.089 3.169 2.981 2.803 2.609 2.464 2.414 2.2?2 2.168 2.084 2.024 2.013 1.948 1.768 1.830 
3.221 3.408 2.887 2.786 2.860 2.898 2.382 2.281 2.238 3.206 2.077 1.976 1.892 1.869 1.848 1.791 1.434 1.493 
2.909 3.086 2.628 2.634 2.697 2.4S4 2.182 2.092 2.063 2.029 1.912 1.820 1.747 1.717 1.707 1.467 1.624 1.648 
2.464 2.821 2.413 2.329 2.387 2.249 1.994 1.932 1.898 1.879 I.772 1.488 1.422 1.696 1.687 1.641 I.428 1.481 
2.443 2.402 2.232 2.166 2.210 2.104 1.862 1.798 1.744 1.761 1.862 1.676 1.616 1.490 1.483 1.441 1.343 1.386 

:I8 
2.286 2.416 2.078 2.007 2.068 1.942 1.730 1.479 1.462 1.440 1.647 1.470 1.421 1.3PP 1.392 1.364 1.288 1.284 
2.113 2.264 1.944 1.878 1.928 1.840 1.823 1.677 1.663 1.643 1.464 1.390 1.339 1.319 1.313 1.279 1.202 1.216 

2: 
1.981 2.118 1.828 1.747 1.814 1.733 1.630 1.488 1.486 1.468 1.374 1.314 1.287 1.248 1.243 1.210 1.142 1.161 

7:o 
l.W6 1.997 1.714 1.888 1.713 I.038 l.U8 1.408 1.389 1.382 i.306 1.247 1.203 1.186 1.180 1.160 1.049 1.096 
1.763 1.890 1.836 1.681 1.824 1.664 1.376 1.339 1.320 1.316 1.242 1.187 1.146 1.129 i.124 1.098 1.040 1.044 

5:: 
1.692 1.709 1.482 1.433 1.473 l.412 1.260 1.218 1.202 l.lPS 1.133 1.083 1.044 1.032 1.028 1.003 0.967 0.964 
1.462 1.682 1.367 1.312 1.349 1.296 1.148 1.120 1.106 1.104 1.043 O.SP8 0.984 0.962 O.S49 0.924 0.887 0.884 

:z 
1.337 1.440 1.263 I.212 1.248 1.197 1.063 1.037 1.024 1.014 0.988 0.924 0.896 0.884 0.882 0.841 0.817 0.822 

1210 
1.240 1.337 1.146 1.127 1.169 1.116 0.990 0.987 0.966 0.966 0.803 0.886 0.837 0.828 0.824 0.800 0.774 0.770 
1.167 1.249 1.089 1.064 1.084 l.OU 0.928 O.Boo 0.898 0.897 0.848 0.812 0.788 0.777 0.776 0.768 0.732 0.724 

16.0 0.988 1.047 0.914 0.884 0.913 0.880 0.783 0.747 0.766 0.740 0.719 0.489 0.488 0.440 0.469 0.444 0.827 0.418 

Z:8 
0.747 0.832 0.730 0,707 0.729 0.704 0.828 0.414 0.610 0.412 0.679 0.664 0.639 0.634 0.633 0.623 0.611 0.602 

E: I: 

0.840 0.890 0.413 0.693 0.412 0.691 0.629 0.619 0.614 0.617 0.489 0.470 0.468 0.462 0.462 0.444 0.436 00.;;; 
0.663 0.001 0.631 0.614 0.630 0.614 0.440 0.461 0.448 0.460 0.424 0.409 0.397 0.396 0.394 0.388 0.381 
0.488 0.631 0.470 0.466 0.470 0.464 0.408 0.401 0.398 0.400 0.379 0.384 0.364 0.362 0.362 0.344 0.340 0:333 

40.0 0.4384 0.4779 0.4236 0.4104 0.4236 0.4114 0.3884 0.3820 0.3694 0.3418 0.3424 0.3296 0.3200 0.3142 0.3183 0.3134 0.3088 0.3017 
46.0 0.3991 0.4363 0.3884 0.3746 0.3888 0.3768 0.3387 0.3310 0.3288 0.3310 0.3137 0.3014 0.2930 0.2916 0.2917 0.2873 0.2832 0.2748 
W.0 0.3872 0.4007 0.3682 0.3463 0.3684 0.3467 0.3108 0.3068 0.3038 0.3068 0.2899 0.2787 0.2708 0.2494 0.2498 0.2469 0.1423 0.2663 
66.0. 0.3409 0.3719 0.3310 0.3209 0.3313 0.3224 0.2892 0.2844 0.2827 0.2848 0.2700 0.26P8 0.2623 0.2612 0.1616 0.2480 0.2447 0.1391 
W.0 0.3182 0.3476 0.3097 0.3003 0.3100 0.3019 0.2708 0.1446 0.2849 0.2470 0.2631 0.2434 0.2368 0.2367 0.2380 0.2327 0.2298 0.1246 

46.0 0.2989 0.3248 0.2916 0.2828 0.2918 0.2842 0.2661 0.2610 0.2494 0.2616 0.2386 0.2296 0.2231 0.2223 0.2224 0.2196 0.2189 0.2120 
70.0 0.2823 0.3086 0.2764 0.2873 0.2769 0.2089 0.2414 0.2370 0.2353 0.2383 0.2280 0.2174 0.2113 0.2104 0.2109 0.2081 0.2066 0.2011 
80.0 0.2648 0.2787 0.2494 0.2419 0.2497 0.2436 0.2187 0.2164 0.2143 0.2181 0.2060 0.1973 0.1917 0.1912 0.1916 0.1891 0.1889 0.1828 
90.0 0.2330 0.2660 0.2286 0.2217 0.2289 0.2234 0.2007 0.1977 0.1987 0.1986 0.1883 0.1812 0.1782 0.1768 0.1741 0.1740 0.1720 0.1683 

100.0 0.2163 0.2367 0.2114 0.2063 0.2119 0.2049 0.1840 0.1832 0.1824 0.1841 0.1747 0.1881 0.1634 0.1431 0.1834 0.1416 0.1697 0.1644 

160.0 0.1803 0.1768 0.1684 0.1640 0.1689 0.1664 O.lJPP 0.1340 0.1376 0.1389 0.1319 0.1270 0.1236 0.1234 0.1238 0.1224 0.1210 0.1188 
200.0 0.1313 0.1466 0.1318 0.1276 0.1308 0.1289 0.1169 0.1139 0.1143 0.1164 0.1094 0.1080 0.1044 0.1023 0.1027 0.1014 0.1024 0.0989 
260.0 0.1148 0.1271 0.1162 0.1114 O.il42 0.1129 0.1018 0.0987 0.1002 0.1016 0.0982 0.0948 0.0917 0.0899 0.0303 0.0888 0.0901 0.0870 
WO.0 0.1033 0.1148 O.iO40 0.1008 0.1032 0.1020 0.0918 0.0884 0.0807 0.0918 0.0871 0.0867 0.0829 0.0814 0.0818 0.0804 0.0814 0.0789 
360.0 0.0961 0.1066 0.0969 0.0929 0.0962 0.0941 0.0847 0.0817 0.0837 0.0848 0.0804 0.0791 0.0744 0.0762 0.0768 0.0744 0.0764 0.0729 

400.0 .08884 .OS886 .08974 .08894 .OSW7 .08813 .07934 .07464 .07841 .07946 .07639 .07416 .07177 .07061 .07086 .06973 .070'38 .06840 
460.0 .08399 .09327 .08496 .08228 .08431 .08344 .07616 .07267 .07427 .07618 .07146 .07023 .OBBOO .OGG83 .04718 .04411 .04700 .04486 
600.0 .08010 .08897 .08110 .07866 .08061 .079(u) .07178 .08937 .07094 .07193 .04828 .04709 .06497 .08389 .06421 .04321 ,044O.S .04202 

. ..**~*..*.*L..~......*..**....*..**....~.***..*..~**.**...****.~.~*...~****.~..~*..~.**...*.*.....*~***...~*..*.~~~*..**~.*...*.~.~ 

w' sII TE 60" 67" 6Sm 82= tXGD 137~' 139~ 71I" 73" 7SRE TTm 7PA" Slw 43B1 Wm 92" 60 62 
. . . . ..**+*.....*+.........*.*..*...*~..*.***.**.~~..*****.*.*.*...***.*..~*..~.*...****.**...*.**...*~...*...*.****...**.....****.** 

::fi 
l.731 1.468 1.473 1.888 1.878 1.690 1.646 1.446 1.437 1.403 1.379 1.390 1.313 1.299 1.289 1.293 1.247 1.234 
1.697 1.630 1.644 1.667 1.661 1.472 1.432 1.383 1.339 1.309 1.287 1.270 1.229 1.214 1.204 1.210 1.166 1.163 

i:p 
1.482 1.420 1.432 1.444 1.440 1.370 1.334 1.272 1.262 1.224 1.206 I.190 1.163 1.141 1.131 1.134 1.091 1.080 
1.382 1.326 1.336 1.347 1.344 1.281 I.248 1.193 1.176 1.160 1.132 1.118 1.086 1.073 1.084 1.047 1.026 1.016 

. 1.296 1.242 1.261 1.282 1.241 1.202 1.172 1.123 1.104 1.084 I.068 1.066 1.026 1.014 1.004 1.007 0.948 0.968 

"62 
1.2l9 1.170 1.178 1.188 1.188 1.134 1.104 1.041 1.044 1.026 1.010 0.998 0.971 0.941 0.961 0.964 0.917 0.907 

4:o 
1.162 l.lW 1.113 1.122 1.123 1.073 1.047 1.006 0.9S2 0.973 0.969 0.946 0.923 0.913 0.904 0.907 0.871 0.842 
1.092 1.049 1.066 1.084 1.0136 1.019 0.994 0.964 0.944 0.924 0.913 0.903 0.880 0.470 0.441 0.844 0.830 0.821 

X 
l.039 0.9~8 1.004 1.012 1.014 0.97i 0.947 0.911 0.901 0.884 0.872 0.842 0.841 0.832 0.813 0.826 0.793 0.784 
0.991 0.962 0.968 0.948 0.948 0.927 O.W6 0.872 0.882 0.848 0.934 0.826 0.806 0.797 0.748 0.791 0.769 0.761 

8.0 0.9090 0.8734 0.8786 0.8868 0.8883 0.8616 0.8318 0.8027 0.7940 0.7798 0.7492 0.7413 0.7432 0.7367 0.7277 0.7297 0.7003 0.13931 
9.0 0.8406 0.8078 0.8123 0.8189 0.8219 0.7896 0.7704 0.7444 0.7370 0.7242 0.7146 0.7073 0.4911 0.8843 0.4746 0.4786 0.4610 0.4444 

10.0 0.7828 0.7614 0.7664 0.7626 0.7668 0.7362 0.7188 0.4963 0.4884 0.4748 0.8479 0.8813 0.4488 0.4404 0.4330 0.4348 0.8089 0.4018 
11.0 0.7330 0.7048 0.7086 0.7141 0.7174 0.88P4 0.4742 0.8628 0.8488 0.6369 0.6276 0.4214 0.4081 0.8026 0.6964 0.6970 0.6726 0.6648 
12.0 0.8900 0.8836 0.8889 0.6723 0.0768 0.8494 0.0364 0.4167 0.6102 O.WO3 0.6926 0.6470 0.6746 0.6493 0.6426 0.6040 0.6409 0.6366 

16.0 0.6894 0.6470 0.6498 0.6743 0.6779 0.6642 0.6444 0.6244 0.6243 0.6141 0.6097 0.6062 0.4960 0.4909 0.4847 0.4460 0.4G80 0.4414 
20.0 0.4790 0.4411 0.4432 0.4889 0.4704 0.4634 0.4Ul 0.4322 0.4290 0.4228 0.4177 0.4142 0.4083 0.4034 0.3940 0.3990 0.3827 0.3789 
26.0 0.4071 0.3920 0.3938 0.3989 0.4002 0.3061 0.3784 0.3488 0.3883 0.3812 0.3649 0.3641 0.3477 0.3464 0.3404 0.3416 0.3274 0.3244 
Jo.0 0.3642 0.3430 0.3444 0.3473 0.3606 0.3383 0.33l7 0.3237 0.3217 0.3173 0.3134 0.3112 0.3068 0.3040 0.2997 0.3006 0.2882 0.2866 
36.0 0.3182 0.3086 0.3078 0.3103 0.3133 0.3026 0.2988 0.2898 0.2881 0.2843 0.2811 0.27W 0.2742 0.2718 0.2488 0.2896 0.2686 0.2681 

40.0 0.2886 0.2780 0.2792 0.2814 0.2843 0.2748 0.2696 0.2433 0.2819 0.2686 0.2664 0.2637 0.2496 0.2483 0.2446 0.2462 0.2363 0.2331 
46 0 0.2947 0.2661 0.2692 0.2683 0.2410 0.2622 0.2476 0.1420 0.2407 0.2377 0.2360 0.2334 0.2296 0.2286 0.2261 0.2267 0.2144 0.2144 
W:O 0.2461 0.2343 0.2373 0.2392 0.2418 0.2338 0.2296 0.2246 0.2233 0.2208 0.2181 0.2188 0.2131 0.2122 0.1090 0.2098 0.1011 0.1993 
66 0 0.1288 0.2106 0.2216 0.2233 0.2268 0.2183 0.2143 0.2098 0.2087 0.2042 0.2039 0.2016 0.1993 0.1986 0.1966 0.1980 0.1481 0.1864 
W:O 0.2149 0.2071 0.2080 0.2097 0.1121 0.1061 0.2014 0.1972 0.1993 0.1939 0.1914 0.1906 0.1876 0.1848 0.1839 0.1844 0.1770 0.1764 

65.0 0.2019 0.1966 0.1984 0.1980 0.2003 0.1937 0.1903 0.1844 0.1866 0.1833 0.1813 0.1801 0.1773 0.1747 0.1739 0.1744 0.1474 0.1469 
To.0 0.1924 0.1866 O.l893 0.1878 0.1900 0.1838 0.1804 0.1789 0.1781 0.1740 0.1721 0.1710 0.1884 0.1878 O.lG.62 0.1467 0.1690 0.1674 
80.0 0.1760 0.1447 0.1496 0.1708 0.1729 0.1473 0.1044 0.1611 0.1804 0.1684 0.1669 0.1669 0.1636 0.1631 0.1607 0.1611 0.1461 0.1438 
80.0 O.lGll 0.1663 0.1690 0.1673 0.1692 0.1641 0.1614 0.1486 0.1479 0.1442 0.1447 0.1437 0.1416 0.1412 0.1390 0.1394 0.1338 0.132-f 

100.0 0.1497 0.1443 0.1460 0.1461 0.1480 0.1433 0.1408 0.1382 0.1378 0.1341 0.1344 0.1338 0.1319 0.1316 0.1294 0.12S6 0.1248 0.1236 

160.0 0.1137 0.1094 0.1101 0.1110 0.1124 O.lOW 0.1073 0.1064 0.1060 0.1039 0.1029 0.1022 0.1008 0.1004 0.0990 0.0993 0.0964 0.0949 
200.0 0.0944 0.0914 0.0914 0.0922 0.0936 O.WW 0.0892 0.0477 0.0874 O.DS44 0.0867 0.0862 0.0841 0.0838 0.0824 0.0828 0.0817 0.0791 
260.0 0.0833 0.0806 0.0798 0.0802 0.0816 0.079l 0.0784 0.0770 0.0770 0.0792 0.0761 0.0749 0.074l 0.0736 0.0724 0.0729 0.0721 0.0898 
300.0 0.0766 0.0720 0.0721 0.0724 0.0736 0.0718 0.0711 0.0499 0.0499 0.0892 0.0481 0.0480 0.0873 0.0848 0.0868 0.0840 0.0466 0.0636 
360.0 O.OG98 0.0976 O.OM7 0.0870 0.0480 0.0844 0.0968 0.0647 0.0847 0.0840 0.0831 O.OG30 0.0823 O.OGl9 0.0809 0.0411 O.OGO7 0.0688 

Z?“o 
AS662 .06319 A8246 .04284 .08381 .08238 A8176 .OPO73 .04079 .08013 .06927 .06917 .06864 .06814 .06726 .06744 .06700 .06629 

60010 
.09214 .04OG3 .06943 .08983 .OPO64 .06918 .06869 .06793 .06749 .06707 .06427 .06410 .06660 .06621 .06437 .06464, .06411 .06261 
.ObP42 .06741 .OCS89 .06704 .06791 .06962 .06PO6 .06614 -06621 .064fJl .06386 .06376 .06322 .06288 .06206 .06221 .06178 .06028 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RPlGE III UYITS OF ffi/Sq Ql 
11 

c IOllS 
4 

Wh 8E 
4 SC 12 

Ix; AL SI CA l-I CR FE 81 (21 GE SE SR zrt HO Rn 
13 14 20 22 24 24 24 29 32 34 38 40 42 46 47 

**.*..***..****..*..*.*...*..*..**.**...*******...*.~*..*.~..**.****.~*.*...~.*****..*.~*****.**.~***.~******.*...**....**..~~*..*.* 
2.6 6.790 6.610 7.708 7.440 7.490 a.788 9.610 10.031 10.420 10.800 11.010 11.870 12.060 12.466 12.910 13.167 13.648 13.910 
3.0 7.661 7.177 9.482 9.708 9.493 10.904 11.933 12.542 12.983 13.404 13.776 14.678 16.089 16.749 18.024 18.371 17.109 17.314 
3.6 9.614 9.030 11.803 11.969 11.701 13.234 14.691 16.291 16.784 16.243 14.789 17.746 18.392 19.110 19.405 19.867 20.912 

16.774 17.483 18.827 
20.998 

4.0 11.474 1l.Ot34 14.248 14.440 14.113 18.279 19.319 20.061 21.171 21.959 22.739 23.063 23.416 24.981 24.946 
4.6 14.034 13.283 14.836 17.121 14.717 18.622 20.407 21.602 22.107 22.629 23.641 24.863 26.790 24.434 X.947 27.443 29.314 29.212 

i:: 14.69 19.33 16.48 18.26 19.42 22.41 20.01 23.10 22.64 19.54 21.48 24.64 23.94 27.64 24.96 28.66 26.42 29.37 26.17 29.94 31.32 27.31 32.98 28.79 34.23 29.88 30.79 36.21 31.16 36.59 31.94 34.60 33.92 38.78 33.74 
38.64 

8.0 22.27 21.00 26.79 20.40 26.77 28.00 31.36 32.67 33.36 33.96 36.66 37.42 38.84 39.89 40.29 41.33 43.90 43.42 
4.6 26.39 23.91 29.17 29.89 29.17 31.64 36.39 38.71 37.66 38.17 40.03 42.11 43.70 44.63 46.24 48.42 49.29 48.94 
7.0 18.70 27.00 32.74 33.69 32.77 36.32 39.44 41.08 41.99 42.43 44.76 47.04 48.82 60.02 60.46 61.76 64.92 64.66 

8.0 36.87 33.89 40.48 41.67 40.64 43.43 48.80 60.49 61.63 62.20 64.88 67.44 59.80 41.16 41.43 83.22 88.94 44.40 
9.0 43.78 41.06 48.93 60.33 49.04 62.32 M1.83 60.77 81.96 42.84 46.93 89.20 71.74 73.27 73.79 76.M 80.00 79.67 

10.0 62.39 49.04 68.14 69.84 68.33 41.94 49.70 71.92 73.23 73.94 T1.88 81.69 84.48 88.37 a6.92 89.12 94.02 93.74 
11.0 61.72 67.71 ea.08 70.14 68.32 72.36 81.41 93.91 86.37 86.08 SO.73 96.11 98.66 100.42 101.01 103.63 109.00 108.85 
12.0 71.74 47.01 78.74 81.14 79.03 83.49 93.94 96.74 98.36 99.06 104.46 109.44 113.34 116.40 114.04 118.90 124.94 124.93 

16.0 106.91 98.63 114.96 118.66 115.37 121.22 134.36 140.10 142.19 142.84 160.74 167.76 143.24 145.87 144.40 170.66 178.29 176.93 
20.0 174.09 183.42 188.86 194.94 189.48 197.98 222.48 228.04 231.02 231.43 244.34 266.37 263.96 287.64 288.46 274.44 284.99 287.37 
26.0 262.11 242.44 278.97 288.00 279.76 291.29 327.00 334.87 338.60 338.64 367.49 373.28 396.60 390.18 391.16 399.43 412.79 417.84 
30.0 363.31 336.74 384.64 394.99 386.42 400.37 449.04 459.04 484.00 483.32 489.24 610.60 624.87 632.61 633.88 644.46 660.83 688.69 
36.0 479.13 442.14 604.94 621.28 606.69 624.67 687.87 600.43 406.49 806.00 438.79 688.20 887.22 494.05 g96.10 708.69 727.44 739.30 

5:: 609.1 762.7 693.1 641.4 839.4 788.1 6130.3 813.6 640.4 789.1 663.3 814.1 742.9 913.4 766.2 931.8 746.4 440.2 782.9 934.6 806.6 988.4 1030.2 839.7 1062.0 886.8 1071.0 673.7 1071.9 874.7 1091.3 891.1 1114.2 913.1 926.9 
1134.6 

60.0 909.6 837.0 960.0 980.6 960.9 982.6 1099.1 1120.4 1130.2 1126.3 1187.8 1237.4 1276.3 1266.3 1288.0 1308.6 1334.4 1342.3 
56.0 1079.4 992.6 1124.9 1140.9 1126.4 1142.1 1299.4 1324.2 1336.2 1328.7 1402.4 1440.8 1604.9 1618.0 1514.5 1642.4 1673.4 1404.8 
40.0 1241.8 1169.4 1312.4 1354.3 1313.0 1364.4 1613.9 1642.3 1664.4 1644.6 1432.0 1499.4 1750.7 1742.7 1762.9 1792.4 1826.8 1883.6 

46.0 1464. 1338. 1612. 1640. 1742. 1774. 1768. 1778. 1874. 1963. 2012. 2026. 2026. 2068. 2094. 
70.0 

2139. 
1443. 1627. 1724. 1779. 

::::: KY 

2244: 
1964. 2020. 2036. 2023. 2136. 2222. 2289. 2302. 2302. 2339. 2380. 

90.0 2111. 1937. 2183. 
2430. 

2262. 2182. 2607. 2662. 2689. 2663. 2693. 2803. 2886. 2901. 2900. 2944. 
90.0 2686. 

2993. 3054. 
2404. 2388. 2770. 2086. 2782. 3081. 3134. 3166. 3133. 3306. 3438. 3639. 3667. 3664. 

100.0 
3807. 3863. 3741. 

3141. 2878. 3232. 3333. 3230. 3320. 3702. 3765. 3789. 3781. 3947. 4124. 4247. 4266. 4242. 4323. 4366. 4462. 

160.0 6418. 6649. 4664. 4767. 4647. 4714. 7474. 7692. 7431. 7644. 7974. 6269. 8630. 8664. 8641. 
200.0 

8849. 8744. 8943. 
10684. 9860. 10740. 11074. 10738. 10986. 12224. 12412. 12466. 12337. 13007. 13403. 13817. 13934. 13906. 

260.0 16496. 14078. 16432. 14122. 16471. 16981. 17774. 
14072. 14169. 14521. 

18096. 18084. 17898. 18671. 19367. 19973. 20212. 20142. 
300.0 21026. 

20429. 20429. 21016. 
13001. 21124. 21792. 21211. 21664. 24001. 24540. 24396. 24129. 25440. 26030. 28870. 27248. 27143. 27644. 

360.0 
27446. 

27091. 24624. 27143. 
26277. 

28002. 27276. 27716. 30813. 31613. 31296. 30941. 32421. 33324. 34410. 34930. 34809. 36316. 36113. 35203. 

400.0 33829. 30413. 33417. 34884. 33802. 34312. 3.3138. 39210. 38712. 38240. 40335. 41146. 42613. 43179. 43020. 
460.0 

43441. 43344. 44709. 
40681. 36878. 40495. 41784. 40732. 41316. 45916. 47243. 46682. 46024. 48618. 49490. 61109. 61928. 51726. 52604. 62071. 

600.0 47902. 
63726. 

43287. 47729. 49262. 48019. 48479. 64084. 66729. 64863. 64184. 67114. 68234. 80142. 41114. 80864. 61793. 41234. 63191. 

.~.**.*.***....*.*.*.*.*.**....***..**.****..**.***..****.*~~**.***..*.**....*....*..**..*..**.****.*..*..**...~**.*.**..**.......~. 
E/A SE l-F, 94 I‘d Fit SH CD ED In LU IA RE In AU PB 91 TH 

60 62 64 67 69 42 44 47 49 71 73 75 7-f 79 a2 83 93 S2” 
*.~*.1.*.~**.*.**+.***~.*.*...~..~*.***********.~.*.....~.***~*...**.**..*.*~....~*.****.*.**~.**..~*..~..****.~*~***~.~~**~.*..~~~* 

2.6 14.67 15.09 18.23 14.62 17.11 17.94 18.46 19.11 19.61 19.90 20.30 20.73 21.18 21.66 22.05 22.23 23.77 
3.0 

24.26 
18..18 16.84 19.98 20.23 20.63 21.87 22.49 23.36 23.83 24.33 24.80 16.30 26.88 24.87 

3.6 
24.33 

22.06 22.93 
27.03 28.76 29.23 

24.00 24.23 24.86 24.10 24.83 27.92 28.47 29.07 29.42 30.18 30.93 
4.0 

31.42 32.01 32.16 34.07 
24.28 27.30 28.34 

34.67 
28.64 29.16 30.43 31.48 32.79 33.42 34.13 34.74 36.39 38.29 

4.6 
36.86 37.46 

30.77 31.98 32.99 
37.41 39.76 40.40 

33.14 33.77 36.47 36.46 37.98 38.89 39.60 40.22 40.92 41.98 42.40 43.29 43.40 46.77 48.48 

i:: 36.64 40.41 34.96 42.24 37.93 43.16 38.06 43.68 38.46 40.41 46.06 41.72 47.30 43.48 49.19 44.24 46.20 44.00 46.74 48.00 48.49 49.43 49.62 62.14 62.92 
43.26 60.14 61.21 

4.0 
62.10 62.93 64.34 

46.94 47.82 
66.09 66.90 

48.72 48.74 49.37 61.79 
66.97 66.66 69.71 

63.18 65.41 64.34 67.63 68.62 69.42 41.00 
4.6 

41.83 
61.40 63.88 64.66 64.62 66.14 67.82 

42.70 42.7&m 6k.91 
69.37 41.84 82.84 44.14 46.24 48.22 

7.0 
47.99 88.88 49.83 

67.61 
69.84 

69.84 40.44 
73.32 ::i:- 

40.69 61.10 84.16 46.86 88.67 49.67 71.10 72.28 73.34 76.27 76.26 77.28 77.29 61.04 62.14 

8.0 70.18 73.01 73.76 73.66 74.16 T1.47 79.69 82.93 64.19 86.89 
9.0 

87.28 88.49 90.80 91.94 93.14 
93.90 87.31 87.98 

93.11 97.63 98.79 
87.48 88.21 92.33 94.49 98.44 99.90 101.87 

10.0 
103.48 104.84 107.68 

98.71 
108.87 110.24 

102.72 103.30 103.36 108.10 
110.17 115.32 116.78 

102.88 110.83 116.16 114.76 119.02 120.84 122.41 126.62 
11.0 

127.01 128.40 
114.66 119.20 119.70 124.97 

128.47 134.39 134.02 
119.16 119.54 128.08 132.97 134.76 137.32 139.41 141.14 144.87 

12.0 
148.34 

131.46 136.74 137.17 134.79 
148.18 147.97 164.72 

138.48 142.91 148.42 
166.58 

151.91 163.88 168.76 169.09 141.02 184.98 188.84 148.91 166.86 174.29 176.34 

16.0 188.1 196.7 196.6 194.4 194.4 203.0 x)7.9 216.2 117.7 221.7 20.0 224.8 227.4 232.7 301:6 313.6 236.2 236.1 313.3 311.3 310.4 323.3 237.7 246.2 330.4 261.0 
341.6 346.0 360.9 26.0 366.7 3SS.3 438.2 466.6 367.3 464.4 461.2 449.2 447.2 477.7 370.8 376.6 374.7 391.2 396.4 492.4 494.9 506.0 

30.0 611.4 694.2 417.7 514.4 627.6 619.8 833.7 632.1 639.1 637.9 413.3 409.9 647.4 641.3 667.1 866.6 
472.2 682.7 36.0 774.8 491.4 497.8 806.0 712.0 802.3 799.4 791.3 717.8 727.4 726.4 757.0 821.4 839.0 784.8 482.8 849.6 

882.8 893.9 901.8 919.6 928.6 939.2 934.9 977.3 987.1 

40.0 973.1 1010.9 1007.3 999.8 992.7 1030.1 1061.6 1080.3 1068.4 1104.6 45.0 1118.1 1234.6 1231.9 1127.7 1149.3 1190.4 1167.4 1170.4 1222.4 1213.2 1268.3 1284.1 1173.6 1220.9 1233.0 
60.0 1318.2 1327.4 1344.8 1428.2 1363.2 1374.6 1481.1 1476.4 1400.3 1444.2 1462.3 1606.7 1634.1 1409.4 1429.6 1426.9 1487.0 
66.0 1676.9 1684.4 

1601.8 
1409.1 1479.7 1744.2 1428.4 1737.4 1709.4 1641.4 1471.8 1724.1 1771.6 1682.3 1706.4 1702.1 1774.7 

1806.8 
1792.0 

1862.8 1844.7 1890.4 60.0 1913.1 1950.4 2026.1 2017.0 1928.4 1943.1 1974.9 1998.3 2001.6 1983.7 2066.3 2095.9 2003.4 2083.4 
2147.8 2141.4 

2103.6 
2160.9 2214.7 2234.1 2273.7 2266.7 2320.1 2314.1 2412.4 2436.6 

EL: 2642. 2238. 2323. 2639. 2314. 2628. 2294. 2807. ::z* ii::. 2402’ 2481. 2610. 2639. 2668. 2803. 
80.0 2726. 

2917. 2464. 2649. 2781. 
3248: 3340: 2791. 

$4;~. 
2846. 

2768. 
3197. 2878. 2900. 3318. $3. 3623: 2961. glf. 3424. 2344. 

3603. 3669. 
3010. 3002. 3129. 3168. 

90.0 
%f : 

3810. 3837. 
Z::: 

3098. 
%F f% 

3718. 3771. 
4842: 4804: 4186. 

3782. 3920. 3967. 
4280. 4303. 4368. 100.0 4407. 4439. 4612. 4633. 4602. 

. . 6006. 6118. 6146. 6209. 
4824. 

6208. 5306. 5391. 6414. 6497. 
4689. m:  
6482. 6744. 

160.0 9348. w97. 9666. 9678. 9443. 9781. 9966. 10164. 10202. 200.0 10321. 16173. 16737. 16674. 10433. 10603. 10663. 16648. 16349. 16867. 14131. 10700. 10887. 
14604. 16684. 

10838. 11286. 11367. 
260.0 14434. 21964. 22700. lS846. 14974. 22730. 22663. 17221. 22261. 22976. 17276. 17646. 17494. 18067. 18374. 
330.0 

23342. 
23772. 23843. 

24107. 
24383. 29639. 3O(ll2. 32076. 30464. 24519. 24864. 30034. 30964. 

360.0 
31400. 24965. 26343. 26248. 25909. 

31972. 32038. 32394. 
16478. 

37816. 32792. 33160. 39336. 32944. 39064. 39639. 39866. 33370. 
40188. 

33634. 34069. 33964. 34667. 
40912. 40970. 41426. 41967. 

36610. 
42122. 42449. 42979. 43662. 43414. 44189, 46344. 

400.0 46496. 48374. 48426. 48346. 47069. 48S84. 460.0 49413. 60497. 60644. 61107. 66107. 61778. 51963. 68117. 68408. 68163. 

600.0 

67322. 62691. sB869. 69697. 
41369. 

62891. 63723. 63663. 64402. 
60648. 0487. 

65877. 

66988. 69796. 
62177. 42381. 

0346. 83116. 68448. (n461. 88241. mO74. 71298. 71324. 72114. 63487. ~487. 04282. 96214. 73084. 73308. 74164. 74601. 75773. 76633. 74559. 47022 78708: 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTRDlIC SIOPPIIG PGVER II WITS OF lW/tHG/SQ QI) 
14 

I IOJS 
7 

WI IE %C t?i AL SI CA TI CR FE II W GE SE SR 23 no Rn 
4 12 13 14 10 22 24 2% 28 29 32 34 36 40 42 46 42” 

*.*I.+.*++*....*....*~..*...**..~.*...*..*.*...**..~.*....***~~....*.*****~~..*..*.**.*~**.*..**.*.*..*...~.*..***.*~...**.~..***... 

::; 4.771 4.271 4.607 6.019 4.2Ol 3.809 4.049 3.%73 4.136 3.766 3.699 3.663 3.403 3.llO 3.279 3.003 3.208 2.943 3.162 2.900 2.W7 2.73l 2.617 2.697 2.%93 2.466 2.042 2.443 2.826 2.426 2.640 2.363 2.292 2.14% 2.396 2.223 

i:i . 3.670 3.641 3.217 3.766 3.47l 4.096 3.212 3.466 2.980 3.3%) 3.100 2.677 3.442 3.17% 2.949 3.162 3.01% 2.60% 2.8%2 2.%61 2.4%9 2.768 2.667 2.396 2.71% 2.364 2.622 2.4W 2.334 2.%83 2.628 2.363 2.201 2.407 2.242 2.096 2.163 2.016 2.309 2.117 2.20 1.964 2.106 2.266 1.974 2.188 1.919 2.046 2.013 1.766 1.894 2.071 1.936 I.621 

E:E 3.034 2.834 3.229 3.021 2.606 2.78l 2.%66 2.619 2.666 2.764 2.4%% 2.%24 2.312 2.176 2.246 2.113 2.206 2.080 2.192 2.067 2.006 1.961 1.972 1.662 1.896 l.793 1.7%6 I.668 1.767 1.669 1.606 1.710 I.%93 l.%D6 1.626 1.717 

t*: 
710 

2.60% 2.Wl 2.640 2.681 2.46% 2.323 2.373 2.244 2.43% 2.304 2.32% 2.203 2.064 l.947 1.997 1.894 l.W7 1.66% 1.96% 1.66% 1.847 1.764 1.763 1.676 1.700 l.%l% l.%74 1.692 1.W7 1.666 1.623 1.646 1.631 1.4%2 1.644 1.470 
2.374 2.639 2.203 2.l29 2.l67 2.093 1.661 1.802 1.77% l.T%S l.%7l 1.697 1.641 1.616 1.612 1.474 1.399 1.404 

1o:o E 

2.14% 2.300 2.001 1.934 1.S%7 1.904 l.%67 l.%44 I.%21 1.017 1.626 l.Q%l 1.411 1.391 1.36% 1.363 1.290 1.269 

l.S%l I.807 2.106 1.943 1.834 I.096 1.773 l.%JO 1.623 l.%S% 1.760 1.020 1.661 1.437 1.613 1.403 I.493 1.368 1.366 l.491 1.409 1.309 1.346 1.262 1.302 1.211 
1.286 1.261 1.261 1.196 1.193 
1.19% 1.192 I.186 1.119 1.112 

2:: I.%77 1.6W 1.60% 1.066 1.676 1.47% 1.62% 1.426 1.670 1.470 1.609 1.414 1.340 1.267 1.309 1.22% 1.294 1.214 I.294 1.216 1.149 1.223 1.171 1.100 I.133 1.066 1.119 1.062 1.11% 1.060 1.091 1.027 0.991 1.061 0.961 1.042 

16.0 1.312 1.417 1.243 l.203 1.239 1.194 1.003 1.040 1.029 1.031 0.97% 0.936 0.90% 0.69% 0.896 0.67% 0.861 0.839 

E 0.670 1.041 0.944 l.l26 0.993 0.633 O.S%l 0.607 0.991 0.632 0.967 0.606 0.664 0.719 0,637 0.708 0.629 0.700 0.832 0.703 0.767 O.%%% 0.766 0.839 0.733 0.620 0.72% 0.616 0.726 0.%16 0.%04 0.7ll 0.694 0.691 0.662 0.680 

2: 0.761 O.W4 0.617 0.722 0.722 0.640 O.%BB 0.020 0.%39 0.721 0.696 0.%21 0.666 0.%26 0.%14 0.646 0.641 0.609 0.%12 0.646 0.660 0.61% 0.667 0.496 0.641 0.461 0.637 0.476 0.637 0.476 0.626 0.471 0.618 0.463 0.607 0.463 

4D.0 0.6W3 0.649% 0.6763 0.6666 0.6’103 0.6696 0.6013 0.492% 0.4891 0.4923 0.4606 0.4483 0.4366 0.4330 0.4332 0.4286 0.4200 0.4108 
46.0 0.6430 0.6919 0.6269 0.6097 0.6241 0.6114 0.4682 0.46D4 0.4474 0.4606 0.4270 0.4104 0.3987 0.39%7 0.3969 0.3910 0.3664 0.3707 
60.0 0.4996 0.6449 0.4816 0.4699 0.4661 0.4716 0.4230 0.4169 0.4l32 0.41%2 0.394% 0.3793 0.368% 0.3669 0.3172 0.3619 0.3670 0.3468 
66.0 0.4034 0.6066 0.4606 0.43%6 0.4609 0.4388 0.393% 0.3871 0.3647 0.367% 0.3676 0.3634 0.3434 0.3419 0.3423 0.3376 0.3331 0.3266 
0.0 0.4329 0.4727 0.421% 0.4087 0.4220 0.4109 0.3%6% 0.3%27 0.3606 0.3%33 0.3446 0.3313 0.3220 0.3206 0.3211 0.31%7 0.3127 0.3067 

66.0 0.40%6 0.4444 0.3967 0.3647 0.3971 0.3869 0.3472 0.3417 0.3397 0.3426 0.3247 0.3124 0.303% 0.3026 0.3029 0.2989 0.2962 0.2866 
70.0 0.3641 0.4196 0.3761 0.3%38 0.3766 0.3%(K) 0.326% 0.3234 O.Jli% 0.3243 0.3076 0.2969 0.287% 0.286% 0.2670 0.2833 0.2799 0.2737 
60.0 0.34%7 0.3792 0.3394 0.3292 0.3399 0.3316 0.2977 0.2932 0.291% 0.2942 0.2790 0.2066 0.2%10 0.2%03 0.2%07 0.2674 0.2644 0.2489 
90.0 0.3171 0.3470 0.3111 0.3018 0.3116 0.3040 0.2732 0.2691 0.2676 0.2702 0.2683 0.2467 0.2396 0.2392 0.2397 0.2366 0.2340 0.2291 

100.0 0.2930 0.3206 0.2880 0.27S4 0.2884 0.281% 0.2632 0.24S4 0.2463 0.260% 0.2377 0.2268 0.2226 0.2220 0.2226 0.2199 0.2173 0.2129 

160.0 0.2182 0.2392 0.2169 0.209% 0.2163 0.211% O.lSO6 0.1878 0.1871 0.1691 0.1796 0.1729 0. I%61 0.1879 0.1%83 O.l%%% 0.184% 0. I%17 
200.0 0.1767 0.1961 0.1791 0.173% 0.1760 0.1764 0.1678 0.1660 0.1666 0.1674 0.1492 0.1470 0.1421 0.1392 0.1396 0.1380 0.1394 0.134% 
260.0 0.1600 0.1731 0.16%8 0.1620 0.1666 0.1637 0.1383 0.1343 0.13%4 0.1381 0.1310 0.1290 O.l246 0.1223 0.1229 0.1206 0.1226 0.1164 
300.0 0.1406 0.1660 0.141% 0.1372 0.1404 0.1369 0.1260 0.1203 0.1234 0.1260 0.1186 0.1187 0.1129 0.1108 0.1113 0.1096 0.1110 0.1073 
360.0 0.1294 0.143% 0.130% 0.1266 0.1296 0.1261 0.1163 0.1112 0.1139 0.1164 0.1096 0.1077 0.1043 0.1024 0.1028 0.1012 0.102% 0.0992 

400.0 0.1209 0.1343 0.1222 0.1164 0.1212 0.1200 0.1080 0.1042 0.1067 0.1061 0.102% 0.1009 0.0977 O.OS%O 0.0964 0.0949 O.OS82 0.0931 
460.0 0.1143 0.1270 0.116% 0.1120 0.1146 0.113% 0.1023 0.0986 0.1011 0.1026 0.0972 0.096% 0.092% 0.0910 0.0914 0.0900 0.0912 0.0883 
600.0 0.1090 0.1211 0.1104 O.lO%S 0.109% 0.1066 0.0977 0.0944 0.096% 0.0979 0.0929 0.0913 0.0884 0.0870 0.0674 0.0880 0.0672 0.0844 

.+....*.*..**,+..*..*.~*...*.*.**...........*.*..~**~**..***..........**.*....******~.***...***..*****.*.*.*....****....**.**.*..*** 

"' g 62K 6eBI 6.y" 6SpR 82" MGD 876' 8SR( 71L" 7JTA 76RE 7i'IR 79'" 8ZpB WBx WK 92" 60 
..**....r.i,..r......*.*.......*.*****..~..*~.~.*..*..*...**.*.**.**~....*********.**~*~*~~~*~*~******.~.***~**~~~~*~~~~~~*~~~****~* 

2.6 2.266 2.169 2.176 2.196 2.186 2.0%9 2.011 1.906 1.870 1.826 1.794 1.7%8 1.707 I.%69 1.676 1.681 1.820 1.604 

2: 2.097 1.96% 2.009 1.876 2.028 1.690 2.043 1.906 2.036 1.901 1.931 1.606 1.879 1.7%0 1.767 1.078 1.661 1.76% ;.;$ 

I:624 1.442 

1.688 1.689 1.686 1.6%9 1.611 1.621 1.693 1.604 1.491 1.660 1.666 1.496 1.62% 1.439 1.611 1.424 

t:: 1.633 1.724 1.767 1.663 1.770 I.666 1.786 I.%79 1.782 1.%77 I.000 1.698 1.669 I.864 1.681 1.493 1.667 1.472 1.600 1.420 1.481 1.403 1.438 1.383 1.422 1.346 1.336 1.409 1.413 1.339 1.369 1.287 1.346 1.274 

s:o t?: 

1.627 1.661 1.672 1.686 1.686 1.613 1.476 1.416 1.39% I.308 1.347 1.332 1.296 1.281 1.269 1.273 1.223 1.210 

1.641 1.4%6 1.479 1.40% 1.499 1.416 1.601 1.427 1.602 1.428 
1.436 1.400 1.346 1.327 1.301 1.282 1.2%8 1.234 1.221 1.209 1.212 1.164 1.162 
1.3%8 1.333 1.282 I.266 1.241 1.224 1.210 1.179 1.1%5 1.164 1.168 

2:; 1.39% 1.333 1.340 1.261 1.288 1.346 1.299 1.369 1.382 1.302 1.303 1.24% 1.272 1.217 1.172 1.224 1.210 1.169 1.187 1.136 1.170 1.122 1.167 1.110 1.128 1.062 1.11% 1.071 l.o%O 1.106 1.108 I.083 

;.ll; 

1:020 

:.;g 

1:010 

i:: 1.226 1.136 1.177 1.091 1.164 1,097 1.194 1.106 1.110 1.197 1.146 1.066 1.121 1.040 1.006 1.062 0.896 1.070 1.061 0.978 0.9%6 1.037 0.966 1.02% 0.933 1.001 0.991 0.924 0.981 0.913 0.963 0.916 0.944 0.879 0.934 0.870 

:t*: 0.992 1.068 0.964 1.017 0.969 1.023 0.9%7 1.031 0.971 1.036 0.994 0.933 0.972 0.912 0.940 0.883 0.931 0.876 0.916 0.861 0.903 0.849 0.894 0.841 0.874 0.823 0.66% 0.816 0.66% 0.806 0.668 0.6023 0.776 0.823 0.816 0.707 
12:o 0.936 0.899 0.904 0.911 0.916 0.680 0.6%1 0.634 0.627 0.613 0.803 0.796 0.776 0.771 0.7%2 0.7%4 0.733 0.726 

16.0 O.tSS8 0.7694 0.7732 0.7793 0.7842 0.7647 0.73%6 0.7173 0.7114 0.7004 0.691% 0.6866 0.6717 0.6801 0.%677 0.6694 0.%324 0.%2%1 
20.0 0.%610 0.%2%% 0.6296 0.%346 O.%3S3 O.%l%l 0.%036 0.6873 0.6631 0.6746 0.6%7% 0.6%28 0.6622 0.6462 0.6406 0.6423 0.6200 0.6149 
26.0 0.663% 0.6330 0.6366 0.6397 0.6443 0.6260 0.614% 0.6016 0.4962 0.4912 0.4664 0.4616 0.472% 0.4%96 0.4%32 0.4%46 0.4466 0.4412 
30.0 0.4%4% 0.4%%7 0.4%86 0.4726 0.47%6 0.4%02 0.4613 0.4403 0.437% 0.4317 0.4217 0.4234 0.41%0 0.413% 0.4077 0.4087 0.3921 0.3663 
36.0 0.4329 0.4170 0.4186 0.4222 0.42%2 0.411% 0.4038 0.3943 0.3920 0.36%8 0.3624 0.37W 0.3731 0.3711 0.3167 0.3%%7 0.3618 0.3466 

40.0 0.392% 0.3762 0.3799 0.3829 0.3W8 0.3737 0.3W7 0.3683 0.36%4 0.3616 0.3476 0.3462 0.3396 0.3378 0.3329 0.3337 0.3202 0.3172 
46.0 0.3603 0.3471 0.3487 0.3616 0.3662 0.3432 0.3566 0.3294 0.3276 0.3236 0.3199 0.317% 0.3124 0.3110 0.30%3 0.3071 0.2947 0.2920 
60 0 
66:O 

0.3337 0.321% 0.3230 0.326% 0.3291 0.3161 0.3123 0.3066 0.3040 0.3002 0.2W9 0.2946 0.2901 0.2886 0.2844 0.2862 0.2737 0.2712 
0.3114 0.300; 0.3016 0.3039 0.3073 0.2971 0.2917 0.2866 0.2841 0.260% 0.2776 0.276% 0.2712 0.2702 0.2WO 0.26W 0.2660 0.2637 

60.0 0.1926 0.2619 0.2631 0.2664 0.2W7 0.27W 0.2741 0.2%64 O-2%71 0.2639 0.2%10 0.2692 0.2662 0.2642 0.2603 0.2610 0.2409 0.2366 

06 0 
70’0 

0.27%1 0.2%%1 0.2%73 0.2%96 0.272% 0.2137 0.2690 0.2637 0.2626 0.2496 0.24%8 0.2461 0.2413 0.2406 0.23%7 0.2374 0.2279 0.2269 
0.2343 0.2327 0.2292 0.2264 0.2249 0.2266 0.21%6 0.214% 

So:0 60'0 

0.2%19 0.2624 0.263% 0.266% 0.266% 0.2602 0.2467 0.2408 0.2397 0.23%9 

0.2302 0.2193 0.22W 0.2114 0.230% 0.2123 0.2326 0.2140 0.2363 0.2107 0.2277 0.2097 
0.2237 0.2193 0.2164 0.2169 0.2136 0.2121 0.209% 0.2083 0.2061 0.x)66 0.1974 0.1967 
0.20%1 0.2022 0.2013 O.lBSO 0.1869 0.196% 0.1926 0.1922 0.1692 0.1897 0.1622 O.l8(M 

100.0 0.2038 0.19%4 0.1973 0.1969 0.2016 0.1960 0.1917 0.1861 0.1673 0.1662 0.1833 0.1821 0.1796 0.1790 0.17%2 0.17%7 O.l%W 0.1682 

160.0 0.1646 0.1492 0.1499 0.1611 0.1632 0.1464 0.14%0 0.1436 0.1429 0.1416 0.1400 0.1391 0.1373 0.13%9 0.1346 0.1362 0.1298 0.1287 
200.0 0.1266 0.1244 0.1244 0.1264 0.1273 0.1233 0.1214 0.1194 0.1190 0.1179 O.ll%% O.ll%O 0.1144 0.1141 0.1124 0.1127 0.1113 0.1077 
260.0 0.1134 0.1096 0.1083 0.1002 0.1109 0.1077 0.10%7 0.1046 0.1049 0.1037 0.1022 0.1020 0.1009 0.1001 0.0986 O.OS69 O.OS62 0.0961 
300.0 0.1026 0.0903 O.OW2 0.0966 O.lWO 0.69'11 O.OW8 0.0961 0.0962 0.0941 0.0928 0.082% 0.091% 0.0909 0.0896 0.0898 0.0892 0.06%4 
360.0 0.0961 0.0916 0.0909 0.0912 0.0926 0.0904 0.0696 0.0800 O.OWl 0.0671 0.0669 0.0%67 0.0646 0.0643 0.0829 0.0832 0.0%2% 0.0601 

%-8 

6oo:o 

.08918 .0%468 .OWl6 .06170 908627 .06090 .0666% .0%117 .06W6 .08240 .084SO .0806% .0%406 907976 .07844 .082W .08274 .07862 .06184 .077%7 .080%8 .07%69 .08063 .07%44 .076%7 .07971 .076l% .0791% .07793 .07400 .07424 .07818 .073%4 .07768 .07147 .07626 

.06066 .07614 .07739 .077%4 .07W2 .07707 .07%29 a07608 .07614 ,07433 .07330 .0731% .07244 .07196 .07086 .07107 .07046 .OW44 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAlCE 11 IJlITS OF HG/Sq QI 
14 

I roils 
7 

E/A BE 
6" 12 

lE U SI CA 11 CB PE %I al GE SE SR za If0 Bx 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4" *...*.....**.*.t.*.t..**.*..*********************.***.***‘**.**..**..***.**~~.~**~*~~*...........**.**********.*,~~*********.*.**.*. 

2; 6.833 6.280 6.604 6.030 7.038 8.790 7.000 8.817 6.860 8.627 8.047 9.929 10.864 8.710 11.423 9.190 11.830 9.660 12.217 9.900 10.090 12.661 10.700 13.290 11.060 13.766 11.606 14.362 14.616 11.640 12.067 14.932 12.444 16.602 12.760 16.796 
3.6 8.567 8.135 10.713 10.811 10.676 il.987 13.212 13.863 l4.308 14.728 16.216 16.091 16.679 17.338 17.606 18.019 18.971 19.069 
4.0 10.460 9.922 12,807 12.981 12.694 14.220 16.766 16.481 16.984 17.436 18.088 19.107 19.820 20.634 10.622 21.330 22.667 22.666 
4.6 12.610 11.863 16.072 16.327 14.883 16.628 18.494 19.306 19.869 20.337 21.166 22.337 23.181 23.962 24.267 24.866 26.362 28.284 

a:0 tz 

14.74 13.96 17.60 17.86 17.44 19.21 21.42 22.33 22.93 23.43 24.46 26.78 26.76 27.69 27.91 28.62 30.39 30.24 

17.12 19.67 16.20 18.69 20.11 22.87 20.64 23.40 20.06 22.86 21.96 24.89 24.66 27.86 28.96 26.64 29.66 26.20 30.21 26.72 31.63 27.94 33.30 29.43 34.67 30.66 31.46 36.62 31.79 35.88 32.61 25.81 34.63 39.09 34.44 38.86 

P:E 22.39 26.26 21.13 23.81 26.80 28.90 26.44 29.64 26.81 28.93 31.24 27.98 31.36 36.06 32.66 36.34 37.16 33.31 37.74 33.88 36.62 39.61 37.37 41.66 38.79 43.23 39.81 44.31 40.19 44.71 46.87 41.23 43.77 46.67 43.61 48.38 

8.0 31.47 29.61 36.68 38.66 36.66 38.26 42.98 44.49 46.42 46.03 48.38 60.83 62.74 63.98 54.39 66.79 69.10 58.80 
9.0 38.30 35.98 42.89 44.12 43.02 46.94 61.66 63.37 64.42 66.06 67.93 60.82 63.08 64.44 64.90 66.67 70.37 70.09 

10.0 46.74 42.91 60.84 62.34 61.01 54.26 61.03 62.99 64.16 64.80 68.26 71.60 74.23 76.74 76.24 78.17 82.47 82.26 
11.0 63.79 50.39 69.40 61.19 69.62 93.22 71.13 73.33 74.63 76.27 79.32 83.17 66.19 87.86 88.39 90.60 96.39 96.27 
12.0 62.43 58.41 68.68 70.68 68.84 72.81 81.92 84.38 86.81 86.46 91.14 96.62 98.96 100.76 101.33 103.83 109.12 109.12 

16.0 91.86 86.69 99.72 102.86 100.10 106.26 118.39 121.68 123.62 124.11 130.96 137.08 141.87 144.17 144.83 148.27 166.02 166.68 
20.0 162.21 141.46 163.20 168.44 163.76 171.19 192.37 197.22 199.82 200.19 211.36 220.92 228.36 231.63 232.32 237.61 246.67 248.73 
26.0 226.10 209.67 240.62 246.30 241.20 261.26 282.06 288.71 292.16 2S2.12 308.46 322.11 332.66 336.73 337.61 344.77 356.34 380.62 
30.0 312.97 269.64 331.06 341.78 331.84 344.82 386.74 396.39 399.70 399.16 421.46 439.80 453.93 468.92 459.84 469.l8 483.16 490.10 
36.0 412.36 380.89 434.31 448.36 436.14 461.32 506.78 616.63 621.88 620.64 549.70 673.32 691.43 697.36 698.28 609.91 626.36 636.38 

40.0 623.8 483.3 649.8 667.6 660.6 670.3 638.7 661.9 668.1 666.0 692.6 722.0 744.6 761.4 762.3 766.4 786.3 799.0 
46.0 647.0 696.3 677.1 698.9 677.9 701.3 784.9 BOO.7 807.9 604.9 849.6 886.4 912.7 920.6 921.3 936.0 969.6 977.2 
60.0 781.6 719.7 816.9 842.1 816.6 843.9 944.1 982.6 970.9 966.7 1020.3 1063.0 1096.6 1104.2 1104.8 1124.3 1148.4 1170.6 
66.0 927.2 863.1 966.8 996.7 986.4 997.9 1116.8 1137.1 1146.6 1141.1 1204.3 1264.3 1292.4 1302.0 1302.4 1324.8 1361.6 1378.4 
60.0 1083.6 996.4 1126.6 1162.6 1127.0 1162.9 1299.7 1324.1 1334.7 1327.7 1401.2 1469.1 1603.1 1613.6 1613.7 1639.0 1668.6 1600.4 

66.0 1260. 1149. mg. :E? ::z 1339. :::t 1623. 1636. 1628. :x:: . 1677. 1727. 1738. 1738. 1767. 1799. 1836. 
70.0 1428. 1311. 

1872: 1932: 1872: 
1526. 

2151: 
ZXb: 1747. 1736. 

2311: 
::%: 1976. 1976. :s 2043. 2086. 

80.0 1812. 1663. 1927. 2206. 2190. 2490. 2488. 2668. 2623. 

1%: 2236. 2694. 2049. 2469. 2304. 2772. ;;W.&. . 2303. 2770. 2369. 2848. 2643. 3176. 3229. 2688. 2706. 3260. 3226. 2688. 2836. 3403. i;;: 3539: 3036. 3543. 3061. 3869. 3049. 3666. 3708. 3094: 3143. 3764. 3210. 3844. 

160.0 6604. 6034. 6620. 6793. 6613. 6766. 6408. 6609. 6643. 6487. 6839. 7108. 7314. 7336. 7324. 7417. 7616. 7669. 
200.0 9076. 8276. 9208. 9493. 9206. 9420. 10480. 10641. 10881. 10677. 11161. 11491. 11846. 11947. 11924. 12139. 12460. 
260.0 13286. 12070. 13434. 13700. 16237. 16612. 16606. 

12066. 
13400. 13820. 16343. 16177. 16694. 17122. 17331. 17284. 17613. 17614. 18016. 

300.0 18024. 16342. 18110. 18680. 18183. 18602. 20674. 21036. 20913. 20684. 21809. 22314. 23034. 23368. 23286. 23614. 23629. 24240. 
360.0 23224. 21026. 23267. 24003. 23382. 23769. X414. 27099. 26827. 26623. 27963. 28668. 29497. 29943. 29839. 30276. 33099. 31034. 

400.0 28827. 26072. 26816. 29731. 28976. 29412. 32692. 33611. 33184. 32797. 34676. 36289. 38442. 37014. 36877. 37427. 37166. 38326. 
460.0 34787. 31440. 34711. 36616. 34916. 36416. 38368. 40617. 39929. 3463. 41669. 42422. 43810. 44612. 44339. 46008. 44836. 46063. 
600.0 41069. 37090. 40912. 42218. 41161. 41727. 46366. 47770. 47019. 46447. 48967. 49919. 61663. 62388. 62176. 62968. 62491. 64187. 

.*~...*...*...*..l......~*....*.*.*.***...******.....*.**..*.**~*~*.***.*.*.***...****.**.*......~...*..*......*~*....*.**.*....*... 
E/A Sli TE BA IA PR SK CD Ii0 lH LU TA FiE IR AU PB BI I8 

60 52 66 67 69 62 64 67 69 71 73 76 7-f 79 82 83 90 92" *.**...l...l****...*.*..*.........***..~.~**...*~...**~...*.**.*...***~****.*.*.*~~.**~*....~.*..*...........*.*.*~....~*****...*..* 
2.6 13.37 13.86 14.91 16.18 16.73 16.60 16.98 17.66 17.92 18.28 18.67 19.10 19.61 19.83 20.29 20.62 26.61 27.34 
3.0 18.69 17.21 18.24 18.49 19.06 20.00 20.68 21.36 21.78 22.24 22.69 23.18 23.73 24.10 24.69 24.91 29.96 
2 

31.84 
20.06 23.76 20.82 24.68 21.82 26.66 26.83 22.04 22.61 26.42 27.76 23.76 24.41 28.62 26.39 29.69 30.26 26.89 26.44 30.91 31.60 26.97 27.61 28.20 28.62 29.16 29.46 34.69 36.61 

32.10 3Z.94 33.41 33.99 34.27 39.69 
4.6 27.69 

41.67 
28.79 29.73 29.88 30.47 32.00 32.88 34.26 34.89 36.63 36.30 36.S6 37.94 38.47 39.09 39.36 44.99 47.02 

6.0 31.87 33.16 34.06 34.17 34.76 38.60 37.60 39.07 39.77 40.62 41.36 42.03 43.21 43.79 44.47 
6.6 

44.73 60.67 62.6~3 
36.29 37.76 38.64 38.71 39.30 41.26 42.37 44.14 44.92 46.87 46.69 47.48 48.76 49.39 50.13 56.44 

6.0 40.96 42.61 43.46 43.60 44.08 46.26 47.60 
60.36 66.69 

49.48 60.32 61.38 62.28 63.13 64.66 66.28 66.08 66.27 82.69 
6.6 46.86 47.71 

64.81 
48.63 48.63 49.10 61.60 62.87 66.07 66.98 67.14 68.13 69.06 60.62 

7.0 
61.40 62.26 62.48 69.03 

60.98 63.06 63.84 63.80 54.38 66.99 68.60 
71.32 

60.91 61.90 63.17 64.24 86.22 66.96 67.80 68.73 68.91 76.76 78.11 

8.0 61.96 64.47 66.19 66.06 66.69 68.71 70.60 73.36 74.48 76.99 77.24 78.36 
9.0 

80.42 81.40 82.47 82.62 80.04 
73.83 76.83 77.49 77.26 77.74 

92.64 
81.39 83.47 86.79 88.06 89.81 91.26 92.61 94.91 97.28 

10.0 
96.04 97.38 108.09 

86.61 90.13 SO.71 go.37 90.81 96.01 97.41 
106.42 

101.20 102.62 104.62 106.26 107.68 110.43 
11.0 100.28 104.36 104.86 104.40 104.78 

111.70 113.12 113.18 121.89 124.73 
109.66 112.28 116.67 118.14 120.40 122.26 123.83 126.94 128.38 

12.0 114.83 
129.99 130.00 139.43 142.44 

119.48 119.91 119.33 119.64 126.01 128.09 132.89 134.61 137.16 139.22 140.96 144.44 146.04 147.87 147.83 168.02 161.22 

16.0 163.6 170.2 170.3 169.4 169.4 176.7 180.9 187.4 189.6 193.0 196.8 198.0 202.7 204.8 207.4 
20.0 

207.2 219.9 
261.2 271.6 271.3 

223.8 
269.6 268.9 280.0 286.4 296.9 298.9 304.0 308.2 311.4 

26.0 378.3 
318.3 321.3 325.4 324.9 342.7 

393.2 
347.8 

392.4 389.6 388.0 403.6 412.6 426.3 429.3 436.3 442.0 446.4 466.8 469.8 466.8 
30.0 613.8 

464.9 488.7 
633.9 632.6 626.8 646.4 674.7 

495.2 
628.6 668.2 679.6 688.7 696.2 601.8 

36.0 666.9 707.6 
614.1 619.0 627.3 626.0 

692.9 690.7 686.7 681.4 722.6 
656.6 664.7 

743.0 748.9 760.3 769.9 TT6.7 792.1 798.0 808.9 807.2 846.5 855.3 

it:: 1023.3 837.0 1062.9 809.6 1069.0 866.6 1061.1 860.0 1043.1 864.0 1081.9 886.2 1104.1 904.7 1133.6 929.6 1141.6 936.6 960 3 
1168:l 

B62 1 

60.0 
1172'2 

970 4 989 0 $96 0 1009 9 1007 6 1054 3 1066.2 

1226.4 1272.6 1267.8 1266.2 1248.0 1294.0 1320.1 1364.3 1363.6 1382.9 1399:s 
1182'0 1204'2 1212'2 1229'3 1262'4 1296 4 

66.0 1442.7 
1411:O 1436:9 

1498.1 1492.3 1480.9 1468.3 1621.8 
1446:O 1466:7 

1662.2 1691.6 
$226'4 1463:2 1529:1 1545:4 

1602.0 1624.3 1643.6 1666.8 60.0 1674.7 1738.9 1732.1 1716.8 1703.6 1766.1 1686.7 1799.9 1696.8 1721.3 l793,a 1844.6 1866.3 1812.4 1881.7 1717.1 
1903.9 1918.9 1962.9 1964.0 1992.7 1987.8 2tn6.8 2097.0 

66.0 1921. 1996. 1987. 1971. 1963. 2023. 2113. 2126. 2166. 2180. 
70.0 

2197. 2236. 
;;74;. 2266. 2238. 2296. 

CE. 2247. 2280. 
2396. 2276. 2376. 2411. 2443. 2471. 

i2: 
2490. 2533. 2646. 2684. :2!8: 

3483: 3469. 2635. 3442. 2813. 
%a~ 
3406: 2883. 3626. 3691. 2939 : 22: z:* E%: 3098. 

z&ii. 
3174. 3189. 3237. EB. i%ik 3401. 

100.0 4171. 4414: 3782. 4551: zi: 3890. 394s. 3939: y; . 4163. 4121. 4077. 4218. 4296. 4391. 4469. 
4519. 4646. 4716. 4703. 

yt. 

160.0 8014. 8.316. 6279. 8213. 8116. 8388. 8637. 8709. 8748. 8860. 8947. 200.0 9007. 13006. 13492. 13436. 9144. 13330. 13160. 13596. 9292. 9684 13830. 14091. 14160. 14306. 144m. 
260.0 18822. 19512. 19491. 19334. 19076. 

14663. 14795. 
19697. 

1:;:;' 1;;:;' 15494' 1;37;:: 
20011. 20360. 23441. 20667. 300.0 25322. 20903, 26241. 21021. 2S296. 26108. 26748. 26536. 21307. 21395: 21727: 22706. 23918. 14QSg 1662: 27408. 27465. 27770. 28112. 22216: 

360.0 32416. 33686. 28242. 33719. 33606. 33037. 26607. 33993. 34460. 28748. mlQ&t. 
39 

108. 29714. Jo446. 36071. 35121. 36611. 36967. 36110. 38561. 38757. 37335. 37218. 37684. 38876. 

400.0 40028. 41466. 41682. 41442. 50864. 41991. 42629. 43286. 43329. 43810. 44386, 
450.0 48096. 

44644. 
49618. 50117. 

45083, 
49849. ,$I=. 50463. 

45339. 46063. 45907. 46639. 47904. 
61086. 61987. 62022. 62697. 600.0 56664. 53299. 68686. 58971. 58673. 57627. 69363. 63473. 64104. 60067. 84422. 55279. 55103. 55907. 57457. 

61116. 61141. 61816. 62648. 62640. 63666. 63947. 64952. 64747. 65630. 67473. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

EMCTROIIC STOPPIlG PO9ER II UIITS OF lW/0fG/SQ a'0 
16 

0 Ions 
8 

E/A BE sC 121Bi 131L 14Sf locl 221T 24cR z8FE 2811 (XI GE SE SR 26 X0 69 
4 23 32 34 36 40 42 46 4iG 

.*.**..~*t*t**~+.*~..~.*..*.******************..****.*****....****.*~**~**~~*~.~.*.*.*~**.**..**.*....*******************.********** 
::t! 8.036 6.430 6.336 6.716 4.612 6.272 6.079 4.638 6.189 4.744 4.681 4.478 4.268 3.918 4.iOf 3.782 4.011 3.706 3.940 3.660 3.707 3.439 3.619 3.267 3.129 3.362 3.297 3.071 3.276 3.061 3.iS8 2.966 2.867 2.696 2.998 

2.792 

4:6 :*: 
4.937 6.211 4.423 4.206 4.3S7 4.133 3.624 3.606 3.438 3.396 3.199 3.044 2.920 2.868 2.861 2.706 2.644 
4.629 4.168 4.440 4.792 3.837 3.681 3.161 3.371 

2.SlS 
4.092 3.809 3.946 3.676 4.046 3.766 3.2M 3.066 3.206 3.003 3:172 2.976 2.990 2.806 2.S76 2.848 2.736 2.672 2.688 2.628 2.673 2.616 2.69S 2.446 2.404 2,277 2.469 

2.319 

2: 3.S46 3.896 4.138 3.876 3.663 3.349 3.440 3.234 3.318 3.628 3.369 3.183 2.969 2.789 2.871 2.710 2.824 l.SS7 2.803 2.649 2.600 2.644 2.622 2.3813 2.427 2.298 2.387 2.261 2.378 2.261 2.311 2.191 2.183 2.069 2.081 2.193 

8-Z 
710 

3.234 3.426 3.660 3.449 3.100 2.992 3.062 2.891 3.133 2.9S8 2.SSO 2.83S 2.S39 2.6OS 2.SSS 2.437 2.627 2.402 2.613 2.390 2.267 2.372 2.2S4 2.166 2.182 2.079 2.140 2.047 2.139 2.039 2.083 1.98S 1.965 1.880 1.981 1.890 
3.063 3.171 2.842 2.746 2.821 1.698 2.386 2.311 2.289 1.260 2.163 2.067 1.984 1.966 1.948 1.899 1.802 1.807 

to:0 E 

2.774 2.908 2.686 2.600 2.669 2.4SO 2.179 2.123 2.094 2.086 1.973 1.886 1.821 1.798 1.789 1.746 l.SS6 1.664 

2:638 2.342 2.720 2.614 2.375 2.196 2.286 2.126 2.3Sl 2.188 2.2’64 2.099 2.007 l.S43 1.968 1.818 1.796 1.932 1.929 1.794 1.696 1.623 1.743 1.623 l.S86 1.609 1.662 1.649 1.667 1.644 1.616 1.609 1.649 1.449 1.643 1.440 

ii::: 2.176 2.033 2.338 2.1811 2.048 1.916 1.880 1.866 2.037 1.909 1.968 1.837 1.739 1.S32 I.698 1.696 1.678 1.677 1.078 1.677 1.686 1.491 1.519 1.428 1.4SS 1.382 1.461 1.3SS 1.447 1.363 1.416 1.333 1.362 1.287 1.361 1.274 

it: 

26:0 

1.360 1.706 1.468 1.640 1.616 1.294 1.163 1.666 1.612 1.291 1.664 1.248 1.113 1.303 1.364 1.091 1.339 1.060 1.342 1.084 1.269 1.020 0.984 1.217 0.966 1.179 0.946 1,166 0.946 1.164 0.927 1.140 O.SOS 1.106 0.889 1.091 

1.134 1.230 1.087 1.061 1.066 I.061 0.938 0.920 0.913 0.917 0.868 0.933 0.809 0.802 0.802 0.787 0.771 0.766 

z:: 0.979 0.866 0.942 1.064 0.942 0.836 O.Sl? 0.609 O.S41 0.636 0.912 0.610 0.816 0.716 0.801 0.712 0.796 0.707 0.799 0.711 0.767 0.674 0.727 0.647 0.706 0.628 0.700 0.624 0.700 0.624 0.614 0.686 0.676 0.804 0.662 0.691 

40.0 0.7781 0.8472 0.7624 0.7292 0.7626 0.7309 0.6646 0.6432 0.6366 0.6427 0.6091 0.6663 0.6686 0.6663 0.6666 0.6688 0.6483 O.‘63SO 
46.0 0.7086 0.7722 0.6987 O.SS66 0.6870 0.6677 0.6903 0.6882 0.6842 0.6882 0.6676 0.6369 0.6206 0.6179 0.6183 0.6106 0.5032 0.4918 
60.0 0.6620 0.7110 0.6330 0.6136 0.6334 0.6161 0.6623 0.6431 0.6396 0.6436 0.6162 0.4964 0.4813 0.4791 0.4796 0.4726 0.4SSl 0.4666 
66.0 0.6049 0.6601 0.6884 0.6704 0.6888 0.6731 0.6140 0.6055 0.6024 0.6062 0.4799 0.4816 0.4484 0.4466 0.4470 0.4407 0.4360 0.4261 
60.0 0.6662 0.6170 0.6606 0.6338 0.6611 0.63SS 0.4814 0.4737 0.4708 0.4746 0.4499 0.4327 0.4106 0.4169 0.4194 0.4137 0.4084 0.3991 

66.0 0.6311 0.6600 0.6181 0.6024 0.6186 0.6062 0.4634 0.4461 0.4437 0.4472 0.4241 0.4080 0.3966 0.3961 0.3966 0.3903 0.3866 0.3769 
70.0 0.6016 0.6480 0.4899 0.4761 0.4906 0.4780 0.4291 0.4224 0.4201 0.4236 0.4016 0.3864 0.3766 0.3743 0.3749 0.3700 0.3666 0.3674 
60.0 0.4S28 0.4960 0.4433 0.4300 0.4439 0.4319 0.3889 0.3819 0.3809 0.3842 0.3844 0.3607 0.3408 0.3399 0.3406 0.3381 0.3323 0.3260 
60.0 0.4t41 0.4530 0.4083 0.3941 0.4069 0.3971 0.3608 0.3514 0.3497 0.3629 0.3347 0.3222 0.3132 0.3126 0.3130 0.3092 0.3067 0.2992 

100.0 0.3627 0.4186 0.3761 0.3S49 0.3767 0.3678 0.3307 0.3258 0.3241 0.3173 0.3106 0.2989 0.2906 0.2900 0.2906 0.2872 0.2839 0.1760 

160.0 0.1849 0.3124 0.2820 0.2738 0.2826 0.2763 0.2468 0.2463 0.2444 0.2470 0.2344 0.2168 0.2196 0.2193 0.2198 0.2176 0.2160 0.2112 
200.0 0.2334 0.2687 0.1340 0.2267 0.2326 0.2291 0.2OSO 0.2024 0.2031 0.2066 0.1949 0.1920 0.1667 0.1819 0.1826 0.1802 0.1821 0.1767 
260.0 0.2037 0.2260 0.2048 0.1966 0.1031 0.2008 0.1806 0.1766 0.1782 0.18Q4 0.1711 0.1186 0.1630 0.1698 0.1606 0.1678 0.1601 0.1647 
300.0 0.1836 0.2037 0.1849 0.1792 0.1834 0.1814 0.1633 0.1672 0.1612 0.1632 0.1648 0.1624 0.1476 0.1447 0.1463 0.1430 0.1460 0.1402 
360.0 O.lSSO 0.1876 0.1706 0.1662 0.1692 0.1673 0.1607 0.1461 0.1488 0.1607 0.1430 0.1407 0.1362 0.1337 0.1343 0.1312 0.1340 0.129S 

400.0 0.1679 0.1764 0.1696 0.1646 0.1684 0.1667 0.1411 0.1361 0.1394 0.1412 0.1340 0.1318 0.1276 0.1264 0.1260 0.1240 0.1266 0.1218 
460.0 0.1493 0.1668 0.1610 0.1463 0.1499 0.1483 O.i336 0.1290 0.1320 0.1338 0.1270 0.1249 0.1209 0.1188 0.1194 0.1176 0.1191 0.1163 
600.0 4.1424 0.1682 0.14?2 0.1396 0.1431 0.1417 0.1276 0.1233 0.12Sl 0.1279 0.1214 0.1193 0.1166 0.1136 0.1142 0.1124 0.1139 0.1103 

.+..**...~~..*...,.***~.*....***********************.**.**..**.**.*...******~~.*.~.*.....***.*..*...****************..*....**.*.~*** 
E/A SB R 81 LA fTt  SII Go HO ‘111 LU TA rli3 III IV PB BI l-B 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 a2 83 90 92” 
..r.***..*i...r..*....*....*...*....~*.**~*~~~~~*~~~~*~~*~~~**~*****.*.****~*****~~****~~~~~~~******~~~**~*~*~~~*~~***~~****~******* 

Z 2.811 2.633 2.690 2.622 2.713 2.642 2.664 2.737 2.721 2.663 2.676 2.423 2.603 2.367 2.241 2.372 2.327 2.202 2.162 2.271 2.232 2.116 1.199 2.087 2.124 1.010 2.100 1.997 2.083 1.980 1.090 1.988 2.014 1.912 1.993 1.892 

3.i 
4:6 

2..471 2.326 2.368 2.229 1.386 2,246 1.406 2.264 2.399 2.160 1.181 2.162 2.210 1.096 2.118 2.004 2.083 1.973 2.037 1.931 2.006 l.SOl 1.979 1.877 1.918 1.822 1.8913 1.802 1.786 1.879 1.886 1.791 1.813 1.721 1.796 1.703 
2.196 2.106 2.119 2.137 2.136 2.036 1.964 1.900 1.872 1.634 1.806 1.784 1.734 1.714 1.698 1.703 1.637 1.620 

6.0 2.078 1.994 2.007 2.023 1.023 1.931 1.883 1.806 l.781 1.746 1.719 1.699 1.663 1.636 1.819 1.623 1.669 1.643 

El 1.973 1.879 1.604 1.894 l.SOS 1.616 1.922 1.830 1.923 1.832 1.837 1.762 1.792 1.709 1.721 l.S43 1.698 1.623 1.666 1.692 1.641 1.669 1.822 1.661 1.679 1.611 1.662 1.496 1.648 1.480 1.660 1.484 1.489 1.426 1.474 1.410 

78:: 1.794 1.710 1.722 1.648 1.733 1.668 1.747 1.672 1.760 1.676 1.604 1.674 1.S34 1.666 1.673 1.609 1.664 1.491 1.626 1.4S4 1.603 1.443 1.487 1.428 1.449 1.392 1.434 1.378 1.419 1.363 1.423 1.367 1.306 1.312 1.362 1.298 

t:: l.SBl 1.488 1.619 1.410 1.628 1.418 1.430 1.640 1.646 1.436 1.48l 1.376 1.446 1.346 1.39S 1.300 1.380 1.286 1.366 1.204 1.337 1.247 1.323 1.234 1.292 1.208 1.279 1.194 1.181 1.286 1.268 1.164 1.217 1.138 1.204 1.124 
10.0 1.371 1.317 1.324 1.336 1.341 1.287 1.268 1.217 1.206 1.186 1.169 1.168 1.132 1.121 1.106 1.111 1.088 1.066 
11.0 1.187 1.237 1.243 1.263 1.269 1.210 1.183 1.146 1.136 1.116 1.101 1.091 1.067 1.067 1.044 1.047 1.004 0.994 
12.0 1.113 1.167 1.173 1.181 1.188 1.142 1.117 1.082 1.073 1.066 1.042 1.032 1.010 1.001 0.989 0.991 0.961 0.941 

16.0 1.040 1.001 1.006 1.014 1.020 0.982 0.861 0.933 0.926 0.911 0.899 0.891 0.873 0.866 0.866 0.868 0.822 0.814 

30:o $4 

0.848 0.816 0.620 0.827 0.833 0.803 0.786 0.766 0.700 0.749 0.740 0.733 0.720 0.714 0.706 0.707 0.678 0.671 

0.722 0.632 0.696 0.609 0.698 0.611 0.704 0.817 0.710 0.622 0.086 0.801 0.669 0.671 0.054 0.676 0.650 0.671 0.841 0.603 0.633 0.567 0.628 0.662 0.617 0.643 0.640 0.613 0.804 0.632 
0.606 0.681 0.576 
0.633 0.612 0.607 

36.0 0.6S6 0.644 0.647 0.661 0.666 0.637 0.627 0.616 0.612 0.606 0.499 0.496 0.487 0.484 0.477 0.479 0.469 0.466 

40.0 0.6126 0.4938 0.49SO 0.6000 0.6060 0.4879’0.4787 0.4S78 0.4652 0.4693 0.4641 0.4507 0.4433 0.4411 0.4346 0.4367 0.4180 0.4142 
46.0 0.4704 0.4633 0.4663 0.4689 0.4637 0.4482 0.4398 0.4301 0.4278 0.4224 0.4177 0.4147 0.4079 0,4061 0.4000 0.4011 0.3848 0.3813 
60.0 0.4368 0.4199 0.4118 0.4261 0.4298 0.4164 0.4076 0.3990 0.39SS 0.3920 0.3876 0.3849 0.3788 0.3771 0.3714 0.3724 0.3674 0.3642 
66.0 0.4067 0.3919 0.3937 0.3968 0.4013 0.3880 0.3909 0.3728 0.3710 0.3664 0.3624 0.3699 0.3641 0.3628 0.3474 0.3484 0.3343 0.3313 
60.0 0.3820 0.3661 0.3698 0.3727 0.3770 0.3646 0.3680 0.3605 0.348S 0.3448 0.3409 0.3386 0.3333 0.3320 0.3269 0.3278 0.3146 0.3116 

66.0 0.3S.07 0.3476 0.3491 0.3619 0.3SSO 0.3444 0.3382 0.3313 0.3297 0.3268 0.3223 0.3201 0.3162 0.3140 0.3092 0.3100 0.2976 0.2960 
70.0 0.3420 0.3197 0.3311 0.3338 0.3378 0.3207 0.3209 0.3146 0.3130 0.3094 O.JOSO 0.3039 0.1993 0.2983 0.2937 0.2946 0.2817 0.2802 
80.0 0.3111 0.2999 0.3012 0.3037 0.3074 0.2974 0.1 % 22 0.28BS 0.2862 0.2819 0.2789 0.277l 0.2729 0.2721 0.2678 0.2686 0.2679 0.2666 
80.0 0.2lM4 0.2781 0.2773 0.2796 0.2830 0.2739 0.1 92 0.2S40 0.2629 0.1000 0.2572 0.1666 0.2618 0.2610 0.2471 0.2478 0.2379 0.1369 

100.0 0.2SSl 0.2886 0.2677 0.1SS8 0.2631 0.2647 0.2603 0.24SS 0.2446 0.2419 0.2394 0.2378 0.2344 0.1337 0.2301 0.1307 0.2216 0.2197 

160.0 0.2022 0.1949 0.1968 0.1974 0.2001 0.1938 0.1907 0.1874 O.lSS7 0.1848 0.1819 0.1617 0.1793 0.1788 0.1760 0.1766 0.1696 0.1681 
200.0 0.1683 0.1026 0.1626 0.1038 0.1662 0.1611 O.lS8S 0.1860 0.1666 0.1639 0.1624 0.1614 0.1496 0.1490 0.1468 0.1472 0.1463 0.1400 
260.0 0.1481 0.1430 0.1416 0.1426 0.1448 0.1407 0.1393 O.lMS 0.1370 0.1364 0.1334 0.1332 0.1317 0.13OS 0.1287 0.1291 0.1282 0.1242 
300.0 0.1342 0.1297 0.1183 0.1267 0.1306 0.127S 0.1264 0.1242 0.1243 0.1219 0.1211 O.llOS 0.1198 0.1188 0.116% 0.1173 0.1166 0.1128 
360.0 0.1242 O.llSB 0.1187 0.1101 0.120s 0.1181 O.fitO 0.1180 0.1161 0.1138 0.1122 0.1120 0.1108 0.1100 0.1083 0.1087 0.1079 0.1040 

4Q0.0 0.1166 0.1126 0.1,14 0.1117 0.1134 O.llOS O.lQSS 0.1080 0.1081 0.1068 0.1064 0.1062 0.1041 0.1034 0.1018 0.1021 0.1013 0.0983 
460.0 0.1106 0.1067 0.1067 O.lOSO 0.1076 0.1062 0.1042 0.1026 0.1016 0.1016 0.1000 0.0998 O.OWS 0.0902 0.0967 0.0970 0.09SZ 0.0934 
SQO.0 0.1066 0.1021 O.lO,l 0.1014 0.1030 0.1007 O.OSSS O.OS80 O.OS81 O.OS71 0.0967 0.0966 0.0946 O.QS4Q 0.0926 0.0928 0.0921 0.0894 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

IUKE 11 WITS OF X/SQ a 
18 

0 109s 
8 

wA 4= gc 12= 131L 14= 2ocp 12l-I 
+**.,~l*+.C*t*t.**.**....********************..****.**. 

::i 
4.970 4.740 8.626 6.690 8.460 7.697 8.230 
8.389 8.071 9.216 9.240 9.084 9.310 10.190 

z 
7.918 7.639 9.961 10.040 8.823 11.171 12.314 
9.810 9.141 11.833 11.991 11.728 13.181 14.806 

4:6 11.448 10.877 13.880 14.092 13.778 16.340 17.081 

CR F6 NI aJ GE SE SR za HO SE 
24 28 28 29 32 34 36 40 42 46 4;” 

**+*t++***...**.*..**...*.***.*..~.*.*.*.**..*****************. l **********.** 

6.666 9.030 9.380 9.640 10.120 10.460 10.970 11.190 11.403 11.780 12.080 
10.721 11.108 11.471 11.762 12.461 12.910 13.486 13.722 14.016 14.843 14.631 
12.920 13.349 13.744 14.198 16.019 16.688 18.183 18.438 16.617 17.899 17.792 
16.268 16.760 18.183 18.784 17.737 18.398 19.088 19.336 19.606 20.936 20.946 
17.621 16.340 16.789 19.647 20.837 21.416 22.138 22.422 22.962 24.366 24.300 

2: 
13.43 12.74 18.03 18.34 16.97 17.86 19.88 
16.66 14.74 18.36 18.74 18.31 20.10 22.47 

;:; 
17.82 18.87 20.81 21.29 W.80 22.71 26.42 
20.22 19.13 23.41 23.99 23.42 26.48 28.63 

. 22.77 21.61 zB.18 28.82 28.19 29.36 31.80 

20.62 21.09 21.68 22.46 23.72 24.82 26.39 26.70 28.36 
23.39 24.00 24.60 26.80 28.96 26.01 28.64 29.18 29.91 
28.43 27.09 27.80 28.86 30.43 31.66 32.47 32.60 33.86 
29.83 30.34 30.68 32.34 34.06 36.34 38.29 38.64 37.69 
32.99 33.76 34.29 36.97 37.66 39.26 40.29 40.66 41.71 

27.98 27.66 
2.5: ;;.;4 

39:es 3s:e7 
44.24 44.00 

8.0 28.28 28.86 32.07 32.94 32.14 34.67 38.83 
9.0 34.30 32.29 38.63 39.82 38.84 41.36 48.49 

10.0 40.87 38.41 46.64 48.87 46.89 48.70 64.77 
11.0 47.98 46.02 63.08 64.88 63.28 68.69 83.88 
12.0 66.68 62.09 81.18 83.03 81.39 86.03 73.17 

16.0 81.47 78.12 98.63 91.31 88.87 93.68 106.23 
W.0 134.47 126.18 144.22 146.68 144.72 161.42 170.16 
26.0 199.29 164.98 211.99 216.84 212.80 221.80 246.78 
30.0 276.48 266.13 291.30 300.73 291.99 303.66 340.60 
35.0 382.64 336.23 381.70 394.04 392.44 398.60 444.89 

40.21 41.07 41.83 43.76 46.96 47.71 48.63 49.23 60.60 63.49 63.24 
48.06 49.03 49.81 62.19 64.61 68.66 68.10 68.63 80.03 83.48 83.23 
68.66 67.82 68.22 61.30 84.33 88.70 88.06 88.64 70.26 74.16 73.97 
66.88 88.66 87.46 71.08 74.63 77.24 78.78 79.26 81.24 66.64 86.46 
76.39 78.89 77.29 61.47 66.40 68.46 90.13 SO.86 92.89 97.83 97.86 

106.19 109.66 110.40 118.46 121.96 128.22 126.30 126.91 131.97 136.00 136.61 
174.46 178.60 177.17 167.03 196.63 202.13 204.97 206.89 210.30 216.44 220.28 
264.87 267.72 267.76 272.14 284.22 293.66 297.19 297.96 304.32 314.67 318.26 
348.11 361.94 361.60 371.13 367.32 399.77 404.22 406.08 413.27 426.66 431.86 
464.27 466.92 467.08 493.62 604.23 620.17 626.43 628.27 638.62 661.06 669.66 

40.0 480.2 424.9 462.6 496.4 483.6 600.9 681.0 

~~~ 
686.1 624.0 694.2 813.4 696.0 816.8 889.0 

66:o 
896.9 832.1 716.7 736.7 718.4 740.6 628.3 
813.4 746.9 848.9 874.0 847.6 676.2 976.8 

60.0 960.3 674.4 B87.8 1019.1 986.0 1019.8 1139.6 

%I: 
lose. 1006. 1337. 1174. 1136. 1173. 1311. 
1261. 

it: 
1666. :::i. :z: 

1492. 

672.7 676.2 678.4 806.6 834.4 864.2 880.3 881.1 673.6 890.2 702.2 
702.9 709.3 708.7 748.0 777.4 801.4 808.3 809.0 623.7 842.7 666.2 
844.8 662.0 846.3 896.4 932.9 981.4 989.1 989.7 986.6 1006.0 1027.4 
997.4 1006.7 1000.9 1068.4 1100.3 1133.7 1142.2 1142.8 1182.2 1166.8 1209.3 

1181.0 1170.3 1184.3 1228.7 1279.4 1316.1 1327.3 1327.6 1349.7 1376.6 1403.8 

1oo:o 
1966. 1798: 

1337. flme”o: ;;wt. 
1892. 1666. 

2016. 2081. 2017. 2076: 2316. 
2380. 2184. 2427. 2604. 2428. 2494. 2761. 

160.0 
%?:t. 

4406. 4919. 6071. 4914. 6039. 6810. 
100.0 8309. 8067. 6246 
260.0 11827: 1% 1% 12096 11767. 11969: l:::J? 
300.0 16774. 14303: 16846: 18347: 16912. 18192. 16006: 
360.0 20324. 18402. 20381. 21006. 20481. 20791. 23114. 

1336. 1346. 1338. 
:Ek 

1470. 1614. 1624. 1624. 
1619. 1631. 1622. 1872. 1722. 1732. 1732. :% 
1916. 1931. 1919. 2026. 2107. 2169. 2181. 2160. 2214: 
2366. 2370. 2364. 2463. 2664. 2880. 2873. 2871. 2711. 
2628. 2648. 2628. 2960. 3100. 3191. 3206. 3202. 3246. 

6898. 6726. 6879. 6987. 8222. 6403. 8421. 8411. 8493. 
9313. 9346. 9266. 9760. 10067. 10386. 10467. 10437. 10660. 

13678. 13689. 13426. 14168. 14623. 14986. 16187. 16127. 16327. 
18409. 18301. 18101. 19066. 19627. x)168. 20441. W376. 20881. 
23714. 23478. 23210. 24471. 26000. 26613. 26203. 2-3112. 28494. 

1677. 1810. 
1791. 1626. 

%E? 
2296. 

3297: %:: 

8679. 8713. 
10826. 10697. 
16326. 16787. 
W692. 21214. 
28340. 27169. 

400.0 26227. 22817. 26218. 28017. 26366. 26738. 18806. 29412. 29036. 28700. 30268. 30881. 31890. 32390. 32270. 32762. 32614. 33638. 
460.0 30441. 27613. 30374. 31341. 30662. 30990. 34440. 36466. 34941. 34624. 38393. 37122. 38337. 38961. 38800. 39366. 39038. 40300. 
600.0 35929. 32468. 35800. 38943. 38018. 38613. 40672. 41601. 41144. 40844. 42641. 43862. 46111. 46843. 46667. 48361. 46933. 47399. 

. ..*L.....***...*..+..*..**.******************.*******. 
E/A SI n BA LA PB SU CD 

60 62 68 67 69 82 84 
.**++*+***..C*.,.*...~*.....~....*..~.*.*.*.~.*.*...... 

;:t 
12.84 13.10 14.10 14.37 14.66 16.62 18.07 
16-66 18.17 17.16 17.39 17.92 16.63 19.38 

:*i 
16.72 19.44 20.40 20.61 21.16 22.23 22.68 

4:6 
22.08 22.93 23.68 24.04 24.69 26.64 28.67 
26.80 26.82 27.63 27.66 26.23 29.68 30.60 

.**r*.**.....*.+**********~*....****..*..*.***************.***. t.*....*****t. 
80 l?l LU TA RE IB AU PB BI nl 

87 89 71 73 76 77 79 82 83 90 s2” 
.~~**11**1*.*..*.**.**~~*..***.**.*.*.~.**..............*..~.** ..*...*.***I** 

18.86 17.00 17.34 17.70 16.08 18.48 16.61 19.25 IS.41 20.77 21.20 
20.12 20.63 20.98 21.38 21.82 22.33 22.72 23.19 23.33 24.64 26.32 
23.79 24.27 24.76 26.27 26.76 28.39 28.63 27.34 27.47 29.14 29.88 
27.86 28.22 26.62 29.38 29.91 30.87 31.16 31.71 31.62 33.87 34.24 
31.76 32.36 33.07 33.88 34.26 36.17 36.71 36.30 38.40 38.44 39.06 

E 
19.36 30.63 31.41 31.62 32.08 33.?0 34.84 
33.30 34.66 36.60 36.66 3~3.14 37.96 38.99 

$:i 
37.48 38.96 39.60 39.66 40.41 42.41 43.67 
41.62 43.62 44.31 44.33 44.66 47.06 48.36 

. 48.38 48.26 49.04 49.01 49.66 61.97 63.36 

35.10 38.78 37.64 38.22 38.87 39.90 40.49 41.13 41.22 43.46 44.12 
40.64 41.38 42.24 42.99 43.89 44.86 46.60 48.19 48.28 48.70 49.42 
46.40 48.16 47.16 47.96 48.74 60.04 50.73 61.46 61.64 64.19 64.97 
60.37 61.22 62.29 63.19 64.01 66.44 68.20 67.00 67.04 69.93 80.77 
66.67 68.46 67.84 66.82 69.60 81.08 81.89 82.76 62.78 86.91 06.61 

x4 
68.10 68.38 69.10 66.99 69.61 62.38 64.00 66.60 87.84 89.01 70.16 71.16 73.02 73.98 74.96 74.94 76.66 79.81 

1o:o 
66.81 69.32 89.97 89.78 70.28 73.67 76.47 
77.90 81.07 81.68 61.37 81.80 66.80 67.76 

76.49 79.88 61.24 62.66 63.88 66.84 98.91 88.06 88.01 92.20 93.37 

11.0 89.96 93.61 94.13 93.76 94.13 98.43 100.90 
91.22 92.62 94.33 96.61 97.07 99.66 100.76 102.06 101.97 108.76 108.06 

12.0 102.78 108.93 107.39 106.90 107.21 112.06 114.63 
104.76 108.21 106.26 109.92 111.32 114.12 116.48 118.93 118.61 122.22 123.71 
119.18 120.72 123.00 124.87 128.41 129.64 131.02 132.88 132.62 136.80 140.28 

16.0 146.8 161.6 161.7 160.9 161.0 167.6 181.3 

Sk: 
231.3 240.8 240.4 236.8 238.3 248.2 263.9 
333.9 347.1 348.6 344.1 342.7 368.6 384.4 

28 
462.7 470.4 489.2 486.9 483.4 461.8 492.0 
698.7 809.7 807.6 803.4 699.8 822.7 636.9 

187.1 189.1 172.1 174.8 178.8 180.8 182.7 186.0 104.7 193.1 196.3 
282.3 286.0 289.8 273.3 278.1 262.3 266.0 268.7 268.1 
376.6 379.3 386.6 390.8 394.4 402.6 408.4 411.7 410.6 

300.6 304.1 
426.8 433.3 

608.8 611.0 619.0 626.7 630.8 641.4 646.9 663.2 661.9 676.9 661.9 
864.0 869.3 889.3 677.7 883.6 697.3 702.8 712.2 710.6 741.3 748.6 

it8 
736.8 784.4 781.7 768.0 760.6 779.2 796.4 
898.7 933.6 930.2 923.2 918.3 960.4 689.9 

817.3 623.6 836.7 648.0 663.3 889.7 676.9 686.1 888.0 

600.0 1076.8 1117.0 1112.9 1104.6 1096.7 1138.0 1169.0 
996.6 1003.0 1017.6 1029.9 1036.6 1066.1 1086.2 1080.2 1077.6 

66.0 1286.7 1314.4 1309.4 12B9.4 1288.6 1336.6 1382.1 
1189.1 1197.3 1214.3 1226.9 1239.0 1281.6 1289.8 1286.8 1266.4 

do.0 1468.8 1626.1 1619.2 1607.8 1494.3 1646.3 1676.9 
1398.7 1406.9 1426.6 1442.6 1464.1 1460.3 1489.2 1610.6 1607.0 
1618.1 1828.6 1860.8 1870.3 1883.4 1713.3 1723.1 1746.3 1743.9 

924.1 933.4 
1123.6 1134.9 
1339.7 1362.6 
1671.3 1668.6 
1616.1 1636.6 

E:8 
1884. 
1912. 

;;W&. 1742. 

2496: ii& 

1729. ii::. 1774. 1609. 
lB82. 

ii:: 
2404. ;4:. 2441: 

2013. 2062. 
2627. 2676. 

3062. 
100.0 EE: 3863. 3836: 

2984. 3066. 3148. 
3609: 3671. 3696. 3784. 

1663. 1684. 1690. 1912. 1927. 1980. 1971. 1996. 
:;W:. 2114. 2142. :;W: 2183. 2221. 2233. :%i: 2280. 

2860. 2884. 
& g2:. 

2736. 2761. 2796. 2837. 2630. 
3276. 3313. 3337. 23;: 3408. 3460. 

. 3916. 3969. 3967, 2? 4089. . 4120. 

7824. 7669. 7746. 7833. 7808. 8008. 8168 
12334. 12366. 12622. 12867. 12739. 12924. I%% 13187’ 138:::: 
17637. 17890. 16069. 18196. 18398. 16849. 18726. 19018: 18969. 
23967. 24038. 24303. 24803. 24718. 26038. 26169. 26663. 26474. 
30891. %736. 31077. 51476. 31801. 31996. 32187. 32873. 32671. 

E%~ 
2099. 

2949 : :3Tt. 
3698. 3829: 
4293. 4332. 

160.0 7018. 7279. 7246. 7190. 7104. 7343. 7474. 
200.0 11388. 11610. 11782. 11868. 11619. 11900. 12108. 
260.0 18473. 17077. 17069, 18911, 18896. 17239. 17614. 
m.0 22181. 22986. 23013. 22848. 22634. 23223. 23667. 
360.0 28387. 29392. B608.. 29322. 28911.,29748. 3X48. 

8476. 8649. 
13669. 13791. 
19441. 19687. 
28002. 28842. 
33160. 34018. 

400.0 36028. 39287. 38476. 38286. 36761. 38748. 37217. 
460.0 42087. 49694. 43867. 43822. 42998. 44169. 44706. 

37880. 37916. 38338. 38842. 38980. 39462. 39878. 40301. 40173. 

600.0 48497. 61283. 61803. 61343. 60803. 61938. 62683. 
46493. 46623. 48027. -841. 48794. 47348. 47826. 48374. 48220. 
63461. 63603. 64094. 64821. 64990. 66824. 66969. 68836. 68869. 

40611. 41916. 
48921. 60278. 
67428. 69040. 
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F. HUBERT, R. BIMBGT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

EL.ECTROlIC 3TOPPIIG POWER IS UIITS OF lW/(IlG/SQ a) 
19 

P 101s 
9 

WA B8 
ac I2 

ni AL SI CA n cn m II aJ GE SE SR za no rtli 
4 I3 14 29 22 24 26 28 la 32 34 38 40 42 46 4;" 

*+.*....*.+..+L**..*.****~.**********************..****.***..***.**...*.****.~.*.***...**....**....**.~*************...**..**.~**.** 

if 
7.406 7.749 6.403 8.166 6.298 6.913 6.169 4.963 4.862 4.794 4.462 4.262 4.092 3.981 3.963 3.823 3.447 3.901 
6.997 7.021 6.880 6.090 6.793 S.490 4.776 4.607 4.612 4.444 4.184 3.976 3.806 3.733 3.709 3.693 3.276 3.392 

i:p 
O.OaQ 6.423 6.430 6.238 6.368 6.086 4.440 4.292 4.209 4.166 3.916 3.724 3.671 3.605 3.484 3.379 3.107 3.196 
6.611 6.923 6.043 4.806 4.982 4.721 4.149 4.014 3.941 3.898 3.874 3.498 3.369 3.300 3.281 3.186 2.960 3.016 

. 6.199 6.499 4.709 4.643 4.966 4.421 3.888 3.799 3.703 3.009 3.460 3.297 3.169 3.116 3.088 3.011 2.804 2.866 

!:8 
4.846 6.136 4.410 4.262 4.370 4.167 3.C51 3.662 3.493 3.466 3.269 3.117 2.999 2.960 1.936 2.864 2.671 2.709 
4.640 4.819 4.159 4.016 4.119 3.923 3.469 3.360 3.306 3.284 3.099 2.966 2.846 2.801 2.788 2.713 2.560 2.677 

0:: 
4.273 4.642 3.931 3.797 3.896 3.716 3.280 3.188 3.139 3.121 2.946 2.811 2.709 2.667 2.666 2.685 2.438 2.467 
4.037 4.298 3.729 3.602 3.697 3.630 3.119 3.033 2.a88 2.974 2.807 2.681 1.686 2.646 2.634 2.469 1.337 1.349 

. 3.828 4.080 3.647 3.427 3.619 3.363 2.974 2.994 2.862 2.840 2.682 2.662 2.472 2.436 2.426 2.364 2.243 2.260 

E 
3.473 3.709 3.236 3.126 3.212 3.076 2.722 2.662 2.016 2.609 2.464 1.366 2.274 2.242 2.234 1.180 2.078 2.077 

:;:; 
3.181 3.404 2.816 2.877 2.967 2.836 2.613 2.460 2.419 2.414 2.261 2.182 2.108 2.080 2.073 2.014 I.937 1.930 
2.938 3.149 2.768 2.-T 2.742 2.632 2.336 2.279 2.261 2.249 2.126 2.034 1.966 1.941 1.936 1.891 1.816 I.804 

12:o 
2.732 2.932 2.672 2.487 2.669 2.469 2.183 2.132 2.lGG 2.108 1.991 1.906 I.844 1.821 1.816 I.776 1.709 1.696 
2.666 2.746 2.411 2.332 2.400 2.308 2.061 2.001 1.981 I.982 I.874 1.794 1.737 1.718 1.7ll 1.074 1.616 1.900 

16.0 2.147 2.314 2.038 1.972 2.031 I.967 1.742 1.706 I.687 1.890 1.699 1.631 I.484 I.468 1.406 1.436 I.393 1.374 

iii:: 
1.710 I.049 1.633 1.681 1.630 I.676 1.406 1.370 I.363 I.366 I.296 1.242 1.206 1.194 1.192 1.170 1.142 1.121 
1.431 I.651 1.373 1.330 1.371 I.327 1.186 1.163 1.163 1.168 I.097 1.063 1.021 1.013 1.013 0.996 0.974 0.966 

Z:8 
I.237 I.343 1.191 1.164 1.190 1,163 1.031 1.012 1.004 1.010 0.966 0.918 0.892 0.886 0.886 0.670 0.864 0.836 
I.094 1.189 1.066 1.023 1.068 1.024 0.917 0.900 0.894 0.899 0.862 0.818 0.796 0.790 0.790 0.777 0.764 0.747 

x 
0.984 1.070 0.962 0.922 0.962 0.924 0.828 0.814 0.808 0.813 0.770 0.740 0.719 0.715 0.716 0.704 0.694 0.678 

6o:o 
0.898 0.976 0.869 0.842 0.869 0.846 0.767 0.744 0.739 0.744 0.706 0.678 0.669 0.666 0.666 0.646 0.637 0.622 
0.826 0.899 0.801 0.776 0.801 0.780 0.699 0.687 0.683 0.888 0.661 0.627 0.609 0.608 0.607 0.698 0.690 0.676 

66.0 0.766 0.834 0.744 0.722 0.746 0.726 0.660 0.640 0.636 0.840 0.907 0.684 0.667 0.666 0.666 0.666 0.660 0.638 
80.0 0,716 0.780 0.697 0.676 0.667 0.679 0.609 0.699 0.696 0.800 0.669 0.648 0.632 0.630 0.631 0.623 0.617 0.605 

86.0 0.6718 0.7336 0.6666 0.8367 0.6663 0.6393 0.6738 0.6647 0.6814 0.6600 0.6367 0.6162 0.6017 0.6000 0.6006 0.4939 0.4879 0.4769 
70.0 0.6346 0.6830 0.6199 0.6012 0.6207 0.8049 0.6431 0.6346 0.6316 0.6300 0.6063 0.4890 0.4763 0.4737 0.4744 0.4682 0.4626 0.4623 
80.0 0.6729 0.0212 0.6610 0.6441 0.6618 0.6479 0.4921 0.4846 0.4820 0.4862 0.4612 0.4438 0.4314 0.4302 0.4309 0.4266 0.4206 0.4114 
90.0 0.6240 0.6731 0.6142 0.4988 0.6149 0.6026 0.4614 0.4448 0.4428 0.4486 0.4236 0.4077 0.3963 0.3964 0.3981 0.3914 0.3869 0.3786 

100.0 0.4843 0.6299 0.4760 0.4619 0.4768 0.4665 0.4186 0.4123 0.4104 0.4142 0.3930 0.3783 0.3677 0.3670 0.3677 0.3634 0.3693 0.3619 

160.0 0.3600 0.3963 0.3669 0.3466 0.3676 0.3497 0.3148 0.3104 0.3093 0.3116 0.2S67 0.1868 0.2778 0.2776 0.7782 0.2763 0.2711 0.2673 
200.0 0.2964 0.3276 0.2961 0.2869 0.2943 0.2900 0.2608 0.1662 0.2671 0.1601 0.2466 0.2430 0.1360 0.2302 0.1311 0.2281 0.2306 0.2224 
260.0 0.2679 0.2801 0.2692 0.2612 0.2670 0.2641 0.228G 0.2221 0.2266 0.2283 0.2166 0.2132 0.2063 0.2022 0.2031 0.1998 0.2026 0.1967 
300.0 0.2324 0.2679 0.2341 0.2268 0.2322 0.2296 0.20&3 0.1989 0.2040 0.2066 0.1960 0.1929 0.1843'3 0.1831 0.1840 0.1810 0.1836 0.1774 
360.0 0.2139 0.2374 0.2168 0.2091 0.2141 0.2118 0.1907 0.1838 0.1883 0.1908 0.1810 0.1781 0.1723 0.1692 0.1700 0.1873 0.1696 0.1641 

400.0 0.1999 0.1219 0.1010 0.1967 so.2004 0.1983 0.1786 0.1723 0.1704 0.1788 0.1696 0.1688 0.1616 0.1686 0.1694 0.1689 0.1690 0.1639 
460.0 0.1890 0.2099 0.1911 0.1862 0.1897 0.1877 0.1691 0.1633 0.1671 0.1694 0.1608 0.1680 0.1630 0.1604 0.1611 0.1488 0.1607 0.1469 
500.0 0.1852 0.2002 0.1826 0.170‘1 0.1812 0.1793 0.1616 0.1661 0.1697 0,1618 0.1636 0.1510 0.1462 0.1438 0.1446 0.1422 0.1441 0.1395 

. ..*.*....*....*.**......**.*****************.*.**.*****.*.***.**~******.****..*.*****.....***.***.*********.******...*...***.***.** 

*’ BB l-S BA IJ. 6SpR G2= ylcD 137~’ 69* 71Lu 7JTA 75RE TTIR 79” 82= 8JB1 BOm 92” 60 62 66 67 
*..*......*..*..l*....................*.........*.**.**.*.*.**.*...***.*.**..**..*.**.~.........*.........*...*......*...*..~.~**~.. 

$2 
3.389 3.243 3.170 3.198 3.278 3.103 3.014 2.866 2.801 2.733 2.086 2.646 2.666 2.627 2.506 2.614 2.421 2.398 
3.198 3.062 3.086 3.112 3.098 2.940 2.869 2.719 2.671 2.609 2.666 2.630 2.448 2.421 2.400 2.407 2.316 2.292 

3:: 
3.017 2.891 2.912 1.937 2.928 2.784 2.709 2.683 2.641 2.486 2.446 2.413 2.330 2.312 2.291 2.298 2.210 2.187 
2.862 2.734 2.763 1.776 2.770 2.638 2.669 2.466 2.417 2.366 2.329 2.300 2.232 2.207 2.186 2.193 2.107 2.086 

. 2.702 2.691 2.608 2.630 2.627 2.606 2.441 2.337 2.303 2.266 2.221 2.194 2.132 l.lOB 2.088 2.094 2.012 1.991 

! ! : I  
2.666 2.461 2.477 2.497 2.497 2.383 2.323 2.218 2.197 1.163 2.121 2.096 2.038 f.C’Z”: LAW’: 2.002 1.923 1.903 
2.442 2.344 2.369 2.378 2.379 2.273 2.217 2.118 2.100 2.069 2.029 2.006 1.962 1.917 1.641 1.821 

;:g 
2.331 2.237 2.261 2.269 2.272 2.172 2.119 2.037 2.012 I.973 I.946 1.923 1.873 I:863 1.834 1.839 I.766 1.747 
2,229 2.140 2.163 2.170 2.174 2.080 2.030 I.964 1.930 I.894 I.867 I.848 1.800 1.760 1.762 l.767 1.696 1.678 

. 2.137 2.062 2.064 1.080 2.08s 1.998 1.949 1.877 1.866 1.821 I.796 1.776 I.732 I.714 1.896 1.700 1.632 1.616 

8.8 
I.974 1.896 1.907 I.922 I.928 1.848 1.806 1.741 1.722 1.691 1.668 1.661 I.611 1.696 1.677 1.682 1.618 1.602 

to:0 
I.836 I.764 1.773 1.788 I.794 1.721 1.02 1.626 I.bo8 1.680 I.669 I.643 1.607 I.493 1.476 1.480 1.419 1.406 
1.717 1.660 I.669 I.672 1.679 1.612 I.676 1.624 1.609 I.484 I.464 1.460 1.417 1.404 1.387 1.391 1.334 1.321 

11.0 1.614 I.662 1.60 1.672 1.680 1.617 I.484 1.437 I.423 I.JaS 1.381 1.368 1.338 I.326 1.310 1.313 1.269 I.247 
12.0 I.624 I.466 I.473 1.484 I.492 I.434 1.403 1.369 I.347 I.326 1.308 I.296 I.268 I.266 1.241 I.246 1.194 1.181 

16.0 1.310 1.260 1.260 I.276 I.284 1.2% 1.209 1.174 1.166 1.147 1.132 1.122 1.099 1.090 1.077 1.079 1.036 1.026 

it:8 
1.070 1.030 1.036 1.043 1.061 1.013 0.992 0.988 0.968 0.944 0.933 0.926 0.908 0.901 0.889 0.891 0.866 0.846 
0.912 0.878 0.882 0.889 0.097 0.866 0.848 0.816 0.821 0.809 0.800 0.793 0.779 0.774 0.763 0.766 0.734 0.727 

2:: 
0.799 0.770 0.773 0.779 0.786 0.769 0.744 0.728 0.722 0.712 0.704 0.898 0.886 0.682 0.672 0.674 0.647 0.840 
0.716 0.688 0.091 0.697 0.704 0.079 0.860 0.661 0.647 0.639 0.631 0.626 0.616 0.613 0.604 0.606 0.681 0.676 

40.0 0.6483 0.6246 0.6274 0.0324 0.6388 0.6171 0.0066 0.6917 0.6884 0.6809 0.6743 0.6701 0.6607 0.6679 0.6496 0.6611 0.6287 0.6239 
46.0 0.6961 0.6734 0.676G 0.6806 0.6806 0.6009 0.6604 0.6441 0.6412 0.6343 0.6284 0.6246 0.6161 0.6137 0.6060 0.6073 0.4868 0.4824 
60.0 0.6613 0.6313 0.6336 0.6379 O.S437 0.6266 0.6169 0.6048 0.6022 0.4969 0.4904 0.4870 0.4792 0.4772 0.4699 0.4711 0.4622 0.4481 
66.0 0.6146 0.4969 0.4981 0.6021 0.6077 0.4909 0.4820 0.4717 0.4694 0.4037 0.4686 0.4664 0.4482 0.4464 0.4396 0.4408 0.4230 0.4192 
00.0 0.4834 0.4666 0.4679 0.4717 0.4770 0.4613 0.4630 0.4438 0.4414 0.4361 0.4313 0.4204 0.4217 0.4201 0.4137 0.4148 0.3981 0.3946 

86.0 0.4664 0.4398 0.4418 0.4464 0.4606 0.4368 0.4280 0.4192 0.4172 0.4123 0.4078 0.4060 0.3988 0.3974 0.3913 0.3923 0.3710 0.3733 
70.0 0.4320 0.4172 0.4191 0.4214 0.4174 0.4136 0.4081 0.3979 0.3901 0.3916 0.3872 0.3848 0.3768 0.3776 0.3717 0.3727 0.3677 0.3648 
80.0 0.3957 0.3796 0.3812 0.3843 0.3890 0.3764 0.3898 0.3626 0.3&M 0.3608 0.3630 0.3600 0.3464 0.3443 0.3390 0.3399 0.3263 0.3236 
90.0 0.3024 0.3494 0.3609 0.3630 0.3682 0.3467 0.3407 0.3342 0.3327 0.3290 0.3166 0.3234 0.3186 0.3177 0.3127 0.3136 0.3011 0.2986 

100.0 0.3-B 0.3147 0.3201 0.3280 0.3330 0.3223 0.3lGG 0.3109 0.3096 0.3062 0.3029 0.3010 0.2960 0.2968 0.1912 0.1920 0.2804 0.1780 

160.0 0.2669 0.1467 0.2478 0.2493 0.2633 0.2463 0.2413 0.2372 0.2363 0.2339 0.2314 0.2300 0.2269 0.1263 0.1228 0.2234 0.2146 0.2128 
200.0 0.213G 0.1067 0.1067 0.2074 0.2104 0.203% 0.2000 0.1974 0.1907 0.1948 0.1918 0.1917 0.1891 0.1886 0.1868 0.1864 0.1839 0.1780 
260.0 0.1874 0.1610 0.1790 0.1906 0.1933 0.1781 0.1783 0.1732 0.1733 0.1714 0.1489 0.1680 0.1807 0.1066 0.1629 0.1634 0.1623 0.1672 
300.0 0.1699 O.lG.41 0.1623 0.1629 0.1663 0.1618 0.1900 0.1672 0.1673 0.1660 0.1633 0.1631 0.1614 O.l603 0.1480 0.1486 0.1474 0.1428 
360.0 0.1671 0.1616 0.1602 O.IL07 0.1630 0.1496 0.1480 0.1466 0.1467 0.1441 0.1410 0.1417 0.1403 0.1393 0.1371 0.1378 0.1366 0.1324 

400.0 0.1474 0.1424 0.1410 0.14;4 0.1436 0.1403 0.¶389 0.1399 0.1398 0.1363 0.1334 0.1331 0.1318 0.1309 0.1288 0.1292 0.1282 0.1244 
460.0 0.1390 0.1361 0.1337 0.1342 0.1383 0.1332 0.1318 0.1297 0.1298 0.1284 0.1286 0.12W 0.1261 0.1242 0.1223 0.1227 0.1217 0.1181 
600.0 O.l337 0.1292 0.1279 0.1283 0.1303 O.l274 0.1291 0.1241 0.1242 0.1229 0.1212 0.1209 0.1197 0.1189 0.1171 0.1176 0.1166 0.1131 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

19 
RAJGE II IJXITS OF m;/SQ Q! F 106s 

9 

E/A BE 
ec 12 

tl2 AL SI CA n cn FE II al GE SE SR A MO RB 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4:G 

..****+**.*.****.*..***.*.~.*.*.**.*****.*.******.*.*.*~.*********~****.**.***..****..*.***.*.*.~*..*.*.***.***.*.*.*...*.**~**...** 
:.i 

3:s 

6.392 6.040 4.820 6.110 6.744 8.293 6.710 0.316 6.670 8.144 7.747 9.420 10.306 8.390 10.841 8.863 11.231 9.200 11.605 9.640 11.924 9.730 10.330 12.641 10.670 13.087 11.200 13.664 11.420 13.902 11.633 14.197 11.993 12.300 

7.881 7.526 9.976 10.064 9.860 11.227 12.370 12.979 13.412 13.817 14.272 16.111 16.666 16.291 16.646 16.924 14.620 17.796 16.018 17.905 
4.0 9.606 9.067 11.792 11.946 11.690 13.171 14.686 16.269 16.746 le.178 le.776 17.746 18.409 19.086 is.366 19.821 20.937 20.96.6 
4.6 11.267 10.733 13.743 13.970 13.864 16.262 16.963 17.713 18.234 18.681 19.444 20.643 21.322 22.060 22.337 22.889 24.241 24.204 

6.0 13.16 12.62 16.83 16.13 16.77 17.47 19.47 20.31 20.88 21.36 22.27 23.61 24.40 26.19 26.49 26.13 27.71 27.62 

6:6 :.t 
16.19 14.43 18.06 18.43 18.01 19.82 22.14 23.06 23.67 24.17 26.26 26.64 27.66 28.49 20.81 29.66 31.36 31.22 
19.63 17.36 18.62 16.46 20.40 22.88 20.86 23.43 20.38 22.89 22.31 24.94 24.96 27.94 26.97 29.02 26.62 29.73 27.14 30.26 31.71 28.40 29.94 33.40 31.06 34.67 36.62 31.97 32.30 36.97 33.13 38.90 36.17 39.16 38.96 36.00 

7.0 22.06 20.88 26.49 26.14 26.62 27.69 31.06 32.23 32.98 33.63 36.17 37.02 38.43 39.43 39.80 40.83 43.30 43.08 

1o:o E 

27.27 26.78 31.11 31.96 31.18 33.61 37.74 39.09 39.94 40.62 42.67 44.77 46.46 47.57 47.97 49.21 62.10 61.88 

32.99 39.21 31.13 3S.94 37.24 43.88 38.29 46.16 37.36 44.03 40.06 47.01 46.01 62.86 46.66 64.60 47.60 66.66 48.10 56.26 SO.59 69.22 62.18 63.16 64.47 66.14 66.84 66.38 60.30 66.81 67.98 68.26 61.68 71.72 61.38 71.67 
11.0 46.92 43.20 61.01 62.64 61.20 64.48 61.28 03.22 64.38 64.99 68.46 71.84 74.46 76.96 76.44 78.30 82.61 82.43 
12.0 63.12 49.90 68.66 SO.43 68.88 62.46 70.26 72.42 73.69 74.30 78.31 82.12 86.08 88.71 87.23 89.38 93.94 93.98 

16.0 77.66 72.61 84.47 87.12 84.80 89.36 100.63 103.37 104.99 106.66 111.36 116.62 120.72 122.76 123.36 126.28 132.06 132.66 
20.0 127.61 118.87 136.91 141.30 137.39 143.87 161.66 166.91 168.06 168.44 177.81 186.92 192.22 194.97 196.67 2Q7.84 209.68 
26.0 188.62 176.22 200.63 207.11 

200.06 
201.22 209.87 236.60 241.22 244.16 244.22 257.86 269.34 278.20 281.70 282.48 288.49 298.26 301.74 

30.0 260.14 241.26 276.16 284.06 276.82 286.88 321.76 329.03 332.69 332.32 360.87 366.22 378.02 382.28 383.10 390.89 402.66 408.34 
36.0 341.99 316.69 380.06 371.69 330.77 374.63 419.66 428.74 433.17 432.24 456.34 476.03 491.11 496.14 496.96 606.66 620.44 628.73 

2; 
so:0 

433.7 536.1 400.9 494.0 466.0 669.6 489.7 677.6 466.7 660.3 472.2 679.9 649.0 628.9 882.2 639.9 888.3 646.2 666.8 643.6 702.8 673.8 732.6 698.3 617.0 765.2 622.6 761.7 623.6 636.3 661.1 682.4 
806.8 646.7 696.6 673.6 696.2 674.2 697.1 779.8 796.2 602.1 798.8 843.1 878.4 906.3 912.6 762.7 913.2 776.3 929.3 794.3 949.4 
967.6 

66.0 766.4 706.4 796.7 822.2 797.3 823.6 920.8 938.6 946.6 942.0 994.2 1036.6 1067.1 1076.1 1076.6 1094.0 1116.3 1136.4 
60.0 894.0 823.2 928.7 968.4 929.2 969.0 1071.9 1092.1 1100.9 1096.3 1166.9 1203.7 1240.1 1248.8 1249.0 1270.0 1294.6 1320.7 

66.0 1031.1 949.8 1069.4 1103.4 1069.7 1103.3 1232.6 1266.5 1266.3 1266.4 1327.8 1382.6 1424.0 1433.4 1433.6 1466.9 1463.9 1614.4 
70.0 1176.7 1082.1 1218.6 1267.2 1218.6 1266.1 1402.9 1428.6 1439.3 1431.0 1609.8 1571.7 1618.7 1628.7 1628.6 1664.6 1683.9 
80.0 

1719.1 
1492.4 1371.1 1641.2 1689.9 1640.9 1686.7 1771.0 1802.4 1816.2 1803.7 1902.9 1980.2 2039.0 2060.3 2049.4 2080.9 2116.4 2180.2 

90.0 1839.6 1688.6 1895.4 1966.1 1894.6 1949.3 2174.6 2212.4 2227.1 2212.0 2333.3 2427.4 2499.0 2611.6 2509.8 2647.0 2687.0 2642.2 
100.0 2217.2 2033.8 2279.8 2361.3 2278.4 2342.6 2812.1 2S66.4 X73.3 2664.4 2799.6 2911.7 2997.2 3010.7 3308.1 3061.3 3397.1 3163.2 

160.0 4624. 4140. 4818. 4760. 4613. 4731. 6266. 6349. 6377. 6331. 6620. 6641. 6011. 
200.0 7466. 6801. 7664. 7798. 7662. 7739. 6609. 8742. 8774. 8890. 9161. 9440. 9732. 

Et? 
6019. 6096. 6177. 6303. 

260.0 
9973. 10228 

10912. 9918. 11006. 11360. 11033. 11262. 12616. 12740. 12736. 12602. 13287. 13630. 14063. 14236: 1:::: 
300.0 

1;::' 14386. 14798: 
14804. 13426. 14872. 16341. 14932. 16196. 16896. 17276. 17176. 16987. 17910. 18326. 18917. 19183. 19123. 

360.0 19073. 
19394: 19324. 19908. 

17271. 19106. 19711. 19200. 19610. 21690. 22263. 22030. 21781. 22964. 23460. 24223. 24689. 24606. 24863. 24718. 26486. 

400.0 23673. 21413. 23662. 24413. 23792. 24162. 26846. 27699. 27249. 26932. 28392. 28978. 29926. 30394. 30202. 30734. 30611. 31471, 
460.0 28668. 26819. 28602. 29409. 28669. 29080. 32316. 33269. 32787. 32396. 34160. 34834. 35974. 36661. 36408. 36662. 
600.0 33716. 

3.3968. 37816. 
30469. 33692. 34666. 33797. 34262. 38070. 39224. 38607. 38138. 40199. 40989. 42330. 43017. 42842. 43493. 43101. 44478. 

~..***11**.**.*.*+****.*~**~.*.~*~**...~.**.*.*.~*~*********.***~~**************~~..***..*****.*~.~*.~..**~..~~***~.*.~...*.~~~*...* 
E/A SI TE BP LA PR SH CD HO RI LU IA RE IR AU P9 BI TH 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 83 90 92” 
1.*+*..1.*...~.~.**~**.**.*..*.*.*.*.*****.~***..***...********...**~*.******..~*~*.**.*~*****.*.**....~~~**...*.*.**.~.~.****~*~*** 

2.6 12.90 13.37 14.41 14.67 15.21 16.98 16.42 17.01 17.37 17.72 18.09 18.48 18.87 19.22 19.67 19.83 21.24 
3.0 16.79 

21.69 
16.39 17.40 17.64 18.19 19.11 19.66 20.42 20.86 21.28 21.71 22.16 22.66 23.06 23.64 23.69 

2: 
26.26 26.74 

4:6 
22.08 18.84 22.96 19.68 20.67 23.92 20.78 24.11 21.34 24.68 22.43 26.94 23.07 26.67 24.01 27.78 24.49 28.33 26.01 28.93 29.48 26.60 26.99 30.03 26.63 27.07 27.69 27.73 29.46 29.99 

30.79 31.28 31.04 31.96 33.86 26.61 26.63 27.47 34.43 27.63 28.20 29.63 30.47 31.76 32.36 33.04 33.66 34.26 
36.16 36.69 38.29 36.40 38.47 39.10 

6.0 29.12 30.29 31.21 31.34 31.91 33.62 34.46 36.91 36.68 37.38 38.04 38.69 39.71 40.30 
2:: 

40.94 41.04 
32.91 36.90 34.26 38.40 36.14 39.26 

43.30 43.98 
36.24 39.33 36.81 39.90 41.88 37.61 38.64 43.03 40.20 41.00 41.87 42.62 43.33 44.47 46.11 46.81 46.89 48.36 49.08 

44.84 46.62 48.68 47.40 48.16 49.44 
Ei 41.07 46.42 42.74 47.27 

60.14 SO.88 60.96 
43.68 46.09 

63.62 64.41 
43.61 48.08 44.17 48.64 48.36 61.02 47.61 62.39 49.60 60.46 61.60 62.39 63.21 64.62 65.37 66.17 56.22 69.11 69.96 

64.66 66.47 66.62 67.68 68.46 60.00 60.81 61.67 61.70 64.83 66.73 

8.0 64.68 513.91 67.68 67.69 68.12 SO.92 62.63 66.08 66.11 67.46 68.67 1% 64.67 76.38 69.66 71.38 78.46 67.31 72.31 68.01 79.10 87.86 78.84 73.29 73.30 688.36 79.30 71.68 83.00 73.44 76.38 77.63 7S.08 W.36 81.47 83.68 84.63 86.76 86.73 89.86 76.91 91.03 77.94 

11:o 86.12 88.46 89.74 91.60 92.94 S4.18 96.68 86.80 SO.33 97.76 99.04 90.92 SO.67 90.97 98.98 
96.16 97.66 

103.68 104.99 
101.31 102.71 104.69 106.31 12.0 98.92 107.68 110.39 102.94 111.70 103.46 103.01 113.14 103.36 108.04 110.73 118.34 119.80 
114.91 116.44 118.66 120.46 

113.04 
121.96 124.98 126.43 128.06 127.91 133.84 136.46 

16.0 139.4 146.0 146.3 144.6 144.7 161.0 154.6 160.2 162.1 166.0 20.0 220.1 167.4 169.4 228.9 173.4 176.3 177.6 228.8 227.4 226.9 236.4 241.9 177.2 186.3 187.4 
249.9 26.0 262.6 266.8 260.4 316.6 263.1 269.0 329.2 328.6 271.6 276.2 326.4 326.2 338.3 274.6 286.8 290.0 346.8 
366.7 360.0 386.9 370.8 30.0 374.4 428.2 446.0 382.4 386.8 444.0 440.9 466.6 390.9 390.1 407.2 438.6 466.7 479.6 411.6 

483.8 491.4 497.7 36.0 602.4 612.7 616.9 664.2 676.8 674.2 623.9 670.0 666.6 622.7 646.6 688.4 600.9 661.1 
618.0 623.0 832.6 1340.6 646.3 669.1 684.1 673.2 671.7 700.8 707.9 

2: 693.9 847.1 720.9 879.9 718.6 876.9 870.3 713.4 708.6 736.3 760.6 771.4 777.2 768.8 7S8.6 806.6 821.0 626.9 836.4 836.4 
863.6 

872.6 881.3 
890.1 914.6 939.0 496.7 60.0 969.6 971.2 1013.1 979.4 997.6 1004.6 1052.1 1048.4 1018.7 1040.6 1032.2 1070.3 1016.3 1060.0 

1092.0 1120.4 1128.1 1144.2 
1070.4 

1168.0 66.0 1167.6 1191.6 1237.4 1189.0 1196.6 1232.8 1223.4 1213.7 1213.2 1267.6 1210.7 1262.8 1275.0 
1282.6 1316.2 1324.0 1342.4 1368.6 60.0 1382.1 1369.4 1394.1 1436.1 1429.7 1402.6 1422.9 1418.8 1480.0 1406.3 1467.2 1486.1 1623.1 1494.3 

1632.8 1663.8 1672.2 
1419.3 

1684.6 1612.8 1622.1 1646.8 1641.6 1711.6 1728.0 

%:8 1686. 1798. :2v 1639. 1626. 1846. 1611. 1828. 1669. 1702. 1743. 1764. 1778. 1799. 1813. 1846. 1866. 
:z. 

1882. 1877. 1967. 1976. 

1oo:o it: BC. 3307 : 

2346: 2038. 2064. 2089. 

3418. 2866: 2%x- 3391: 

2296. x 2421. 1930. 2477. 1976. 2491. 1988. 2016. 2624. 2131. 2126. 2218. 

3432. 2868. 2804. 3366. 2902: 2967. 3024. 3040. 3079. 3;:;. 

:A;:. 2237. 
2672. 2616. 

3203: 

2667. 2680. 2773. 2799. 

3188. 3262. 3471. 3243. 3630. 3014. 3833. 3878. 3720: ::3: : 3807. 3823. 3882. 3871. :2:. . z::. . 

160.0 6667. 9834. 6606. 6761. 6670. 0894. 7017. 200.0 10667. 11086. 11040. 10962. 10812. 11170. 
11363. 

260.0 16460. 

1::::: l:%: 1::::. 1%' 7968. 

16027. 

1%;' 

16010. 16881. 16669. 

1::;:: 1::;:: 1::::: 

16180. 

l:f$ 12946: 8028 

16438. 300.0 20797. 16741. 16791. 16977: 17171: 21662. 21697. 17267: 21443. 21148. 17606. 17674. 
360.0 

21794. 22108. 17848. 12728 18247: 18647. 
28621. 27682. 22611. 22667. 22808. 23089. 

17796: 
27692. 27616. 23196. 27132. 23498. 23611. 

27917. 
23981. 23907. 24403. 

28292. 28802. 28843. 29164. 2S638. 29666. 33027. 30188. 30662. 30667. 31110. 
31924: 26003 

400.0 32870. 34061. 34228. 34031. 460.0 33649. 39493. 34483. 34926. 40907. 36647. 36662. 36978. 50449. 41164. 40934. 
Io348. 

36681. 37022. 
41438. 41960. 

37233. 37819. 37699. 38298. 39336. 

600.0 46446. 49106. 
42691. 42718. 43193. 437Bs. 

48423. 48179. 47494. 43912. 49737. 44428. 44690. 49323. 46394. 60186. 60760. 61442. 46260. 46907. 60206. 61601. 62196. 62610. 63337. 63166. 63889. 47180 66401: 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTRO6IC sIoPPI6c POvm II UYIIS or+l5v/tac/sp aI) 
20 

m 105s 
10 

E/A Be 
8" 12 

In AL sx CA TX CR FE II QI GE 55 
4 13 14 10 22 24 28 28 la 32 34 

. ..*....**..+*+..+..**.........*...*...*.**.******.*.*****.*.*.*.*..*...~*~*..*~*~*****~...~~..***. 

i:i 
8.892 9.246 l.683 7.299 7.462 9.983 6.083 6.866 6.723 6.917 6.283 6.008 4.784 
8.034 8.413 7.003 4.744 4.896 4.488 6.472 6.470 6.364 6.273 4.994 4.714 4.611 

3:p 
7.361 7.72l 4.497 4.142 4.407 4.048 6.299 6.120 6.020 4.966 4.997 4.438 4.264 
4.778 7.138 4.064 6.840 6.979 6.469 4.V88 4.808 4.7lS' 4.447 4.398 4.184 4.Ol8 

. 4.293 9.941 6.470 6.470 6.VO4 6.316 4.474 4.629 4.449 4.407 4.166 3.968 3.804 

Sit ER no ml 
36 40 42 46 4? 

~+*+*+.*.+.**~.******.**.*****~..* 
4.9V.V 4.461 4.498 4.064 4.234 
4.423 4.393 4.266 3.878 4.016 
4.176 4.148 4.023 3.498 3.803 
3.944 3.923 3.806 3.626 3.406 
3.738 3.717 3.612 3.393 3.423 

::: 
6.874 4.213 6.331 6.146 6.274 6.011 4.412 4.280 4.208 4.174 3.937 3.763 3.410 3.649 3.631 3.433 3.213 3,267 
6.613 6.840 6.032 4.867 4.982 4.740 4.179 4.067 3.VS2 3.984 3,740 3.647 3.436 3.378 3.342 3.271 3.074 3.107 

x.: 
6.196 6.512 4.746 4.401 4.72l 4.498 3.970 3.867 3.797 3.776 3.643 3.399 3,276 3.223 3.209 3.124 2.944 2.9(19 

710 
4.9i6 6.221 4.624 4.371 4.487 4.281 3.781 3.477 3.422 3.403 3.401 3.247 3.130 3.042 3.089 2.990 2.829 2.843 
4.994 4.962 4.312 4.146 4.176 4.084 3.610 3.613 3.482 3.447 3.266 3.108 2.998 2.963 l.S41 2.847 2.720 2.728 

E 
4.234 4.618 3.941 3.808 3.912 3.743 3.314 3.228 3.184 3.174 2.SV8 2.896 2.789 2.727 2.717 2.960 2.627 2.626 

1o:o 
3.887 4.162 3.432 3.611 3.009 3.468 3.096 2.988 2.949 2.943 2.781 2.969 2.649 2.634 2.624 2.498 2.340 2.361 
3.694 3.849 3.371 3.269 3.362 3.214 2.863 2.784 2.749 1.749 2.696 2.483 2.400 2.349 2.392 2.307 2.214 2.202 

11.0 3.346 3.684 3.148 3.044 3.131 3.007 2.470 1.407 2.674 2.676 2.434 2.330 2.264 2.224 2.219 2.170 2.089 2.072 
12.0 3.131 3.369 2.964 2.867 2.940 2.824 2.612 2.464 2.426 2.42V 2.294 2.194 2.126 2.100 2.094 2.049 I.977 1.967 

16.0 2.436 2.834 2.602 2.421 2.493 2.402 2.134 2.092 2.070 2.074 1.982 1.880 1.821 1.801 1.738 1.741 1.703 1.886 

53 
2.103 2.27l 2.009 1.946 2.006 1.937 1.728 1.433 1.477 1.483 1.693 1.628 1.482 1.498 1.444 1.438 1.404 1.379 
1.742 1.307 1.491 1.438 1.693 1.436 1.490 1.432 1.420 1.424 1.361 1.299 1.268 1.148 1.247 1.226 1.200 1.174 

E8 
1.624 1.463 1.448 1.422 1.447 1.422 1.271 1.248 1.238 1.244 1.173 1.132 1.039 1.031 1.031 1.072 1.063 1.031 
1.348 1.444 1.302 1.242 1.302 1.243 1.130 1.110 1.102 1.103 1.060 1.009 0.980 0.974 0.97C 0.968 0.342 0.322 

it8 
1.213 1.313 1.174 1.138 I.174 1.140 1.021 1.003 0.394 1.003 0.360 0.313 0.887 0.882 0.882 0.849 0.866 0.834 
1.106 1.203 1.072 1.033 1.072 1.042 0.334 0.918 0.911 0.318 0.870 0.834 0.813 0.806 0.803 0.737 0.786 0.748 

EKi 
1.017 1.108 O.S68 0.868 0.999 O.S62 0.892 0.848 0.841 0.849 0.804 0.773 0.761 0.748 0.743 0.738 0.728 0.711 

so:0 
0.944 1.023 0.919 0.891 0.313 0.836 0.803 0.789 0.786 0.790 0.743 0.721 0.700 0.497 0.438 0.488 0.479 0.464 
0.882 0.962 0.860 0.834 0.841 0.838 0.762 0.740 0.736 0.741 0.703 0.474 0.467 0.664 0.466 0.444 0.438 0.423 

05.0 0.8289 0.9047 0.8092 0.7849 0.8101 0.7831 0.7062 0.4970 0.4930 0.4986 0.4924 0.4372 0.4133 0.4171 0.8173 0.4GW 0.4021 0.6886 
70.0 0.7829 0.8649 0.7462 0.7421 0.7991 0.7466 0.4703 0.4698 0.4681 0.0416 0.4274 0.8038 0.6894 0.6847 0.6854 0.6779 0.6710 0.6683 
80.0 0.7070 0.7726 0.4016 0.4717 0.4934 0.4743 0.8076 0.6981 0.6360 0.8002 0.6493 0.6478 0.6326 0.6310 0.6319 0.6262 0.6191 0.6078 
90.0 0.4497 0.7071 0.4347 0.4168 0.4367 0.4203 0.6676 0.6430 0.6444 0.6613 0.6230 0.5033 0.4893 0.4881 0.4890 0.4831 0.4774 0.4974 

100.0 0.6877 0.4639 0.6877 0.6702 0.6884 0.6747 0.6144 0.6089 0.6094 0.6113 0.4861 0.4970 0.4640 0.4631 0.4633 0.4489 0.4436 0.4344 

160.0 0.4461 0.4879 0.4407 0.4278 0.4414 0.4318 0.3887 0.3832 0.3818 0.3869 0.3463 0.3628 0.3430 0.3427 0.3434 0.3399 0.3390 0.3300 
200.0 0.3944 0.4042 0.3464 0.3642 0.3433 0.3680 0.3213 0.3142 0.3174 0.3212 0.3046 0.2999 0.2901 0.2842 0.2863 0.2814 0.2844 0.2748 
260.0 0.3183 0.3631 0.3200 0.3101 0.3173 0.3137 0.2821 0.2741 0.1784 0.2419 0.2473 0.2433 0.2647 0.2497 0.2608 0.24V8 0.2601 0.2414 
300.0 0.2869 0.3183 0.2890 0.2800 0.2804 0.2836 0.2661 0.2464 0.2618 0.2660 0.2413 0.2341 0.2304 0.2241 0.2271 0.2234 0.2246 0.2190 
360.0 0.2040 0.2331 0.2964 0.2681 0.2843 0.2916 0.2364 0.2219 0.2326 0.2366 0.2234 0.1198 0.2128 0.2089 0.2099 0.2096 0.2094 0.2026 

400.0 0.2494 0.2740 0.2493 0.2414 0.2474 0.2448 0.2206 0.2127 0.2178 0.2207 0.2034 0.2040 0.1994 0.1963 0.1938 0.1337 0.1943 0.1900 
460.0 0.2333 0.1631 0.2390 0.2284 0.2342 0.2318 0.2089 0.2010 0.1063 0.2091 0.1986 0.1961 0.1489 0.1867 0.1844 0.1837 0.1841 0.1602 
600.0 0.2226 0.2471 0.2253 0.2182 0.2234 0.2213 0.1994 0.1927 0.1971 0.1398 0.1837 0.18S4 0.1806 0.1776 0.1784 0.1766 0.1779 0.1723 

.*..***.**1***.***.*..~...*.*****..*.***..*.*******..**...***.*...*~*~*...*~..*..**..~~.**.*...*...**...*.*.~~*...******..*.*****..* 

wA -2 52= I" 6.1U 5am VZSn &P 87Ro aem 71L" 73TA 75RE 771R 7SA" 82PV &?I in V2" 50 99 
. . . . ..***.+..+CI*.....*....~.....****.....*****..*.....****.*..*...*.~*~..*~*......*..*.**.~.~.***...*.**~....*.***.*.~.*~~~..*.**~* 

50" 
3.383 3.811 3.641 3.874 3.849 3.443 3.639 3.362 3.287 3.207 3.151 3.104 2.997 2.944 2.938 2.947 2.836 2.808 
3.784 3.423 3.660 3.481 3.444 3.478 3.380 3.213 3.164 3.083 3.032 2.983 2.891 2.869 2.834 2.843 2.736 2.706 

9:: 
3a.690 3.439 3.493 3.432 3.481 3.309 3.210 3.070 3.019 2.962 2.904 2.899 2.777 2.744 2.720 2.729 2.623 2.696 
3.407 3.246 3.288 3.316 3.308 3.149 3.097 2.930 2.886 2.823 2.779 2.744 2.VV3 2.432 2.907 2.416 2.613 2.487 

. 3.239 3.106 3.128 3.162 3.148 3.001 2.924 2.799 2.768 2.701 2.440 2.427 2.662 2.624 2.493 2.609 2.407 2.382 

ki 
3.086 2.369 2.978 3.002 3.001 2.894 2.792 2.677 2.V40 2.687 2.648 2.617 2.448 2.421 2.337 2.404 2.308 2.284 
2.944 2.826 2.842 2.896 2.844 2.738 2.470 1.664 2.630 2.480 2.444 2.416 2.361 2.326 2.301 2.308 2.214 2.192 

;:i 
2.8l4 2.703 2,118 2,740 2.743 1.422 2.669 2.490 2.428 2.382 1.347 2.320 2.240 2.236 2.213 1.219 2.130 1.107 
2.498 1.690 2.906 2.424 2.430 2.614 2.469 2.343 2.334 2.280 2.268 2.233 1.174 2.163 2.130 2.139 2.060 2.028 

. 2.690 2.487 2.601 2.621 2.628 2.418 2.3Gl 2.274 2.247 2.206 2.176 2.161 2.098 1.074 2.053 2.063 1.976 1.966 

E-8 
2.399 2.306 2.317 2.334 2.342 2.246 2.193 2.116 2.092 2.066 2.024 2.006 1.367 1.337 1.318 1.321 1.843 1.824 

1o:o 
2.234 2.143 2.160 2.177 2.186 2.096 2.048 1.379 1.368 1.924 1.898 1.879 1.836 1.817 1.796 1.801 1.728 1.710 
2.096 2.014 2.024 2.040 2.043 1.997 1.923 1.869 I.841 1.810 1.784 1.768 1.728 1.712 1.432 1.496 1.427 1.010 

11.0 1.972 1.834 1.904 1.921 1.930 1.864 1.813 1.766 1.738 1.709 1.987 1.471 1.434 1.413 1.800 1.404 1.638 1.623 
12.0 1.894 1.783 1.842 1.818 1.826 1.764 1.718 1.683 1.~347 l.t320 1.699 1.684 1.661 1.637 1.618 1.622 1.480 1.446 

16.0 1.607 1.646 1.663 1.646 1.676 1.614 1.483 1.440 1.428 1.408 1.369 1.376 1.348 1.337 1.320 1.324 1.243 1.267 
20.0 1.314 1.247 1.273 1.283 1.292 1.246 1.220 l.l87 1.173 1.141 1.147 1.l38 1.114 1.108 1.093 1.096 1.061 1.041 
26.0 1.123 1.081 1.086 1.036 1.104 1.046 1.044 1.017 1.011 O.SW 0.986 0.377 0.363 0.963 0.940 0.342 0.903 0.896 

W 
0.386 0.@43 0.963 0.960 0.969 0.936 0.917 0.896 0.983 0.877 0.847 0.841 0.844 0.841 0.829 0.831 0.737 0.783 
0.881 0.849 0.862 0.863 0.847 0.838 0.822 0.802 0.738 0.787 0.778 0.772 0.769 0.766 0.744 0.744 0.714 0.709 

40.0 0.7997 0.7704 0.7738 0.7800 0.7479 0.7412 0.7448 0.7299 0.7268 0.7146 0.7084 0.7032 0.4916 0.8881 0.4779 0.4737 0.4622 0.6441 
46.0 0.7342 0.7074 0.7104 0.7142 0.7237 0.9394 0.4684 0.4712 0.4477 0.4632 0.4618 0.4472 0.4387 0.4337 0.4243 0.8269 0.4006 0.6961 
60.0 0.403 0.4666 0.4686 0.6637 0.4709 0.6486 0.43S4 0.4228 0.4199 0.4120 0.4062 O.SOO3 0.6313 0.6888 0.6733 0.6814 0.6680 0.6623 
66.0 0.4361 0.4120 0.4147 0.9137 0.0246 O.VO68 0.6948 0.6822 0.6792 0.6722 0.6663 0.6420 0.6631 0.6603 0.6426 0.6440 0.6221 0.6174 
40.0 0.6966 0.6749 0.6776 0.6821 0.6887 0.6893 0.6691 0.6474 0.6448 0.6382 0.6323 0.6287 0.6206 0.6186 0.6104 0.6119 0.4314 0.4870 

46.0 0.6933 0.6429 0.6463 0.6497 0.6641 0.6379 0.6282 0.6174 0.6160 0.6089 0.6033 0.4993 0.4922 0.4306 0.4823 0.4842 0.4448 0.4807 
70.0 0.6343 0.6143 0.6173 0.6214 0.6274 0.6104 0.6013 0.4912 0.4883 0.4832 0.4780 0.4748 0.4474 0.4669 0.4687 0.4400 0.4414 0.4377 
60.0 0.4990 0.4986 0.4709 0.4744 0.4VOl 0.4849 0.4646 0.4476 0.4466 0.4404 0.4367 0.4328 0.4244 0.4260 0.4184 0.4199 0.4028 0.3393 
90.0 0.4474 0.4313 0.4332 0.4347 0.4422 0.4280 0.4209 0.4126 0.4107 0.4041 0.4018 0.3992 0.3933 0.3922 0.3861 0.3871 0.3717 0.3486 

100.0 0.4168 0.4008 0.4024 0.4OLV 0.4111 0.3979 0.3911 0.3838 0.3822 0.3780 0.3740 0.3714 0.3992 0.3462 0.3636 0.3006 0.3441 0.3432 

160.0 0.3169 0.3044 0.3069 0.3084 0.3127 0.3023 0.2979 0.2928 0.2917 0.2887 0.2867 0.2840 0.1801 0.2794 0.2760 0.2769 0.2449 0.2927 
100.0 0.242s 0.2633 0.2639 0.2640 0.2697 0.2617 0.2477 0.2437 0.2429 0.2406 0.2380 0.2399 0.2334 0.2329 0.2234 0.2301 0.2271 0.2197 
260.0 0.2314 0.2236 0.2210 0.2228 0.2283 0.2198 0.2177 0.2139 0.2140 0.2114 0.2066 0.2081 0.2068 0.2043 0.2011 0.2018 0.2004 0.1940 
300.0 0.2099 0.2024 0.2004 0.1011 0.2041 0.1994 0.1976 0.1941 0.1342 0.1921 0,1893 0.18SO 0.1849 0.1464 0.1827 0.1833 0.1820 0.1763 
360.0 0.1340 0.1874 0.1864 0.1840 O.l.SSP 0.1844 O.l827 0.1737 0.1798 0.1778 0.1763 0.1760 0.1732 0.1713 0.1493 0.1498 0.1484 0.1934 

400.0 0.1820 0.2768 O.i740 0.1744 0.1773 0.1733 0.1716 0.1987 0.1589 0.1470 0.1440 0.1943 0.1427 0.1916 0.1630 0.1636 0.1683 0.1634 
460.0 0.1724 0.1997 0.1461 0.1464 O.lS.92 0.1444 0.1427 0.1401 0.1603 0.1686 0.1603 0.1660 0.1644 0.1634 0.1610 0.1616 0.1603 0.1469 
600.0 0.1661 0.1606 0.1679 0.1686 0.1409 0.1673 0.1667 0.1632 0.1633 0.1617 0.1434 0.1493 0.1478 0.14GG 0.1444 0.1460 0.1438 0.1397 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

20 
BMGE II WITS OF HG/SQ Ql IE IOUS 

10 

E/l BE 
SC 12 

ft.3 AL SI CA l-I CR F?% II co GE SE SR zn no RE 
4 13 14 20 22 24 26 18 29 32 34 38 40 42 46 4:G 

.*..**.****.**.*+.*...*.***.***...*..****~.**~**.**.*.*.**~.********..**.*~.****.*...*.****~~*~~***~**~**~***~**..*,****~****.*..... 

3:s :.: 
4.980 4.440 4.261 4.220 8.090 7.187 7.790 8.228 8.660 8.880 9.040 9.69'2 9.910 10.399 10.400 10.798 11.133 11.420 
7.149 6.447 4.837 6.696 7.424 9.108 7.844 9.186 7.484 8.991 10.271 8.873 11.318 9.493 11.886 9.996 10.367 12.288 10.898 12.466 10.993 13.071 11.848 13.835 12.083 14.344 12.696 14.923 12.812 16.166 13.082 16.500 13.864 18.296 16.405 13.846 

4.0 8.647 8.186 10.703 10.840 10.808 11.981 13.248 13.902 14.342 IQ.736 16.279 14.164 18.746 17.388 17.836 18.066 19.096 19.10+~ 
4.6 10.100 9.439 12.411 12.410 12.338 13.806 15.344 18.048 18.626 18.941 17.819 i8.4i4 19.324 19.993 20.264 20.763 21.949 21.964 

5.0 11.76 11.20 14.23 14.60 14.18 16.74 17.66 18.32 18.84 19.27 20.09 21.21 22.02 22.74 23.02 23.69 26.01 24.96 

f:! 
13.60 12.84 16.18 14.60 18.13 17.80 19.88 20.72 21.28 21.73 22.70 23.94 24.88 26.83 26.92 28.68 28.19 28.09 
16.37 14.82 18.21 18.81 18.19 19.94 22.33 23.26 23.86 24.32 26.44 29.82 27.86 28.66 28.98 29.71 31.62 31.39 

::: 
17.36 14.49 20.94 20.84 20.38 22.24 24.91 25.90 29.64 27.03 28.31 29.83 JO.97 31.83 32.16 32.98 34.98 34.83 
19.44 18.45 22.82 23.19 22.86 24.83 27.42 28.89 29.37 29.87 31.32 32.98 34.23 36.16 36.48 39.40 38.69 38.42 

t.: 
23.96 22.48 27.48 28.22 27.54 29.75 33.41 34.43 36.40 36.92 37.73 39.88 41.19 42.20 42.68 43.46 48.22 44.06 

1o:o 
28.88 27.30 32.77 33.49 32.47 36.32 39.89 41.08 41.96 42.47 44.44 49.93 48.89 49.82 50.20 61.49 54.42 64.24 
34.23 32.31 38.49 39.81 38.83 41.32 46.44 48.02 48.98 49.61 62.11 54.72 56.75 67.98 58.40 69.88 93.17 83.08 

11.0 40.01 37.70 44.84 46.98 44.80 47.78 63.71 56.44 64.48 67.03 80.07 63.04 46.36 88.70 87.14 (18.82 72.47 72.43 
12.0 44.19 43.47 61.20 62.76 61.40 64.82 81.44 (13.34 94.49 86.04 68.64 71.89 74.60 75.96 78.42 78.31 82.32 82.38 

16.0 ~37.14 82.99 73.36 76.86 73.46 77.73 87.42 89.93 91.36 91.88 98.92 101.62 106.10 108.91 107.44 110.01 115.08 115.61 
20.0 109.96 102.47 118.28 122.06 118.48 124.40 139.79 143.42 146.38 146.76 163.85 180.89 184.38 188.78 149.41 173.22 179.99 181.60 
26.0 182.16 160.93 172.74 178.32 173.24 180.83 203.01 207.90 210.44 210.66 222.30 232.23 US.89 242.96 243.88 248.84 267.32 280.33 
30.0 223.38 207.42 238.40 244.04 238.99 244.42 274.82 282.92 234.10 286.83 301.77 316.01 326.18 328.90 329.83 338.34 344.62 361.41 
35.0 2S3.31 271.84 308.88 318.87 3X3.62 321.40 380.21 388.04 371.90 371.14 391.83 408.74 421.74 428.12 424.86 436.19 447.10 464.21 

40.0 371.7 343.9 389.9 402.6 390.5 404.9 463.4 462.9 467.6 444.1 492.1 613.1 629.2 634.2 634.9 646.0 668.4 648.3 
46.0 468.2 423.4 479.2 494.8 479.8 498.7 658.0 687.3 672.6 670.5 602.2 427.7 647.1 462.8 463.4 986.3 480.8 893.2 
50.0 662.4 510.1 674.4 694.9 677.0 696.7 BB7.6 880.7 088.7 683.9 721.8 762.1 7l5.1 781.6 782.0 795.9 813.2 828.7 
65.0 864.8 403.9 981.4 703.3 481.9 704.4 787.8 803.0 809.8 808.1 860.7 888.2 913.6 920.1 920.5 934.3 966.6 974.4 
40.0 744.6 704.5 794.0 819.4 7s4.4 820.1 918.4 934.0 941.4 938.8 988.8 1029.8 1080.7 1068.3 1088.5 1088.4 1107.5 1129.9 

86.0 881.5 811.7 914.0 943.1 914.3 943.2 1053.8 1073.3 1081.8 1075.9 1136.3 1182.1 1217.4 1225.7 1226.8 1246.8 1289.0 1295.1 
70.0 1006.7 926.6 1041.1 1074.2 1041.3 1073.6 1199.0 1220.9 1230.1 1223.1 1290.6 1343.4 1383.8 1392.3 1392.1 1414.4 1439.4 1489.8 
80.0 1276.0 1172.0 1314.3 1368.0 1314.1 1356.4 1512.9 1639.8 1660.7 1641.0 1825.7 1891.8 1742.0 1751.8 1761.0 1778.0 1807.6 1846.8 
90.0 1671.1 1443.0 1818.6 1489.4 1417.8 1444.8 1857.0 1889.2 1901.9 1889.1 1992.7 2073.1 2134.3 2146.0 2143.8 2176.6 2209.7 2254.8 

100.0 1893.1 1737.4 1948.2 2007.2 1946.0 2QO0.0 2230.0 2287.9 2282.6 220.2 2390.1 2488.0 2559.1 2570.7 2648.6 2806.4 21344.7 2701.1 

150.0 3881. 3634. 3940. 4041. 3935. 4034. 4493. 4564. 
%:. 

4649. 4796. 4984. 6129. 6144. 5138. 6201. 5270. 6378. 
200.0 23;. 580:. 8461. 8861. 0460. 6601. 7344. 7468. 7814. 8062. 8301. 8466. 8508. 8726. 
260.0 9594. 10874. 10844 10881' lo'%' 11332 11826 11996. 1%:: if::: 12249 12270 12421 
Joo.0 12426: 11461: l:%t: 1~~: 1%: 12968. 14409. 14733' 14447' 14487' 16276' 16828' 18133. 18380 14309. 14640' 18481' 14979: 
360.0 18286. 14730. 14293. 18808. 18373. 14438. 18497. 18977: 18787: 18674: 19683: 20008: x)467. 20949: 20897. 21203: 21080: 21734. 

400.0 20188. 18284. 20178. 20818. 20288. 20696. 22892. 23636. 23237. 22S64. 24211. 24711. 26619. 26919. 26823. 28208. 2+3018. 24838. 
460.0 24369. 22019. 24304. 26078. 24448. 24797. 27668. 28370. 27968. 27826. 29121. 29704. 33874. 31188. 31047. 31616. 31266. 32247. 
500.0 28762. 25975. 28444. 29658. 28819. 29216. 32443. 33447. 32921. 32621. 34279. 34962. X4094. 38681. 36633. 37088. 38754. 37927. 

. . ..***..*~.*..**1*.***..~*.***.~***.*~~.**.~*.....******....*..*.*****..*.**..~*.*.**~*.~*~**.**.*~.*~*~**..~~**~~.*..*~*...~*..*** 
E/A 51 TE BA LA PB SII CD BO TM LU TA RE IR AU PB BI m 

60 52 58 67 69 42 44 47 89 71 73 76 77 79 82 83 90 92" 
.*..****...*...*.*..**.****.***..*.*.*.*..***..********~**.*...**..***~****************..*****~.***.****...*...****...~*.*.***.*...* 

$2 
11.98 12.42 13.39 13.84 14.14 14.86 16.28 16.84 18.18 18.61 18.86 17.22 17.68 17.91 18.33 18.48 19.80 20.22 
14.68 16.11 18.04 14.29 18.80 17.84 18.17 18.88 19.28 19.89 20.08 20.60 20.98 21.34 21.79 21.93 23.39 23.86 

3.6 17.27 17.94 18.87 19.08 19.80 20.81 21.20 22.07 22.62 23.00 23.46 23.91 24.60 24.91 25.40 26.62 27.12 27.42 

t:: 
20.13 20.93 21.84 22.02 22.56 23.71 24.38 25.40 25.91 28.44 28.97 27.48 28.18 28.43 29.15 29.27 31.02 31.66 
23.14 24.07 24.98 26.11 26.46 28.96 27.72 28.89 29.46 30.09 30.46 31.21 32.02 32.61 33.07 33.17 36.08 36.84 

2: 
26.30 27.37 28.24 28.38 28.90 30.37 31.23 32.66 33.18 33.87 34.49 35.09 38.02 34.64 37.16 37.26 39.32 39.96 
29.42 30.83 31.87 31.78 32.31 33.94 34.89 38.37 37.03 37.82 38.60 39.16 40.19 40.77 41.41 

82 

41.49 43.76 44.42 
33.10 34.46 36.27 36.34 36.88 37.48 38.72 40.36 41.07 41.93 42.48 43.38 44.63 45.18 46.85 46.91 48.36 49.07 

7:o 
30.73 38.23 39.03 39.07 39.80 41.67 42.71 44.50 46.27 46.22 47.03 47.77 49.04 49.72 60.46 50.61 63.14 53.91 
40.61 42.17 42.96 42.98 43.48 46.83 44.88 44.81 49.43 50.87 61.64 62.33 63.72 64.46 66.23 66.28 68.11 58.93 

2: 
48.64 50.63 61.28 61.21 61.71 64.22 66.48 67.94 58.84 60.07 81.07 81.97 83.69 69.43 86.32 46.34 68.40 89.53 

10.0 
67.18 69.62 SO.21 40.08 80.68 43.44 86.10 87.72 68.76 70.13 7i.2B 72.28 74.16 76.10 78.11 78.10 79.81 00.88 
'38.43 69.14 89.78 49.68 70.02 73.30 76.18 78.16 79.29 80.84 82.16 83.24 86.39 88.44 87.69 87.64 91.76 92.92 

11.0 
12.0 

79.27 79.38 79.97 79.89 80.08 83.78 86.90 89.23 SO.48 92.23 93.88 94.90 97.29 98.44 99.76 99.47 104.39 106.70 
86.70 90.23 90.77 SO.40 90.74 94.87 97.26 100.94 102.30 104.28 106.84 107.20 109.88 lll.iS 112.69 112.48 117.76 119.19 

16.0 121.6 128.4 124.8 128.1 128.2 131.8 136.0 139.8 141.5 14411 148.2 148.0 161.6 163.1 156.1 154.9 182.0 143.9 
190.7 198.3 198.3 197.1 198.7 206.0 209.7 218.7 219.0 222.8 226.9 228.3 233.4 235.7 238.8 238.3 249.0 261.8 
273.2 284.0 283.7 281.8 280.8 292.1 2S8.7 308.1 311.0 318.1 320.3 323.6 330.4 333.4 337.8 337.1 362.0 366.8 

36.0 
368.6 383.0 382.2 379.4 377.7 392.4 401.1 413.1 418.7 423.3 428.8 432.8 441.7 446.4 461.4 450.4 470.1 475.0 
474.1 494.7 493.4 489.9 487.0 506.8 618.6 631.3 636.7 643.9 660.8 666.7 648.8 671.1 679.0 677.7 802.8 808.9 

40.0 
46.0 

696.4 418.4 414.7 412.2 408.1 831.2 844.3 662.2 987.3 477.2 486.4 491.4 704.9 710.0 720.0 718.3 749.3 754.9 
726.1 764.2 751.7 744.2 740.7 748.4 784.2 806.2 811.1 822.9 832.9 840.0 856.8 841.4 873.8 871.7 909.3 918.3 

2:: 1019.9 1069.2 1066.3 1047.4 1038.7 1074.8 1098 2 1128*2 1133'7 1149'4 1143'3 1172'7 1193:s 1201'2 1218'4 1215'8 1247'4 1279'9 
887.7 901.2 898.0 891.3 884.3 917.0 936.6 SC0 0 968 7 980 4 SS2 3 1000 6 1018 9 1025 5 1040 2 1037 4 1082 2 1092 a 

40.0 1182.6 1227.9 1223.3 1214.0 1203.4 1247.0 127117 130314 1311:8 1329:s 1346:4 1358:3 1380.4 138814 1408:8 1405:2 1486:2 1479:2 

45.0 1366. 1407. 1402. 1391. 1378. 1428. 1464. 1491. 1601. 
70.0 1637. 

1621. 
1698. 1690. 

1687. 1810. 
1678. 

1808. 1875. 1890. 
1643. 

it: 
1931. 1004. 1994. 1940. 1981. i%i. 

1460. 1490. 1700. 1723. 1798. 1823. 1818. 
2069. 2117. 2129. 2167. 2248. 

100:0 
2439 

Ez: E: 2919: . :%8* 2394. 
2479: 

2280. 2274. 3:. lSi3. 
2624. 2683. 2697. 2737. 2778. 2771. 

2846. 2964. 3020. 3088. Z? 3103. . 
2888: :% 

3244. 3316. 3307. 3444. 3477: 

160.0 5621. 5832. 6807. 6740. 5992. 
9117. 

5883. yif: "A;;. 8137. 4208. 8274. 
200.0 9464. 

8319. 8416. 9437. 8637. 4619. 8791. 
9418. 9343. 9223. 9629. 

4861. 
9918. 10028. 10138. 10201. 10349. 10383. 10544. 10614. 10869. 11044. 

260.0 13186. 13670. 13866. 13546. l3364. 13800. 14020. 14279: 14322. 14480, 14iM9. 14728. 1492s. 14990. 16223. 15178. 15684. 15907 
300.0 17736. 18381. 18419. 18287. 18036. 18687. 18866. 19199. 19238. 19462. 19492. 19783. 20039. 20138. 20463. 20390. 20813. 21325: 
350.0 22702. 23622. 23416. 23488. 23134. 23808. x128. 24643. 24400. 24871, 26190. 26291. 26909. 25744. X149. 24097. 2tJ532. 27225. 

wo.0 28031. 29038. 29189. 2S021. 28809. 263404. 29784. 30314. 3,344. 3,880. 31083. 31194. 31572. 31752. 32251 32149. 32860. 33546. 
460.0 %87-t. 34884, 36091. 3.908. 34407. 35337. 35774. 39404. 3S428. 36833. 37323. 37447. 37887. 38110. 38709: 38587. 39148. 40232. 
600.0 59606. 41021. 41292. 41083. 40491. 41669. 41Om. 42796. 42813. 43284. 43849. 44002. 44511. 44777. 45481. 45337. 46964. 47244. 
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F. HUBERT, R. BIMBGT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTMIIC 67OPPISO POWER II WITS OF IiW/(llG/SQ IX) 
23 

IA IOBS 
11 

g/A 4BE 6c rG AL SI CA II crl R II W GE se SR 7n no BB 
12 13 14 10 22 24 24 26 29 32 34 38 40 42 46 4:G 

. . ..*.LL*.*~...t+C+~.~..*.**.*~...~.~.~...~...*..*~..........**.**.*~...~.****.***~.*..~***.*....*.**~~*.....*************..**~.*.** 

i:: x-s ES X-X: 
6.41 6.19 4.67 4.68 

7:01 7134 7:so f% 
i-:8 4.60 

4:62 
4184 t:iG 4.31 :4 

7.12 
z: 

4.69 4:22 
4.69 . i-i: . 4.39 4.37 t:z . x 4.02 

2 
6.902 7.399 4.303 4.001 6.232 6.916 6.207 6.060 4.994 4.922 4.S42 4.423 4.266 4.192 4.169 4.044 3.783 3.836 
4.690 4.934 6.961 6.763 6.699 6.SO8 4.942 4.798 4.71s 4.6SS 4.420 4.216 4.067 3.990 3.970 3.892 3.429 3.896 

:*: 
4.100 4.663 6.466 6.469 6.600 6.332 4.704 4.670 4.4S6 4.470 4.219 4.024 3.977 3.914 3.794 3.SW 3.496 3.611 

7:o 
6.961 4.214 6.390 6.196 6.331 6.082 4.496 4.393 4.297 4.274 4.036 3.861 3.712 3.664 3.637 3.643 3.362 3.369 
6.6SS 6.911 6,132 4.964 6.098 4.866 4.292 4.176 4.114 4.096 3.997 3.492 3.641 3.6W 3.492 3.403 3.228 3.237 

X:8 
6.097 6.392 4.701 4.642 4.SS9 4.441 3.949 3.849 3.792 3.790 3.671 3.412 3.284 3.249 3.234 3.164 3.007 3.004 
4.464 4.942 4.341 4.196 4.312 4.129 3.469 3.647 3.620 3.613 3.319 3.173 3.096 3.023 3.013 2.941 2.816 2.804 

:x 
4.308 4.401 4.036 3.901 4.011 3.849 3.412 3.329 3.244 3.293 3.102 2.SS8 2.849 2.631 2.622 2,767 2.947 2.630 

12:o 
4.013 4.293 3.772 3.447 3.762 3.602 3.196 3.122 3.094 3.093 2.914 2.769 2.497 2.493 2.466 2.699 2.499 2.479 
3.769 4.024 3.644 3.427 3.624 3.388 3.011 2.941 2.907 2.909 2.749 2.632 2.647 2.616 2.609 2.464 2.349 2.346 

16.0 3.149 3.400 3.008 2.911 2.997 2.697 2.670 2.614 2.497 2.492 2.367 2.269 2.188 2.194 2.140 2.116 2.063 2.024 
2.633 2.733 2.422 2.344 2.416 2.334 2.092 2.040 2.020 2.027 l.SlS 1.840 1.796 1.768 1.764 1.732 1.691 1.661 
2.126 2.299 2.041 1.976 2.038 1.972 1.762 1.720 1.713 1.721 1.429 1.694 1.618 1.606 1.604 1.477 1.447 1.418 
1.839 1.9S3 1.773 1.717 1.771 1.717 1.636 1.607 ;.;if 1.603 1.423 1.397 1.327 1.317 1.317 1.296 1.271 1.244 
1.628 1.767 1.673 1.624 1.673 1.626 1.366 1.341 . 1.339 1.249 1.219 1.184 1.176 1.176 1.167 1.138 1.113 

x 
1.496 I.692 1.419 1.376 1.419 1.378 1.234 1.213 1.204 1.212 1.149 1.104 1.072 1.066 l.D64 1.060 1.034 1.011 
1.336 1.462 1.2S9 1.264 1.296 1.290 1.129 1.110 1.102 1.110 1.062 1.011 0.982 0.977 0.978 0.943 0.960 0.928 

iit: 
1.229 1.338. I.186 1.168 1.108 1.163 1.043 1.026 1.019 1.024 0.973 0.936 0.909 0.904 0.906 0.992 0.880 0.890 

6o:o 
1.141 1.243 1.111 1.077 l.il2 1.062 0.971 0.966 0.949 0.964 0.906 0.871 0.847 0.843 0.844 0.932 0.821 0.803 
1.094 1.143 1.040 1.008 I.041 1.014 0.909 0.896 0.669 0.896 0.960 0.817 0.794 0.791 0.792 0.781 0.771 0.764 

FE:8 
1.002 l.OS3 0.979 0.949 0.960 0.966 0.867 0.843 0.836 0.846 0.601 0.771 0.749 0.746 0.747 0.737 0.728 0.712 
0.947 1.033 0.924 0.486 0.927 0.903 0.811 0.798 0.794 0.600 0.769 0.730 0.710 0.707 0.708 0.499 0.691 0.676 

z-: 
0.966 0.934 0.634 0.813 0.634 0.816 0.736 0.724 0.720 0.724 0.669 0.643 0.944 0.642 0.943 0.436 0.428 0.614 

1oo:o 
0.762 0.866 0.746 0.746 0.749 0.761 0.674 0.464 0.641 0.467 0.433 0.609 0.692 0.691 0.692 0.686 0.678 0.699 
0.723 0.791 0.711 0.490 0.712 0.696 0.626 0.614 0.613 0.619 0.687 0.646 0.649 0.648 0.649 0.643 0.637 0.626 

160.0 0.63S6 0.6902 0.6332 0.6176 0.6340 0.6224 0.4703 0.4837 0.4420 0.4649 0.4432 0.4249 0.4160 0.4148 0.4166 0.4113 0.4096 0.3993 
200.0 0.4412 0.4890 0.4424 0.4284 0.4396 0.4332 0.3896 0.3627 0.3640 0.3886 0.304 0.3929 0.3610 0.3438 0.3462 0.3407 0.3443 0.3323 
260.0 0.3062 0.4273 0.3973 0.3762 0.3940 0.3786 0.3416 0.3317 0.3369 0.3411 0.3236 0.3196 0.3081 0.3021 0.3034 0.2984 0.3027 0.2924 
300.0 0.3471 0.3962 0.3497 0.3368 0.3498 0.3430 0.3087 0.2972 0.3047 0.3066 0.2927 0.2691 0.2788 0.2739 0.2748 0.2703 0.2741 0.2660 
360.0 0.3196 0.3646 0.3224 0.3123 0.3198 0.3144 0.2648 0.2746 0.2813 0.2960 0.2704 0.2490 0.2674 0.2628 0.2640 0.2499 0.2633 0.2461 

400.0 0.2SlM 0.3316 0.3017 0.2923 0.2SS4 0.29S2 0.2998 0.2673 0.2636 0.2470 0.2634 0.2492 0.2412 0.2370 0.2381 0.2344 0.2376 0.2299 
460.0 0.282 0.3136 0.2666 0.2744 0.2834 0.2606 0.2626 0.2439 0.2496 0.2630 0.2401 0.2391 0.2286 0.2246 0.2267 0.2222 0.2262 0.2180 
600.0 0.2S9 3 0.2890 0.2724 0.2440 0.2706 0.2476 0.2412 0.2332 0.2386 0.2416 0.2296 0.2266 0.2184 0.2147 0.2168 0.2126 0.2163 0.2086 

. . . . ..*1.***.1...**+.*.....*.....~..***..........***.....**.***.....*.*..~.**...**.*.....***~*.*~****..*~.*..***.*...*..*~.......~.. 
EIA 91 T6 BA LA Pa SII CD HO RI LU TA BE I8 AU PB BI m 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 92 83 33 92" 
r*~*~*r+*ri~r***+*~***..*~.*****...~~~~**~~~.*~~....*.~.**...*~*..*...**..**.***~..***.***.**.*~.~***.***......*.~*.***.*.**.*...*~. 

$2 
4.689 4.390 4.423 4.440 4.431 4.193 4.072 3.864 3.781 3.688 3.624 3.670 3.446 3.407 3.377 3.387 3.260 3.226 
4.398 4.200 4.230 4.246 4.246 4,027 3.916 3.721 3.664 3.649 3.609 3.460 3.347 3.309 3.279 3.299 3.193 3.129 
4.163 4.007 4.034 4.OS7 4.063 3.862 3.749 3.673 3.613 3.436 3.379 3.334 3.231 3.194 3.164 3.174 3.060 3.018 
3.996 3.821 3.646 3.677 3.898 3.462 3.666 3.426 3.372 3.299 3.247 3.206 3.111 3.076 3.049 3.066 2.934 2.903 
3.902 3.449 3.9S8 3.498 3.693 3.620 3.430 3.263 3.236 3.167 3.118 3.090 2.992 2.968 2.929 2.938 2.821 2.791 

2: 
3.932 3.463 3.604 3.633 3.631 3.369 3.284 3.149 3.106 3.042 2.994 2.940 2.878 2.846 2.818 2.826 2.713 ;.gfj; 
3.474 3.334 3.363 3.390 3.391 3.229 3.149 3.023 2.903 2.924 2.881 2.847 2.771 2.740 2.712 2.720 2.611 

82 
3.330 3.199 3.214 3.240 3.243 3.100 3.024 2.909 2.869 2.814 2.773 2.741 2.970 2.641 2.613 2.621 2.616 I:488 

7:o 
3.lSS 3.098 3.096 3.110 3.116 2.880 2.909 2.796 2.763 2,711 2.872 2.643 2.676 2.648 2.621 2.628 2.426 2.400 
3.073 2.061 2.9S7 2.SSl 2.997 2.8S8 2.800 2.497 2.996 2.614 2.678 1.660 2.467 2.461 2.434 2.441 2.342 2.317 

t: 
2.966 2.742 2.768 2.778 2.786 2.470 2.908 2.616 2.488 2.443 2.409 2.384 2.327 2.303 2.278 2.284 2.191 ::;f; 

1o:o 
2.644 2.642 2.676 2.694 2.906 2.498 2.441 2.368 2.333 2.293 2.242 2.239 2.187 2.146 2.140 2.146 2.068 
2.603 2.406 2.418 2.437 2.447 2.349 2.296 2.220 2.196 2.141 2.132 2.111 2.093 2.043 2.020 2.026 1.942 1.922 

11.0 2.390 2.268 2.240 2.298 2.308 2.217 2.149 2.099 2.079 2.044 2.017 1.998 1.964 1.936 1.913 1.918 1.939 1.820 
12.0 2.233 2.147 2.168 2.176 2.186 2.101 2.066 1.991 1.973 1.940 1.916 1.897 1.866 1.840 1.817 1.822 1.747 1.729 

:t: 
1.930 1.668 1.996 1.890 1.891 1.820 1.781 1.730 1.716 1.666 1.997 1.662 1.819 1.606 1.686 ;:;A; 1.624 1.609 

26:0 
1.686 1.626 1.633 1.646 1.666 1.600 1.469 1.430 1.419 1.398 1.381 1.370 1.344 1.334 1.316 1.246 1.263 
1.366 i.304 1.310 1.321 1.332 1.296 1.269 1.227 1.219 1.202 1.187 1.179 1.167 1.149 1.133 1.136 1.090 1.079 

it: 
1.180 1.146 1.160 1.169 1.170 1.129 1.107 1.061 1.074 1.069 1.047 1.039 1.021 1.016 1.000 1.003 0.992 0.963 
1.064 1.026 1.030 1.036 1.048 1.012 0.093 0.949 0.994 0.961 0.940 0.933 0.917 0.912 0.699 0.901 0.846 0.867 

40.0 0.9SS6 0.9310 0.9362 0.9424 0.9622 O.SlS9 0.9026 0.8820 0.8771 0.8969 0.8640 0.9498 0.8367 0.6316 0.8193 0.8214 0.7881 0.7808 
46.0 0.4S74 0.8662 0.9690 0.9S68 0.8749 0.9466 0.8298 0.8114 0.6071 0.7SBS 0.7990 0.7823 0.7484 0.7641 0.7644 0.7699 0.7240 0.7194 
60.0 0.6226 0.7924 0.7992 0.9026 0.8112 0.7842 0.7499 0.7631 0.7492 0.7399 0.7317 0.7299 0.7149 0.7119 0.7011 0.7030 0.6746 0.6686 
66.0 O.TS90 0.7401 0.7434 0.7404 0.7677 0.7326 0.7193 0.7040 0.7006 0.6919 0.6843 O.STS9 0.6669 0.9942 0.6640 0.6676 0.6313 0.6267 
60.0 0.7216 0.4S63 0.4944 0.7040 0.7120 0.6066 0.4742 0.6621 0.4689 0.4610 0.4438 0.6394 0.6296 0.6271 0.9176 0.6192 0.6943 0.6890 

46.0 O.SSl3 0.4664 0.4699 O.SS49 0.4720 0.6609 0.6369 0.6268 0.6229 0.6166 0.4089 0.6047 0.6964 0.6933 0.6841 0.6867 0.6622 0.6672 
70.0 0.64S3 O.S22S 0.4267 O.S307 0.4362 0.4174 0.4084 0.6S42 0.6914 0.6946 0.6702 0.6743 0.6666 0.6639 0.6649 0.6644 0.6341 0.6296 
80.0 0.60 0.6SS7 0.6403 0.6739 0.6909 0.6621 0.6622 0.6414 0.6190 0.6328 0.6271 0.6239 0.6166 0.6142 0.6092 0.6079 0.4873 0.4831 
90.0 0.6413 0.6216 0.6241 0.6264 0.6360 0.6178 0.6096 0.4991 O.ISSB 0.4914 0.49Sl 0.4830 0.4769 0.4746 0.4671 0.4694 0.4497 0.4468 

100.0 0.6031 0.4S49 0.4671 0.4911 0.4974 0.4814 0.4732 0.4643 0.4624 0.4673 0.4624 0.44S9 0.4431 0.4418 0.4349 0.4392 0.4188 0.4162 

160.0 0.3822 0.3086 0.3702 0.3732 0.3784 0.38S6 0.3806 0.3643 0.3630 0.3493 0.3467 0.3436 0.3369 0.3380 0.3328 0.3339 0.3206 0.3178 
200.0 0.3161 O.Jo72 0.3072 0.3096 0.3143 0.3046 0.2997 0.2949 0.2939 0.2910 0.2990 0.2863 0.2628 0.2818 0.2776 0.2784 0.2747 0.2668 
260.0 0.200 0.2704 0.2476 0.2496 0.2738 0.2444 0.2034 0.2698 0.2689 0.2660 0.2623 0.2618 0.2491 0.2472 0.2433 0.2441 0.2424 0.2348 
300.0 0.2638 0.2461 0.2426 0.2433 0.2470 0.2413 0.2399 0.2348 0.2360 0.2324 0.2290 0.2287 0.2242 0.2244 0.2210 0.2218 0.2202 0.2134 
360.0 0.2347 0.2247 0.2243 0.2261 0.2266 0.2233 0.2211 0.2174 0.2174 0.2162 0.2121 0.2117 0.2096 0.2081 0.2048 0.2066 0.2040 0.1977 

400.0 0.2202 0.2127 0.2104 0.2113 0.2146 0.2087 0.2074 0.2041 0.2043 0.2021 0.1992 0.1969 0.1948 0.1966 0.1924 0.1931 0.1918 0.1868 
460.0 0.2089 0.2014 0.1998 0.2004 0.2036 O.XDS9 O.lS89 0.1937 0.1939 0.1916 0.1691 0.1888 0.1849 0.1869 0.1627 0.1833 0.1819 0.1796 
600.0 0.1997 0.1930 O.lSll 0.1917 0.1946 0.1903 0.1684 0.1863 0.1864 0.1839 0.1610 0.1807 0.1789 0.1777 0.1760 0.1766 0.1740 0.1690 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ftAIGE I1 UlITS OF HG/SQ Ql 
13 

111. Ions 
11 

WA BE 
SC 12 

n2 AL SI CA n CR FE II al GE SE SR 
4 13 

ZJt 
14 20 22 

no RB 
24 24 24 29 32 34 34 40 42 45 4CG ~+t****.***.*....**.****.~*..**~*.**.*..**..*....**.*.~.~****.*.***.*.*..*********.****.*..*~***..*.*..*.*....*..**....**..****~...~ 

::: 
4.800 4.690 4.439 4.410 4.280 7.412 4.030 8.440 4.420 9.160 9.330 9.910 10.230 10.729 10.940 11.146 11.493 11.7W 

::: 

6.941 6.704 7.7DS 7.81s 7.860 8.844 9.717 10.232 10.412 IO.973 11.244 11.963 12.344 12.Sll 13.134,13.417 14.000 14.202 
7.231 4.910 9.264 9.333 9.141 10.468 11.614 12.098 12.616 12.904 13.319 14.112 14.422 16.211 16.464 15.407 14.411 14.733 
4.409 4.232 10.817 10.966 10.724 12.138 13.430 14.074 14.634 14.949 16.489 14.394 17.002 17.438 17.494 18.322 19.338 19.393 

4.6 10.094 9.444 12.444 12.884 12.414 13.911 16.482 14.176 14.472 17.IOS 17.741 18.802 19.609 W.149 W.442 10.947 22.147 22.187 

2: 
11.49 11.14 14.24 14.62 14.21 16.41 17.41 14.39 14.93 19.39 10.20 21.34 12.16 22.47 23.14 23.74 26.14 26.12 
13.39 12.77 14.13 14.47 14.10 17.41 19.88 20.73 21.31 21.78 22.74 24.00 14.91 26.49 26.99 24.46 24.27 24.14 
16.20 14.47 18.11 14.62 18.11 19.91 22.27 23.19 23.40 24.30 26.40 24.80 27.82 28.44 28.94 29.70 31.50 31.39 
17.11 14.24 20.20 10.44 20.21 22.12 24.77 26.74 24.42 24.93 18.19 29.72 30.46 31.72 32.05 32.88 34.87 34.73 
19.12 14.14 22.39 22.96 21.42 24.44 27.39 24.44 29.14 19.44 31.10 32.77 34.01 34.93 36.24 34.19 38.34 38.22 

8.0 

1X 

23.45 22.26 17.04 27.80 27.16 29.34 32.94 34.20 34.94 35.63 37.29 39.26 40.73 41.74 42.13 43.22 46.76 45.~0 
24.20 20.70 32.17 33.07 32.28 34.75 39.04 40.42 41.24 41.84 43.98 48.26 47.94 49.10 49.60 50.77 53.44 63.63 

:::: 

33.34 31.61 37.87 38.74 37.81 40.61 46.66 47.10 48.06 48.42 51.16 63.76 56.74 58.97 67.39 ‘58.46 42.09 42.00 
38.47 38.70 43.67 44.84 43.75 48.7l 52.62 64,24 65.24 56.46 64.81 41.75 44.01 86.36 45.80 47.44 71.04 71.01 
44.40 42.24 49.87 51.37 50.07 63.29 69.94 41.43 42.84 83.64 88.94 70.24 72.79 74.24 74.71 74.67 80.49 80.64 

16.0 84.47 0.94 71.04 73.30 71.34 75.43 84.83 47.29 88.71 49.24 84.13 94.43 102.11 103.91 104.46 104.96 111.48 112.33 
20.0 106.76 9B.80 113.97 117.42 114.40 120.02 134.84 134.40 140.34 140.74 148.64 166.38 140.44 143.06 143.44 147.38 173.96 176.41 
26.0 166.64 144.99 186.92 171.18 144.44 173.44 196.14 199.91 W2.40 202.64 213.43 223.43 230.81 233.42 234.61 239.63 247.73 260.42 
30.0 213.90 194.48 224.64 233.89 227.16 234.62 286.29 271.34 274.48 274.27 289.66 302.30 312.07 316.70 314.43 322.90 332.72 337.41 
36.0 280.61 2BO.ZS 296.67 306.12 2S4.20 307.72 344.84 362.44 364.17 366.60 376.29 591.67 404.01 408.27 409.00 417.02 428.49 436.30 

ii,: 
365.1 329.0 372.7 384.7 3’13.3 387.1 433.4 442.7 447.1 445.9 470.7 490.9 604.3 611.1 611.8 621.6 534.7 543.9 

so:0 
437.6 404.7 467.4 472.3 454.2 474.6 631.1 642.0 647.1 546.2 575.5 699.9 414.6 413.9 424.4 434.0 460.9 BB2.4 

66.0 
627.3 487.3 660.1 6B7.7 660.7 549.4 837.2 449.9 466.7 463.0 BBS.3 714.1 740.3 74B.4 744.9 700.2 774.4 791.4 

80.0 
424.6 674.6 MS.9 470.4 460.6 472.2 761.4 7BB.2 772.8 749.3 411.4 846.7 471.6 874.2 878.4 893.8 911.2 930.1 
724.9 472.2 767.0 741.2 767.4 742.1 474.1 490.7 494.0 893.4 S43.0 942.1 1011.4 1019.1 1019.3 1034.5 1054.7 1074.1 

46.0 
70.0 

840.2 774.3 471.1 894.8 471.4 899.1 1004.6 1023.2 1031.3 1026.8 1082.4 1127.1 1141.0 1144.4 1144.9 1188.1 1210.2 1236.1 
964.3 442.5 991.9 1023.6 991.1 1023.0 1142.4 1143.6 l172.4 1145.7 1230.0 1240.4 1314.4 1327.1 1327.0 1348.3 1372.4 1401.0 

40.0 1214.4 1117.0 1263.6 1193.2 1253.4 1291.0 1441.0 1488.4 1477.1 1447.9 1648.4 1411.4 1469.6 1444.9 1444.2 1493.9 1722.2 1764.7 
90.0 1494.0 1374.7 1640.7 1549.2 1640.1 1684.8 1744.1 1794.8 1411.0 1798.8 1497.4 1974.1 W32.4 2042.7 2041.4 2071.8 1104.6 2149.3 

100.0 1402.1 1464.7 1862.4 1910.3 1861.2 1903.6 2122.7 2168.8 2172.7 2167.3 2275.2 230.4 2434.2 2447.3 2445.3 2440.6 2618.0 2671.4 

160.0 3872. 33B3. 3747. 3843. 3743. 3839. 4274. 4341. 
%? 

4327. 4641. 4741. 
200.0 

2:. 
6620. 

4879. 4894. 
4134. B324. 4133. 4277. 4983. 7090. 

4884. 4944. 6014. 6114. 

260.0 
7467. 7494 

300.0 12003: 10%:: 1% 1:%: 12”:::: 12319. 13494. 14004. 13924: 13772: 14611’ 14467’ 16337: 15663’ 15505’ 15724’ 15BBB’ 14141: 
9124. 10144. 10331. 10324’ l:% 1% 11062 11404' lz:' 1% l?i.%f' lt%? 1%:. 

360.0 16441. 1400.6. 16448. 16978. 16644. 16414. 17683. 14040. 17469. 17467. 14416: 19014: 19437. 19934: 19446: 20164: WO39: 20441. 

400.0 19190. 17343. 19140. 19744. 19286. 19677. 21740. 22372. 21088. 21431. 23014. 23490. 24267. 24439. 24647. 24913. 24733. 26613 
460.0 23165. 20933. 23102. 23437. 23237. 23570. 24196. 24944. 24674. 24259. 27441. 24236. 29169. 2S427. 29512. 29967. 29710. 30463: 
600.0 X330. 24493. 27227. 24096. 27392. 17749. 30467. 31792. 31292. 30913. 32643. 33223. 34310. 34847. 34716. 36263. 34934. 34062. 

.*~.+.*******l*.****.*.**.**.*.********~~**..****.*~***..**.*~.***..************.***.*********.~.....**~*****.**.****************.**' 
E/A SE TE aA LA PI1 sn CD HO I?l LU IA SE 

60 
Is AU Ps 

62 64 67 
81 

59 42 
Ill 

44 47 49 71 73 76 77 79 82 43 90 92" 
. ..l........**.**C..*.**..**.*..*.****..*.**...**.**..*...**..***....*.*****~*.***.*..***.**.*.**..~**********.~.**.*****......~...~ 

2.6 

i:: 

12.37 12.43 13.44 14.10 14.41 16.36 16.40 14.34 14.73 17.07 17.42 17.40 14.17 14.51 18.96 19.11 20.44 20.91 
14.93 16.60 14.49 14.73 17.24 14.16 18.44 19.41 19.42 20.23 20.44 21.07 21.66 21.93 22.40 12.66 24.06 14.63 

::: 

17.42 18.31 19.24 19.49 20.04 21.07 21.48 22.67 23.03 23.52 23.94 24.46 25.05 26.47 25.97 24.11 17.74 24.27 
W.43 21.26 22.20 22.39 22.94 24.12 24.42 26.46 24.37 24.93 27.45 27.97 24.44 29.14 29.48 19.40 31.40 32.16 
23.39 24.33 25.24 26.43 26.94 27.32 24.10 29.24 29.46 30.49 31.07 31.43 32.46 32.96 33.63 33.44 36.40 34.19 

K 
14.48 27.64 28.47 24.41 29.17 30.44 31.62 32.84 33.44 34.20 34.83 36.44 38.37 34.92 37.63 37.43 39.76 40.40 

4:o 
29.72 30.93 31.82 31.94 32.60 34.16 35.10 34.59 37.24 38.06 38.76 39.40 40.44 41.03 41.49 41.74 44.04 44.74 

4.6 
33.10 34.44 36.33 35.41 36.87 37.78 38.83 40.47 41.19 42.08 U.81 43.52 44.47 45.31 44.01 44.09 48.67 49.30 

7.0 
38.43 38.13 34.94 39.04 39.69 41.57 42.71 44.60 45.28 48.23 47.04 47.79 49.06 49.74 50.49 50.64 63.22 64.01 
40.30 41.96 42.74 42.81 43.34 46.60 48.74 48.49 49.62 60.66 61.42 52.22 63.40 54.34 66.14 66.19 58.06 58.44 

E 
44.07 60.04 50.43 50.79 51.32 63.42 66.24 67.63 64.46 69.46 80.44 41.66 43.14 44.00 44.91 44.94 44.21 49.16 

10.0 
54.41 58.73 69.47 69.34 69.47 42.73 44.34 44.97 44.00 49.37 70.61 71.61 73.34 74.31 76.33 76.33 79.06 40.10 

11.0 
46.32 44.00 44.49 44.61 44.94 72.23 74.10 77.03 74.14 79.71 80.99 81.10 84.20 86.26 89.40 89.37 90.64 91.73 

12.0 
74.79 77.85 78.49 74.24 74.44 82.31 84.41 87.49 88.93 90.44 92.09 93.31 95.46 94.41 99.11 94.04 102.73 104.03 
84.41 88.27 88.47 88.53 44.91 92.98 96.32 98.96 100.29 102.22 103.80 106.12 107.74 109.01 110.46 110.36 116.57 117.00 

16.0 

2: 

118.2 122.9 123.4 122.8 122.9 128.4 131.6 134.2 137.9 140.4 142.6 144.2 147.4 149.3 161.1 161.0 164.0 159.8 
144.3 191.7 191.4 190.4 190.3 194.4 103.0 209.8 212.0 216.7 214.7 221.0 224.0 224.2 231.2 230.4 241.2 243.9 

23 

243.0 273.6 273.2 271.6 270.6 241.6 247.8 296.9 299.4 304.7 308.8 311.9 314.4 321.4 315.7 325.1 339.5 343.1 
353.9 347.4 347.1 334.4 342.9 377.1 345.5 397.0 400.6 404.9 412.2 414.1 424.4 424.2 434.0 433.1 462.1 454.8 
460.3 474.1 473.0 4B9.7 444.9 486.0 495.3 509.4 613.8 621.7 624.3 633.1 643.7 647.9 555.6 664.2 578.4 684.3 

22 
549.4 692.0 680.4 584.1 642.2 04.4 417.0 434.1 439.0 448.4 464.7 681.4 476.2 440.1 889.7 444.1 717.9 726.1 

6010 
494.1 721.1 714.8 713.6 708.4 734.9 760.0 770.2 775.9 747.2 794.4 403.4 414.8 814.4 834.1 834.1 470.1 874.8 

66.0 
824.9 440.9 468.0 851.4 M6.0 874.3 494.1 917.6 823.9 937.1 948.4 964.3 973.9 980.2 994.3 991.9 1034.6 1044.7 
873.7 1011.1 1007.4 1000.0 991.8 1024.1 1044.7 1076.5 1082.7 1097.9 1111.1 1110.1 1140.4 1147.3 1144.0 1141.1 1110.9 1221.7 

40.0 1128.2 1171.6 1147.3 1168.5 1144.4 1190.1 1213.7 1244.1 1162.1 1248.4 1284.4 1294.4 1317.7 1326.4 1344.4 1341.4 1394.4 1412.2 

YE:: 
1292. 1342. 1337. 1327. 13B2. 1349 * 1423. 1432. 1451. 
1488. 1622. 1614. 

!E :% 
1909. 1901. :% 

:%k 
1614. 1634. 

1849 : :ffz. 
y.6.;. 1411. 1421. 1843. :E? 

x)14. 
:z 16s4. 

1413, 
1804. 1826. 

100: 0 2489: :%? :%F 
2306 : 2242. 2341: 2400 : 2441. %3* %8. 

2147: 

, . 2767. 2724. 2423. 2876. 2S39. 2964: 2991: 

2130: ::::: iii: 
2696. 2607. 
3094. 3110. 3157: r4:: 

% 
3282 : 

%i? 
3311: 

150.0 6347. 6548. 6524. 6480, 6416. 6697. 5497, 6412. 
100.0 8870. 4991. 8954. 8886. 8771. 9082. 

5839. SSOB. 5971. doll. 4103. 4124. 4220. 4202. 
9214. 8393. 9432. 9538. 9439. 9701. 

4441. 4614. 
9877 10031 10002 10317 10604 

260.0 12637. 129S7. 12983. 12879. 12707. 13122. 13331. 13577. 13419. 13748. 13928. 14004. 14?%- 14263’ 14475’ 14432’ 14799’ 16124’ 
300.0 14442. 17476. 17510. 17384. 17148. 17471. 17929. 14263. 14292. 14494. 18721. 14808. 19062: 19147: 19447: ,19387: 19788: W274: 
360.0 21681. 22380. 22449. 22308. 21995. 22432. 22934. 13360. 23344. 23844. PS60. 24043. 24343. 24474. 24869. 24741. 25223. 25884. 

400.0 2BB44. 27803. 27747. 27647. 27194. 27956. 28311. 24414. 28446. 29146. 29644. 29864. 30016. x)143. 30464. 30586. 31047. 31889. 
460.0 32012. 33140. 33369. 33140. 31709. 33691. 34OC4. 34806. 34424. 36011. 36474. 35595. 38014. %224. 387Bb. 38080. 37214. 38244. 
600.0 37447. 38992. 39249. 39061. 38449. 39606. 39940. 40474. 40497. 41144. 41498. 41424. USOS. 42643. 43233. 43094. 43981. 44904. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

BI.l3CIilOIIC BTOPPIIG PDUER II UIITS OF HEV/tltG/SQ aI) 
24 

HO IOIS 
12 

IfA BE 
6" 12 

m2 AL SI CA II CR I% II al GE SE SR 23 40 nu 
4 13 14 20 22 24 26 26 29 32 34 34 40 42 46 4" 

.***L**+**+,*****+***~************************~**~****.**************~*.*~*******.*****************.*****************.************** 

:*i 
12.01 11.46 10.06 9.84 9.11 8.02 ?.?I 4.94 4.14 6.30 

3:s 
:o".!g :;.:j 

!pf !p; 
X*FX 

E 9.12 8.86 
TG 

7.28 5.:: '.= 
8.44 

a:: . 
;:g 

;:g 

7148 
a.12 ;*:7' 

7124 . 
tp; ;:; 

$Jd' 
7.01 

t-t: 
8% 
696 

x 6.84 !% 
5:55 

tt: 
5:34 

6.13 :-i: 
4.46 4.94 r:oe 
4.31 

. . 7.48 . 8:06 6.99 . 
p; 5.46 

Fp; 
:*xz 

6.38 6:l' 6:O' . :zi 
6.13 4.76 4.86 
4.90 4.68 4.84 

t:: 
8.140 8.689 7.314 7.066 7.239 4.843 8.040 6.864 6.766 6.706 6.380 5.126 4.929 4.842 4.814 4.482 4.379 4.439 
7.478 8.094 4.941 8.897 4.444 4.621 6.746 6.674 6.483 6.443 6.134 4.894 4.710 4.431 4.807 4.481 4.209 4.263 

;:i 
7.161 7.801 4.698 4.300 8.619 4.111 6.478 6.311 6.234 6.203 4.909 4.681 4.610 4.438 4.414 4.297 4.061 4.081 
8.876 7.273 8.186 4.087 8.114 6.929 6.236 6.088 6.010 4.983 4.703 4.488 4.316 4.264 4.237 4.127 3.903 3.922 

. 4.637 8.924 8.003 6.794 6.960 6.873 6.013 4.874 4.803 4.741 4.614 4.309 4.166 4.091 4.073 3.949 3.746 3.776 

i:: 
6.968 4.327 6.611 6.314 6.488 6.226 4.824 4.601 4.439 4.416 4.179 3.992 3.863 3.797 3.782 3.889 3.618 3.613 
6.479 6.931 6.098 4.918 6.O83 4.446 4.193 4.186 4.129 4.110 3.492 3.721 3.694 3.644 3.631 3.447 3.298 3.288 

::*a 
6.074 6.413 4.74d 4.687 4.714 4.620 4.009 3.911 3.881 3.864 3.844 3.446 3.389 3.324 3.313 3.237 3.107 3.088 

12:o 
4.733 6.066 4.443 4.296 4.417 4.239 3.743 3.873 3.828 3.817 3.418 3.280 3.172 3.132 3.123 3.062 2.938 2.914 
4.437 4.746 4.178 4.040 4.167 3.993 3.647 3.486 3.424 3.426 3.238 3.099 2.989 2.982 2.964 2.889 2.788 2.780 

16.0 3.747 4.022 3.666 3.440 3.642 3.411 3.034 2.989 2.937 2.943 2.784 2.487 2.683 2.666 2.650 2.497 2.423 2.389 

2: 
3.001 3.133 2.889 2.771 2.862 2.764 2.486 2.416 2.392 2.400 2.272 2.179 2.113 2.093 2.091 2.061 2.002 1.944 
1.610 2,723 2.411 1.344 1.417 2.339 1.049 2.049 2.031 2.041 1.932 1.866 I.800 1.786 1.784 1.762 1.714 1.482 

fit: 
2.183 1.384 2.106 2.039 2.103 2.038 1.822 1.789 1.774 1.784 1.490 1.422 1.676 1.644 1.643 1.637 1.609 1.477 
1.933 2.097 1.869 1.811 1.448 1.813 1.822 1.693 1.681 1.691 1.607 l.448 1.404 1.397 1.397 1.376 1.362 1.322 

g 
1.740 1.890 l.(u)7 1.834 1.087 1.438 1.447 l.441 1.431 1.440 1.346 1.312 1.274 1.287 1.287 1.247 1.229 1.201 
1.684 1.726 1.641 1.493 1.641 1.498 1.342 1.319 1.310 1.319 1.260 1.202 1.148 1.162 1.142 1.146 1.123 1.103 
l.Wl 1.690 l.411 1.378 l.422 1.383 1.240 1.219 1.211 1.220 1.164 1.112 1.080 1.076 1.078 1.041 1.044 1.022 

66.0 1.364 1.477 1.321 1.281 1.322 1.287 1.164 1.136 1.128 1.137 1.078 1.034 1.007 1.003 1.004 0.990 0.977 0.966 
40.0 1.144 1.382 1.237 1.199 1.238 1.208 1.082 1.044 1.068 l.Ofw) 1.011 0.972 0.946 0.941 0.942 0.929 0.918 0.897 

FE:: 
1.192 1.300 1.144 1.129 1.144 1.136 1.01s 1.003 0.997 1.006 0.963 0.917 0.891 0.888 0.889 0.877 0.888 0.847 
1.124 1.228 1.101 1.088 1.103 1.074 O.S46 0.949 0.944 0.962 0.903 0.889 0.844 0.841 0.843 0.832 0.822 0.803 

ia*: 
1.017 1.110 0.997 0.967 0.398 0.973 0.874 0.841 0.864 0.844 0.819 0.788 0.744 0.794 0.744 0.768 0.747 0.731 

100: 0 
0.930 1.017 0.914 0.884 0.916 0.893 0.802 0.790 0.784 0.794 0.763 0.726 0.704 0.703 0.704 0.496 0.07 0.473 
0.840 0.941 0.844 0.821 0.847 0.827 0.744 0.733 0.729 0.734 0.498 0.672 0.464 0.862 0.463 0.444 0.439 0.826 

160.0 0.4408 0.7022 0.4346 0.0169 0.4366 0.8217 0.6697 0.6618 0.6498 0.6667 0.6274 0.6080 0.4938 0.4934 0.4946 0.4896 0.4838 0.4762 
200.0 0.6160 0.6819 0.6244 0.6101 0.6131 0.6166 0.4634 0.4664 0.4670 0.4626 0.4386 0.4319 0.4177 0.4092 0.4109 0.4066 0.4098 0.3964 
260.0 0.4444 O.SOt.4 0.4409 0.4444 0.4670 0.4617 0.4084 0.3948 0.4010 0.4069 0.3860 0.3791 0.3447 0.3634 0.3811 0.3661 0.3802 0.3480 
300.0 0.4130 0.4683 0.4141 0.4032 0.4127 0.4081 0.3474 0.3637 0.3424 0.3872 0.3484 0.3429 0.3318 0.3264 0.3270 0.3217 0.3242 0.3164 
360.0 0.3802 0.4220 0.3837 0.3717 0.3804 0.3786 0.3330 0.3287 0.3348 0.3391 0.3218 0.3144 0.3064 0.3OOB 0.3022 0.2974 0.3016 0.2917 

400.0 0.3664 0.3946 0.3691 0.3478 0.3643 0.3626 0.3176 0.3042 0.3138 0.3176 0.3014 0.2344 0.2871 0.2820 0.2834 0.2789 0.2827 0.2734 
460.0 0.3369 0.3731 0.3394 0.3291 0.3373 0.3334 0.3004 0.2903 0.2971 0.3011 0.2868 0.2809 0.2720 0.2873 0.2487 0.2446 0.2880 0.2636 
600.0 0.3204 0.3668 0.3244 0.3142 0.3211 0.3187 0.2471 0.2776 0.2838 0.2877 0.1731 0.2484 0.2699 0.2664 0.2648 0.2629 0.2642 0.2481 

. . ..*..*.....*...*......~****.*.*..**....***.****.*.......*..*..*.~*~*****.**.**..~**.**.*.***...*.*.*.*....~..***.*......*...**..~* 
E/A SI IS BA LA PR SH CD 80 1w LU IA BE 771R AU PB =BI w18 U 

60 61 64 67 69 82 44 47 63 71 73 76 79 a2 92 
**.*.....,"*...,*..*~....*.*.....*....*.~**~.***.***.~...****.*...~.************~***..*****~***....*********.~***~*...~**..****.*.. 

$2 
6.104 4.974 6.012 6.064 6.020 4.749 4.411 4.347 4.280 4.176 4.101 4.040 3.899 3.866 3.820 3.832 3.487 3.447 
6.004 4.790 4.822 4.842 4.434 4.689 4.440 4.239 4.142 4.046 3.994 3.940 3.811 3.747 3.732 3.743 3.699 3.680 

32 
4.793 4.691 4.420 4.468 4.042 4.411 4.291 4.090 4.021 3.931 3.847 3.816 3.496 3.464 3.419 3.430 3.487 3.450 

4:6 
4.646 4.394 4.42l 4.467 4.447 4.232 4.120 3.934 3.874 3.790 3.730 3.482 3.673 3.632 3.497 3.608 3.348 3.333 
4.387 4,204 4.231 4.244 4.240 4.040 3.966 3.786 3.729 3.461 3.694 3.649 3.448 3.409 3.376 3.386 3.249 3.216 

8:: 
4.202 4.030 4.063 4.084 4.084 3.898 3.797 3.440 3.689 3.614 3.463 3.421 3.326 3.289 3.264 3.265 3.134 3.100 
4.029 3.888 3.887 3.919 3.919 3.743 3.460 3.603 3.468 3.388 3.338 3.298 3.210 3.174 3.141 3.160 3.023 2.991 

8-i 
3.889 3.713 3.734 3.783 3.747 3.400 3.612 3.376 3.332 3.147 3.219 3.183 3.099 3.088 3.033 3.042 2.918 2.887 

7:o 
3.711 3.671 3.691 3.820 3.426 3.447 3.383 3.266 3.216 3.164 3.108 3.073 2.996 2.943 2.931 2.939 2.820 2.790 
3.683 3,441 3.469 3.488 3.493 3.343 3.283 3.143 3.106 3.047 3.004 2.971 2.897 2.888 2.836 2.843 2.727 2.498 

E.8 
3.337 3.206 3.222 3.247 3.264 3.110 3.047 2.939 2.907 2.854 2.416 2.786 2.718 2.490 2.440 2.487 2.668 2.631 

1o:o 
3.124 3.001 3.014 3.040 3.061 2.924 2.469 2.741 2.732 2.486 2.848 2.421 2.640 2.636 2.604 2.612 2.409 2.384 
2.937 2.913 2.437 2.869 2.871 2.764 2.893 2.406 2.679 2.636 2.601 2.474 2.420 2.397 2.349 2.376 2.277 2.264 

11.0 2.774 2.484 2.679 2.700 2.713 2.406 1.647 2.488 2.442 2.401 '2.370 1.347 2.296 2.274 2.247 2.263 2.160 2.138 
12.0 2.428 1.627 1.639 2.669 2.672 2.471 1.417 2.342 2.321 2.183 2.263 2.232 2.184 2.184 2.138 2.143 2.066 2.034 

16.0 2.277 2.191 2.201 2.218 2.232 2.148 2.102 2.041 2.024 1.992 1.967 1.960 1.910 1.894 1.870 1.875 1.790 1.780 

it:8 
1.874 1.804 1.814 1.828 1.842 1.776 1.739 1.492 1.880 1.466 1.436 1.621 1.690 1.679 I.668 1.642 1.497 1.483 
1.404 1.644 1.663 1.644 1.679 1.623 1.493 1.466 1.446 1.416 1.408 1.397 1.371 1.342 1.343 1.347 1.292 1.279 

22 
1.411 1.369 1.346 1.374 1.389 1.340 1.314 1.282 1.274 1.267 1.242 1.233 1.211 1.204 1.187 1.190 1.142 1.131 
l.244 1.118 1.223 1.233 1.246 1.202 1.179 1.161 1.146 1.129 1.117 1.103 1.089 1.083 1.C48 1.071 1.027 1.017 

i:H 
1.148 1.104 1.111 1.120 1.131 1.093 1.072 l.048 1.042 1.029 1.017 1.010 0.993 0.988 0.973 0.974 0.934 0.928 
1.066 1.017 1.021 1.029 1.040 1.006 0.988 0.986 0.969 0.947 0.937 0.930 0.916 0.911 0.897 0.833 0.883 0.865 

66:o 
0.978 0.942 0.947 0.964 0.984 0.931 0.916 0.866 0.891 0.840 0.870 0.844 0.860 0.844 0.834 0.834 0.802 0.796 
0.913 0.880 0.884 0.891 0.301 0.871 0.866 0.837 0.833 0.813 0.814 0.808 0.796 0.792 0.780 0.782 0.761 0.744 

0.0 0.868 0.827 0.831 0.837 0.847 0.819 0.804 0.787 0.784 0.774 0.744 0.780 0.749 0.744 0.734 0.734 0.707 0.701 

46.0 0.8106 0.7811 0.7944 0.7909 0.8001 0.7738 0.7800 0.7444 0.7409 0.7321 0.7242 0.7193 
70.0 0.7088 0.7410 0.7443 0.7603 0.7692 0.7344 0.7214 0.708B 0.7039 0.4963 O.4878 0.8832 a. 

7082 0.7067 0.4948 0.4987 0.4687 0.6628 
.8718 0.4706 0.4401 0.0619 0.4364 0.4298 

80.0 0.4SS6 0.4743 0.4773 0.4824 0.4911 0.8447 0.4670 0.8441 0.8413 0.8339 0.4271 0.8230 0.4137 0.4117 0.4022 0.4033 0.6798 0.674' 
30.0 0.4441 0.4208 0.4234 0.4247 0.4346 0.4141 0.4064 0.6938 0.6913 0.6844 0.6784 0.6744 0.6842 0.6446 0.6667 0.6673 0.6361 0.6306 

100.0 0.6988 0.6770 0.6794 0.6843 0.6918 0.6729 0.6831 0.6626 0.6602 0.6442 0.6384 0.6349 0.6272 0.6267 0.6176 0.6190 0.4983 0.4941 

160.0 0.4649 0.4384 0.4406 0.4441 0.4603 0.4341 0.4290 0.4219 0.4200 0.4167 0.4114 0.4089 0.4033 0.4023 0.3990 0.3972 0.3814 0.37B2 
200.0 0.3788 0.3464 0.3864 0.3884 0.3740 0.3624 0.3687 0.3609 0.3494 0.3444 0.3428 0.3407 0.3383 0.3363 0.3303 0.3313 0.32'0 0.3144 
260.0 0.3332 0.3118 0.3183 0.3209 0.3168 0.3108 0.3134 0.3080 0.3081 0.3047 0.3002 0.2997 0.2984 0.2942 0.2894 0.2906 0.2886 0.2'94 
300.0 0.3020 0.2917 0.2844 0.2896 0.2939 0.2872 0.1844 0.2796 0.2797 0.1744 0.1714 0.2721 0.2492 0.2473 0.2831 0.2440 0.2421 0.2639 
360.0 0.2793 0.2498 0.2870 0.2879 0.2719 0.2868 0.2831 0.2687 0.2689 0.2641 0.2624 0.2620 0.2493 0.2471 0.2437 0.2446 0.2427 0.2363 

400.0 0.1421 0.2632 0.2604 0.2614 0.2662 0.2496 0.2470 0.2429 0.2431 0.2406 0.2371 0.2347 0.2342 0.2324 0.2290 0.2298 0.2290 0.2211 
460.0 0.2484Y 0.1401 0.2377 0.2386 0.2421 0.2387 0.2344 0.2306 0.2308 0.2183 0.2161 0.2148 0.2224 0.2206 0.2176 0.2182 0.2184 0.2100 
500.0 0.2377 0.2298 0.1274 0.2282 0.2318 0.2246 0.2242 0.2208 0.2208 0.2184 0.2164 0.2160 0.2129 0.2116 0.2082 0.2089 0.2071 0.2011 

30 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAKE 11 USITS OF HG/SG CH 
24 

IY.i IOlS 
12 

WA BE n3 AL SI CA n CR FE II aI GE SE SR ZR HO Bit 
4 ac 12 13 14 20 22 24 26 28 23 32 34 33 40 42 46 47p= .***.**.*..*****.C*.*.*....**...**.*...******.*~~~.**..**~~**~**...****.*.*....*..**.**...*.*.*~*....*............*.*...........~.*. 

2.6 4.610 4.320 6.066 6.030 6.910 6.366 7.670 1.934 8.310 8.620 8.600 3.350 3.660 10.128 10.320 10.610 10.839 
3.0 6.667 6.327 

11.120 
7,232 7.316 7.168 8.331 9.112 9.696 9.949 10.288 10.673 11.220 11.618 12.127 12.336 12.693 13.137 

3.6 6.699 6.422 6.616 8.488 8.613 3.762 IO.748 11.292 11.681 12.046 12.441 13.187 
13.332 

13.472 14.224 14.446 14.772 16.613 
t:: 7.336 9.266 7.404 8.873 10.027 11.629 10.164 11.713 

16.442 
11.468 9.944 11.282 12.833 12.482 14.317 13.084 14.382 13.511 16.443 13.900 15.852 16.480 14.409 17.436 15.268 16.831 18.099 16.426 18.736 14.442 17.067 17.997 18.069 

18.986 13.461 20.676 20.688 

6.0 10.69 10.23 13.12 13.36 13.08 14.60 16.26 16.38 17.48 17.91 18.66 13.72 20.48 21.16 21.42 21.96 
11.67 

23.26 
6.6 12.21 16.11 14.78 

23.23 
14.81 16.39 18.29 13.08 19.61 20.08 20.94 22.12 22.97 23.69 23.97 24.68 26.06 26.00 

6.0 13.82 13.19 14.68 18.96 16.68 18.28 20.43 21.28 21.86 22.31 23.33 24.43 26.67 26.34 26.63 27.31 28.96 
FE 17.31 15.62 

28.88 
14.60 16.49 20.40 18.44 18.88 20.90 20.43 18.46 20.26 22.32 22.67 26.01 23.69 24.00 24.20 26.64 24.67 27.13 26.83 28.44 27.24 29.97 31.12 28.23 31.98 29.10 23.41 30.14 31.38 31.88 

32.30 33.13 36.11 36.00 

8:: 21.16 26.34 24.07 20.12 24.68 23.11 23.93 26.23 24.64 29.21 26.74 31.61 30.00 36.39 31.13 34.46 31.86 37.46 32.36 37.38 33.37 39.92 35.76 42.00 37.12 43.68 38.07 44.62 38.42 44.99 39.41 46.14 41.71 41.69 
48.77 

10.0 29.92 28.36 
48.46 

33.99 34.37 34.12 34.64 41.18 42.60 43.47 44.00 46.30 46.44 60.48 61.62 62.01 63.33 64.27 
11.0 34.82 32.94 39.22 40.38 

66.20 
3Q.38 42.13 47.37 48.93 49.89 60.42 53.09 66.77 67.82 69.06 69.47 40.97 64.21 

12.0 40.06 37.84 44.73 46.14 44.99 47.98 
84.20 

63.94 66.86 66.76 67.24 60.30 63.30 66.61 68.94 67.38 69.05 72.40 72.67 

15.0 67.79 64.39 63.64 66.63 85.82 67.64 76.95 78.18 79.48 79.99 84.34 88.42 91.66 93.20 93.69 96.94 
20.0 93.82 87.89 104.41 101.74 

100.38 100.79 
101.34 104.87 120.09 123.27 126.02 126.41 132.34 138.49 143.22 146.39 145.37 149.27 166.16 

26.0 137.66 128.61 147.09 161.84 147.67 164.26 
166.47 

173.18 177.42 179.67 179.64 183.86 198.41 204.99 207.71 208.36 212.82 220.14 
30.0 188.98 176.96 200.40 206.83 

222.71 
200.96 209.37 234.86 240.28 243.06 242.91 266.44 267.78 274.46 279.73 280.40 286.14 

36.0 247.63 
294.90 299.06 

223.36 281.03 269.47 261.61 271.93 304.78 311.50 314.83 314.29 331.73 346.22 367.26 381.07 381.76 388.86 379.06 386.08 

40.0 313.1 230.4 328.7 333.3 323.3 341.7 382.7 390.8 394.7 333.7 416.6 433.4 447.1 461.4 452.1 440.6 
46.0 386.4 366.9 

472.3 
403.3 414.2 403.8 418.4 466.3 477.9 482.6 480.8 607.6 

480.4 
629.1 646.6 550.6 651.1 641.1 

50.0 464.3 
674.3 

429.6 484.4 500.0 466.0 501.8 
684.8 

561.4 672.6 677.8 676.6 807.4 $33.0 662.6 667.9 668.4 670.1 
56.0 643.6 607.8 

664.9 
672.1 690.4 672.6 691.9 661.8 674.7 640.6 477.6 716.0 

697.9 
744.3 767.4 773.6 774.0 787.4 803.7 

60.0 841.2 691.3 
819.6 

466.0 $87.3 666.4 688.3 763.3 784.3 790.4 784.6 630.0 864.6 890.7 897.2 897.6 912.6 930.6 949.3 

66.0 738.9 661.5 766.1 790.5 766.4 7QO.Q 883.7 800.2 807.4 $02.6 352.4 $91.7 1021.6 1028.5 1028.6 1046.6 1066.2 
70.0 842.6 776.6 

1087.0 
872.1 693.8 872.3 898.6 1004.8 1023.2 1031.1 1026.3 1061.8 1126.3 1140.0 1167.4 1167.4 1186.1 1207.6 

60.0 1067.2 
1232.6 

$82.4 1101.6 1135.4 1101.4 1134.4 1266.6 1289.1 1298.4 1230.4 1361.3 1416.7 1468.9 1467.2 1466.6 1483.3 1614.2 1646.3 
SO.0 1314.3 1208.6 1353.3 13Q6.0 1362.9 1392.4 1663.4 1660.4 1691.2 1680.6 1647.2 1734.6 1786.9 1796.1 1793.9 1820.6 1861.1 1888.9 

100.0 1682.8 1464.2 1426.4 1677.6 1626.7 1471.9 1864.3 1896.1 1908.4 1894.9 1998.6 2078.9 2140.0 2149.9 2148.1 2179.1 2212.1 2269.2 

150.0 3223. 2962. x3;. 3390. 3284. 2281. 3761. 3610. 3830. 3737. 4030;. 4161. 4282. 4288. 4342. 4401. 
200.0 
260.0 

t% 
4490. 

4a44. . 6648. 6380. . 6126. 6220. 6244. 6183. 6718. 6926. 
:;t;f. 

6971. 7054. 7098. 

10628: %i:: l;%: 
8072 

10907: 1%: 10%:: 
8901 

12014: 
9082. 3068 

12212: 
8964. 9461' 10126' 

7279. 

12736' 
3696 

13031' 
10003 
13462: 13641' 

10099 10232. 10233. 
300.0 

10627. 
12284. 12079 

360.0 13641. 12266. 13682. 14012. 13660. 13871. 16421. 16821. 16663. 15486: 16327: 16673: 
13599: 13791. 13743. 14167. 

17222. 17482: 17422. 17677. 17676. 18121. 

400.0 16830. 16229. 16820. 17364. 16912. 17166. 19083. 19619. 19371. 19146. 20163. 20600. 21273. 21608. 
20307. 

21527. 21849. 21691. 22374. 
450.0 18360. 20268. 20903. 20377. 20670. 22971. 23648. 23305. 23028. 24276. 24761. 26571. 26982. 26880. 26271. 
600.0 23967. 

26054. 
21666. 23876. 24437. 

26882. 
24021. 24362. 27069. 27873. 27441. 27108. 28673. 29134. 30088. 30676. 33462. 30915. 30637. 31616. 

*....*.~*.*.C*****.*...****.~~**....***....**..**.~..*.**...**.****.********.***..****.***..**.******.*.....~**.*.~~~*.****...**.... 
E/A SA TE BA LA PFI sn CD 80 RI LU ?A BE IR AU PB BI TH u 

60 52 66 67 69 62 64 67 69 71 73 76 77 79 82 83 90 92 *..**..~.*.*.********.***..*.*.*...**~****~.....*~~*.*~**.*..~~****.*...********...*****..*.**.***.*******~***.*~*~.~.*.~*.****~.*.~ 
2.6 11.67 12.10 13.06 13.31 13.80 14.51 14.93 16.48 16.80 16.13 16.46 16.82 17.17 17.60 17.92 18.07 19.36 
3.0 14.02 14.56 

19.77 
16.50 16.73 16.24 17.08 17.67 18.26 18.65 19.04 19.42 19.82 20.28 20.66 21.10 21.24 22.66 

3.6 16.47 17.12 18.06 16.26 18.77 
23.10 

19.74 20.32 21.16 21.68 22.04 22.47 22.92 23.48 23.88 24.36 
4.0 19.03 19.79 20.70 

24.49 26.04 26.62 
20.89 21.41 22.62 23.17 24.14 24.42 25.16 26.63 26.12 28.78 27.22 27.73 27.86 

4.6 21.71 22.68 
29.54 30.06 

23.48 23.64 24.17 26.42 26.14 27.26 27.78 28.37 28.91 29.44 30.20 30.68 31.23 31.34 33.17 33.72 

6.0 24.50 26.50 26.37 26.61 27.05 28.43 23.24 30.48 31.06 31.72 32.31 32.88 33.74 
27.42 

34.26 34.86 34.96 
5.6 28.64 

36.93 
29.40 29.61 30.05 31.68 

37.63 
32.46 33.84 34.44 35.20 36.84 38.46 37.42 37.38 38.60 38.69 

8,: 30.46 33.62 36.00 31.71 
40.83 

32.66 36.83 32.44 36.63 33.17 38.42 38.24 34.86 
41.47 

710 
36.82 39.30 37.33 40.95 36.00 41.67 36.81 42.64 39.60 43.30 40.16 41.22 41.82 42.49 42.67 44.87 46.66 

44.00 46.16 46.81 46.51 46.68 36.91 38.43 43.05 49.78 39.23 33.27 39.79 41.77 42.91 
44.70 

46.47 
46.42 47.23 47.37 49.24 49.92 50.67 60.73 63.38 64.16 

8.0 43.86 46.66 46.42 40.41 44.91 49.21 60.63 62.60 63.46 64.66 66.48 66.32 67.79 
9.0 61.23 

68.67 
53.40 64.13 67.16 

63.42 69.46 62.47 
54.06 64.63 68.66 

63.34 
61.03 41.98 $3.23 64.28 66.20 

69.22 
64t.89 67.77 

10.0 41.66 
68.72 $8.73 

42.34 62.13 42.64 66.61 
72.14 

67.32 69.33 71.03 72.44 73.61 
73.11 

74.63 76.64 77.61 
11.0 67.63 70.40 71.05 70.63 74.67 

78.67 78.66 82.39 
71.26 76.48 79.46 

83.47 
60.69 82.17 83.47 64.69 

76.62 
89.72 87.79 

12.0 73.46 
66.98 88.93 

80.26 73.97 
93.22 $4.41 

80.34 84.03 86.16 83.46 30.68 92.42 93.66 36.08 97.46 $8.61 99.34 99.86 104.62 106.92 

15.0 106.0 110.3 110.8 110.3 110.5 116.4 118.2 122.6 124.0 126.3 128.2 129.7 
20.0 144.4 171.0 

132.8 134.3 136.0 136.9 
171.2 170.2 

142.2 143.9 
170.0 177.2 181.3 187.4 189.4 192.7 136.4 

25.0 
197.6 202.0 204.0 

233.8 243.1 
206.7 208.3 

242.9 241.4 260.4 
216.7 218.1 

240.6 264.0 264.1 286.7 271.1 274.8 277.6 283.6 284.1 
30.0 313.7 324.0 

283.9 289.4 
326.6 323.3 

302.3 305.5 
321.8 334.6 341.9 362.2 366.3 361.0 366.7 349.2 376.8 

36.0 403.7 413.6 
360.0 386.2 

418.4 416.6 
384.4 401.3 406.6 

413.3 423.3 438.6 461.1 464.9 461.3 447.8 472.1 481.6 486.2 432.0 490.9 512.3 617.6 

iE 
50:o 

612.6 603.4 636.3 623.0 634.4 621.6 629.8 617.9 426.3 614.5 648.8 634.2 -2.2 646.4 540.6 664.9 673.4 660.6 686.7 597.0 601.4 609.8 608.4 634.9 041.3 
680.0 666.0 730.8 636.0 703.6 709.6 763.0 723.0 728.0 766.6 761.0 772.8 738.4 734.6 768.6 746.2 788.6 776.2 
909.3 816.0 824.6 836.7 843.6 

55.0 867.9 647.9 
869.2 864.8 

890.9 
877.3 876.2 

881.2 874.0 SM.1 
$12.9 921.9 

924.3 948.0 964.4 987.8 979.4 987.4 
60.0 993.6 

1005.3 1011.6 
1031.6 1028.0 1020.2 

1024.2 
1011.6 1048.3 

1023.7 1067.6 1078.0 
1043.1 1096.9 1103.0 1118.2 1131.6 1140.6 1160.3 1167.7 1184.8 1181.9 1232.4 1244.3 

66.0 1137. 1181. 1177. 1168. 1167. 1263. . 70.0 1230. 1278. 1293. 1303. 1326. 1339. 1334. 
60.0 1617. 1673. 1672. 

g. 1311. :::x. :::c 
1418. 

::;: 1333. 1363. 1360. 1421. 
1446. 1463. 1474. 1500. 1608. 1630. 1626. 

2423. 2024: 

1645. 1701: 1734: 
:i::: 

1404. 
1774. 

1786: 

12:: :E : 
1806. 1843. 

2060. 2462. 
1874. 1883. 

2042. 2442. 
1911. 1906. 

200a. 2337. :zr 2116. 2145. 2175. 2203. ;;:g. 
2668: 

2244. 
:::: : 

2292. 2327. 2321. 
2626. 

1987. 2419. 
2682. 2636. 

2006. 2441. 
. 2629. 2677. 2733. 2776. 2767. 2884. 2910. 

150.0 4846. 4810. 4763. 4313. 6000. 200.0 %E- %z 6102. 6125. 6166. 6242. 6277. 
260.0 10338: 11402: 

l:f& 1%:: 6367. 6376. 

14789. 

1:::: 1%: 646O. 6445. 
li%t: 

6672. 

300.0 16327. l,";:;* 6276. 8367 1% 
6722. 

11346. 12076' 12"1"%: l?i::' 9062. 9217. 16363. 16260. 16039. 16499. 16723. 16011: 
16043. 

16223: 14421: 16714: 1%:' 14793: l:;%' 17056: 1::::: 12983. 13268. 
360.0 18927. lW12. 16437. 18683. 13646. 13231. 13860. 10117. 

20480. 20609. 
17004. 17357. 

20737. 21003. 21087. 
17783. 

21360. 21466. 21803. 21736. 22123. 22701. 

400.0 23366. 24208. 24334. 24134. 23661. 24616. 450.0 28074. 24823. 29080. 26272. 26297. 26680. 26314. 29266. 26010. 29098. 2Q467. Z322. 26472. 
28483. 

26888. 
500.0 33015. 2Q821. 30348. 34134. 34413. 30348. 30704. 31114. 34246. 31216. 33763. 34844. 3l684. 31770. 

3SO40. 36673. 36668. 36082. J6667. 34060. 37103. 37326. 
37913: 32273 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

21 
6LECTROIIC STOPPIIG PGUER 11 USITS O? lWJ/tlIG/SQ C?l) AL 101s 

13 

R/A 6E $C Ic AL SI CA 2-I CR Fe II (21 GE SE SR 23 no Rkl 
4 12 13 14 20 22 24 28 28 29 32 34 36 40 42 46 4:" 

*I+..L*....LII+*...*...*.....~*.**...**.**....*.*~~.***~..***..*.**~.~.***.****...*..~~*....~~.....*~*~..*...**~..*..***~*..***~*.*. 
Ei 13.69 12.64 14.14 13.01 10.63 11.33 10.90 11.11 10.36 9.01 7.19 7.37 7.03 8.88 6.82 6.69 6.36 6.20 

4:6 3-E 

11.67 12.06 

;.I+; 6:SS 

8% 

7:66 7.26 iEi 6:68 

Fsi 

IO.?4 10.03 10.60 11.22 6:61 6.28 

f:: 8.661 9.406 9.878 9.323 I.967 a.392 8.093 7.886 ?.6?6 8.290 '1.861 7.414 6.90'1 6.683 6.696 6.367 6.677 6.280 6.620 6.233 8.147 6.879 6.664 6.602 6.629 6.391 6.626 6.298 6.497 6.270 6.343 6.126 4.998 4.814 6.084 4.863 

%:kj . 6.360 T.961 7.667 8.000 8.832 8.394 7.684 T.236 6.920 7.316 6.966 6.661 1.604 7.166 6.86? 6.819 6.633 7.131 6.268 6.019 6.772 6.106 6.849 6.613 6.008 6.768 6.628 6.602 6.988 6.726 6.403 6.193 6.631 6.369 6.166 4.967 4.987 6.171 4.779 4.861 4.704 6.084 4.864 4.883 6.069 4.924 4.737 4.663 4.841 4.4119 4.327 4.676 4.601 4.339 

1o:o 8.: 

6.007 7.321 6.396 6.161 6.316 6.031 6.336 6.196 6.121 6.104 4.820 4.603 4.443 4.377 4.369 4.261 4.061 4.047 

6.380 6.696 6.766 6.2?8 6.Wl 6.602 6.702 6.31? 6.869 6.406 6.603 6.239 4.984 4.843 4.836 4.629 
4.772 4.161 4.498 4.299 4.162 4.093 4.018 3.981 3.809 3.794 
4.410 4.464 4.218 4.034 3.699 3.846 3.833 3.744 3.694 3.671 

11.0 6.604 6.889 6.166 4.986 6.126 4.91? 4.344 4.269 4.20? 4.204 3.974 3.602 3.6?6 3.629 3.618 3.639 3.404 3.376 
12.0 6.163 6.613 4.866 4.694 4.829 4.638 4.119 4.022 3.974 3.976 3.766 3.697 3.480 3.436 3.427 3.361 3.234 3.201 

16.0 4.399 4.682 4.141 4.006 4.124 3.9?1 3.634 3.466 3.419 3.424 3.239 3.103 3.009 2.972 2.986 2.906 2.818 2.779 

X 3.604 2.946 3.772 3.180 3.360 2.831 3.242 2.741 3.341 2.826 3.226 2.736 2.8?? 2.443 2.819 2.396 2.192 2.376 2.801 2.386 2.661 2.269 2.643 2.186 2.486 2.103 2.442 2.066 2.439 2.086 2.393 2.047 2.336 2.906 2.293 1.966 

E:Ei 2.664 2.263 2.763 2.463 2.189 2.494 2.386 2.121 2.491 2.186 2.123 2.386 2.133 1.800 2.093 1.896 2.0?6 1.862 2.087 1.863 1.977 1.766 1.898 1.696 1.843 1.846 1.830 1.638 1.829 1.636 1.796 1.809 I.?86 1.683 1.728 1.646 

2:; 2.038 1.869 2.212 2.019 1.976 1.606 1.916 I.160 1.9?8 1.808 1.919 1.166 1.719 1.673 1.689 1.646 I.671 1.636 1.867 1.646 1.699 1.466 1.409 1.637 1.492 1.399 1.361 1.484 1.484 1.382 1.461 1.342 1.439 1.323 1.407 1.293 

28 
so:0 

1.712 1.690 1.662 1.730 1.666 1.660 1.616 1.602 1.66? 1.661 1.621 1.609 1.463 1.363 1.429 1.331 1.420 1.323 1.430 1.333 1.366 1.264 1.216 1.303 1.266 1.161 1.178 I.261 1.262 1.177 1.243 l.lW 1.226 1.146 1.199 1.119 
1.466 1.819 1.461 1.407 1.462 1.414 1.286 1.248 1.241 1.260 1.186 1.140 1.108 1.104 1.106 I.090 1.076 1.062 

66.0 1.39? 1.623 1.386 1.324 1.367 1.332 1.196 1.178 1.169 1.179 1.118 1.076 1.046 1.041 1.043 1.029 1.016 0.993 

'2: 
w:o 

1.320 1.193 1.440 1.302 1.292 1.169 1.263 1.134 1.293 l.l?l 1.290 1.142 1.132 1.026 1.114 1.010 1.108 1.006 i.il? 1.013 0.961 1.069 0.926 1.019 O.VW 0.699 0.987 0.897 0.966 0.890 0.976 0.887 0.964 0.876 0.942 0.867 
1.091 1.192 1.0?2 1.040 1.074 1.048 0.942 0.92? 0.923 0.931 0.683 0.860 0.826 0.824 0.826 0.616 O.&l? 0.789 

100.0 1.009 1.103 0.993 0.983 0.994 0.971 0.8?3 0.880 0.866 0.884 0.819 0.789 0.787 0.766 0.767 0.768 0.749 0.734 

160.0 0.7619 0.8239 0.?446 0.7228 0.7468 0.7296 0.6666 0.6416 0.8462 0.6621 0.6169 0.6961 0.6796 0.6790 0.6803 0.6744 0.6077 0.66'78 
200.0 0.6161 0.6828 0.6178 0.6987 0.6139 0.8060 0.6441 0.6344 0.6363 0.6426 0.6146 0.6069 0.4902 0.4602 0.4822 0.4169 0.4809 0.4641 
260.0 0.6379 0.6966 0.6409 0.6241 0.6363 0.6302 0.4110 0.4633 0.4706 0.4784 0.4618 0.4449 0.4304 0.4220 0.4238 0.4189 0.4227 0.4084 
300.0 0.464? 0.63’79 0.4884 0.4132 0.4644 0.4?W 0.4312 0.4161 0.4266 0.4310 0.4088 0.4024 0.3894 0.3821 0.3838 0.3776 0.3829 0.3102 
360.0 0.4462 0.4963 0.4603 0.4382 0.4487 0.4419 0.39’18 0.3834 0.3929 0.3980 0.3778 0.3716 0.3696 0.3630 0.3647 0.3490 0.3638 0.3423 

400.0 0.41?0 0.4630 0.4214 0.4062 0.4182 0.4137 0.3128 0.3694 0.3661 0.3730 0.3639 0.3481 0.3389 0.3310 0.3326 0.3274 0.3318 0.3211 
460.0 0.3943 0.4376 0.3966 0.3863 0.3968 0.3917 0.3628 0.3407 0.3487 0.3634 0.3364 0.3297 0.3192 0.3138 0.3163 0.3104 0.3146 0.3046 
600.0 0.3160 0.4116 0.3807 0.3887 0.3?60 0.3741 0.3369 0.3267 0.3331 0.33?? 0.3206 0.3160 0.3060 0.2999 0.3014 0.2968 0.300'1 0.2912 

.~...*.*.....*.....**.****..*..*~*..*.**........*.....**....*~...*.*.**.****.*.*.*...........***~.....**.*.***.*..*..**.~**....*~*** 
wA = = BI 6fLI SVpR 82sn f34GD WE0 8Vm ?lL” 73” ?6Rg nm 79’” 62pB .S? Wm 92” 60 62 66 

. . ..*.$*(I....................*.*.~~..*....~..*.*.*....*****.*..~.*.**..***.**..*******...~**.**...***.~....****.*.~..***~~.~..***~*. 

$2 6.824 6.632 6.669 6.390 6.W7 6.424 6.663 6.469 6.614 6.441 6.310 6.169 6.166 6.016 4.880 4.764 4.783 4.678 4.666 4.666 4.662 4.490 4.613 4.426 4.366 4.281 4.306 4.231 4.266 4.191 4.279 4.204 4.116 4.040 4.071 3.997 

Ei 6.416 6.201 6.188 4.984 6.220 6.013 6.262 6.064 6.243 6.041 4.962 4.797 4.846 4.6?0 4.617 4.460 4.640 4.390 4.436 4.296 -4.396 4.226 4.306 4.171 4.1?1 4.047 4.123 4.000 4.083 3.9SO 4.096 3.972 3.933 3.813 3.891 3.773 
4:6 4.992 4.786 4.812 4.861 4.644 4.616 4.496 4.302 4.236 4.149 4.084 4.033 3.919 3.873 3.834 3.846 3.690 3.861 

::: 4.806 4.793 4.698 4.419 4.622 4.443 4.669 4.416 4.666 4.479 4.441 4.278 4.326 4.169 4.149 4.002 4.090 3.948 4.007 3.869 3.946 3.812 3.697 3.767 3.790 3.886 3.747 3.624 3.708 3.666 3.696 3.719 3.668 3.460 3.630 3.414 
4.432 4.263 4.2’16 4.309 4.312 4.121 4.020 3.883 3.813 3.739 3.984 3.642 3.646 3.607 3.470 3.480 3.336 3.302 
4.289 4.096 4.119 4.162 4.167 3.978 3.879 3.732 3.886 3.616 3.663 3.623 3.433 3.396 3.369 3.388 3.231 3.197 
4.118 3.963 3.913 4.006 4.012 3.840 3.748 3.609 3.666 3.499 3.449 3.411 3.326 3.290 3.264 3.263 3.129 3.096 

to:0 82 

3.846 3.693 3.711 3.740 3.760 3.693 3.609 3.384 3.347 3.286 3.240 3.208 3.129 3.097 3.082 3.070 2.944 2.913 

3.397 3.809 3.486 3.286 3.482 3.280 3.308 3.609 3.621 3.320 
3.377 
3.186 3.299 3.114 

3.187 3.163 3.09? 3.066 3.024 2.964 2.924 2.690 2.696 2.??9 2.760 
3.011 2.961 2.930 2.890 2.662 2.797 2.??0 2.737 2.746 2.831 2.804 

11.0 3.212 3.088 3.103 3.127 3.141 3.011 2.949 2.866 2.628 2.?80 2.743 2.717 2.667 2.632 2.800 2.607 2.600 2.474 
12.0 3.048 2.930 2.944 2.967 2.962 2.688 2.803 2.716 2.890 2.646 2.812 2.687 2.631 2.608 2.477 2.484 2.361 2.367 

16.0 2.849 2.648 2.660 2.680 2.696 2.496 2.444 2.373 2.363 2.316 2.287 2.267 2.221 2.202 2.174 2.180 2.090 2.069 

iii:8 2.189 1.871 2.107 1.80? 2.116 1.816 2,133 1.829 2.149 1.846 2.070 l.??V 2.026 1.744 1.973 1.700 1.969 1.666 1.930 1.666 I.907 1.646 1.632 1.891 1.866 1.802 1.841 1.692 1.816 1.669 1.674 1.821 1.?46 1.609 1.729 1.494 

3:: 1.661 1.460 1.690 1.426 1.697 1.432 1.610 1.443 1.461 1.626 1.688 I.407 1.638 1.360 I.600 1.348 1.491 1.340 1.471 1.322 1.463 1.307 1.442 1.297 1.417 1.216 1.409 1.268 1.260 1.389 1.392 1.263 1.336 1.202 1.323 1.191 

::: 1.236 1.346 1.296 1.191 1.302 l.lS? 1.312 1.206 1.326 1.219 1.176 1.280 1.266 1.166 1.228 1.130 1.124 1.221 1.206 1.110 1.191 1.098 1.183 l.OW 1.163 i.O?2 1.167 1.067 1.140 1.061 1.143 1.064 1.011 1.097 1.087 1.002 
YE 

6o:o 

1.147 I.071 1.106 1.032 1.110 1.037 1.046 l.ilS 1.131 1.066 1.093 1.021 1.073 1.003 0.962 1.060 0.977 1.044 0.986 1.031 0.964 1.020 0.948 1.013 0.996 0.933 0.992 0.929 0.916 0.9’17 0.980 O.Sl? 0.940 0.660 0.8?2 0.932 

1.006 0.970 0.974 0.982 0.993 O.SW 0.943 0.923 0.919 0.909 0.898 0.892 0.678 0.876 0.861 0.664 0.829 0.821 

86.0 0.9606 0.9161 0.9202 0.92'18 0.9364 0. W?6 0.8914 0.8?31 0.8690 0.868'1 0.8493 0.8436 0.8306 0.8216 0.6149 0.8171 0.7643 0.?7?4 
70.0 0.9018 0.8992 0.8131 0.6601 0.8W6 0.8914 0.8462 0.6291 0.8263 0.8166 0.8098 0.8013 0.?892 0.?866 0.7743 0.7164 0.1463 0.7388 
60.0 0.8207 0.?910 0.?946 0.8010 0.6106 0.?846 0.7708 0.7666 0.7623 0.7437 0.7361 0.7308 0.7200 0.?17? 0.7086 0.7086 0.6802 0.6743 
SO.0 0.7667 0.7264 0.7317 0.73’16 0.7499 0.?228 0.1103 0.690? 0.693? 0.8869 0.6786 0.6742 0.6843 0.6824 0.6620 0.6639 0.6278 0.6224 , 

100.0 0.?024 0.6771 0.6801 0.8866 0.6944 0.8722 0.6801 0.6463 0.6466 0.6386 0.6317 0.62?? 0.6188 0.6169 0.6072 0.8OW 0.6847 0.6?97 

160.0 0.6338 0.6147 0.6169 0.6212 0.6284 0.6118 0.6034 0.4946 0.4929 0.4879 0.4828 0.4798 0.4733 0.4721 0.4648 0.4981 0.4476 0.4439 
200.0 0.4443 0.4291 0.4291 0.4326 0.4390 0.4263 0.4188 0.4116 0.4106 0.4066 0.4023 0.3999 0.3947 0.3936 0.38?6 0.3689 0.3837 0.3713 
260.0 0.3910 0.3??? 0.3736 0.37S9 0.3624 0.3?16 0.3679 0.3814 0.3616 0.3676 0.3623 0.3617 0.3478 0.3463 0.3398 0.3410 0.3386 0.3279 
3X.0 0.3646 0.3424 0.339? 0.3396 0.3449 0.3311 0.3337 0.3260 0.3283 0.3249 0.3199 0.3194 0.3169 0.3137 0.3087 0.3098 0.3076 0.2980 
360.0 0.3216 0.3167 0.3133 0.3144 0.3192 0.3119 0.3088 0.3038 0.3039 0.3006 0.2992 0.2967 0.2926 0.2909 0.2860 0.2810 0.2849 0.2762 

400.0 0.3076 0.29?1 0.2811 0.2961 0.2996 0.2928 0.2899 0.2861 0.2864 0.2823 0.2783 0.2778 0.2749 0.2730 0.2888 0.2696 0.26?6 0.2696 
460.0 0.2911 0.2816 0.2?90 0.2799 0.2642 0.2'1'18 0.2760 0.2706 0.2708 0.26?9 0.2641 0.2636 0.2610 0.2692 0.2660 0.2640 0.2466 
600.0 O.l?W 0.2896 0.2989 0.26?8 0.2?19 0.2666 0.2631 0.2669 0.2692 0.2684 0.2628 0.2623 0.2498 0.2462 

0.26 t 2 
0.24 4 0.2461 0.2431 0.230 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAICE II UIITS OF HG/SQ C?l 
27 

AL Ions 
13 

WA 8% 
4” 12 

Iii AL SI Cl T I  CR FE Ii1 aJ GE SE SR 111 &IO Pil 
4 13 I4 20 22 24 26 28 29 32 34 38 40 42 45 4:” 

.C.+*....t....**.*.l*~.*.~*..****..**.**.**.****..*~..*...***.*.****.****.**.*..*..***.....*****~**.****.*******.*.*******~.*...*..* 
2: 4.020 6.451 4.420 6.41% 8.204 7.434 4.180 7.459 4.040 7.314 7.172 8.614 7.770 9.309 8.204 9.804 10.107 8.630 10.617 8.860 10.803 9.030 11.471 9.800 11.876 9.920 12.404 10.402 10.600 12.417 ICY.794 

1~.880 
11.130 13.433 13.430 11.420 

32 
4:s 

4.773 7.986 4.496 7.46% 10.141 8.74% 10.270 8.822 lO.ot)4 a.%47 11.440 9.936 10.935 12.463 11.490 13.288 11.890 13.704 12.247 14.104 14.412 12.441 16.482 13.429 13.924 14.08% 14.492 14.477 14.920 14.721 16.062 17.320 16.808 18.248 16.940 18.340 
9.287 8.901 11.421 11.80% 11.646 13.030 14.444 16.140 16.413 14.034 14.480 17.436 18.309 18.943 19.220 19.489 20.821 20.844 

2: 10.88 12.1% 10.23 11.43 13.19 14.84 13.43 16.14 13.16 14.82 14.71 18.47 14.37 18.37 17.11 19.17 17.42 19.72 20.18 18.0% 21.06 18.81 22.26 19.49 20.46 23.11 23.86 21.36 21.42 24.l3 22.1% 24.74 23.47 28.23 23.4% 24.18 
13.72 13.12 14.68 14.94 14.68 18.32 20.47 21.34 21.92 22.39 23.40 24.71 26.4% 24.46 24.75 27.43 29.08 29.01 
16.38 14.49 18.40 IS.83 18.42 20.2% 22.47 23.40 24.21 24.70 26.86 27.28 28.33 29.1% 23.47 30.23 32.04 31.95 
17.12 14.34 20.3I 20.81 20.36 22.28 24.9% 26.96 24.41 27.11 28.40 29.96 31.10 31.97 32.30 33.13 36.11 36.01 

8:: 20.8% 24.94 19.87 23.71 24.38 28.79 26.02 29.69 24.46 28.89 28.68 31.23 36.08 29.83 3.36 30.9% 31.48 37.16 37.89 32.20 33.80 39.40 36.80 41.48 36.9% 43.26 37.93 44.31 44.49 38.28 39.27 6.83 41.66 48.44 41.46 48.36 
10.0 29.36 27.8% 33.63 34.49 33.47 36.22 40.71 42.12 43.00 43.64 46.80 44.1% 49.97 61.12 61.62 2 2.83 66.74 65.49 
11.0 34.09 32.31 38.40 59.74 38.77 41.64 4%.71 48.27 49.23 49.78 62.40 66.0% 67.10 68.36 68.77 80.26 83.4% 85.47 
12.0 39.1% 37.0% 44.00 45.33 44.20 47.20 63.08 64.79 66.83 64.39 69.39 42.37 84.46 44.00 (16.44 48.10 71.40 71.49 

16.0 sB.28 53.07 42.13 64.07 42.42 88.14 74.38 76.69 77.88 78.41 82.68 88.49 89.78 91.42 91.92 94.14 98.61 98.92 

30:0 g’: 

91.02 86.41 %.%I lOl.77 99.01 104.09 11% 98 120.10 121.83 122.26 129 01 136 02 139 46 141.81 142 39 146 43 161 40 162 49 

133.22 182.58 124 170:22 65 142 193:89 43 147.24 200.17 143 194:46 12 202173 149 72 l%B:lO 227.41 232171 172 26 236:43 174 47 174 236:34 47 248144 184’38 192’74 259:4% 199’16 287:SO 201.84 271.12 202’48 27l:BO 217138 2M4’84 214’00 28S:SZ 214’60 2BS:S4 
36.0 238.8% 222.19 262.14 240.30 262.74 242.84 294.41 301.16 304.41 303.93 320.86 334.86 346.56 349.31 349.99 3bB.88 384.82 372.63 

40.0 301.8 280.2 317.1 327.4 317.8 329.8 389.4 377.3 381.1 380.2 401.3 418.6 431.8 434.1 436.7 446.0 464.4 484.2 
46.0 371.3 344.2 388.7 401.2 389.3 403.5 461.4 441.0 486.4 483.9 489.6 610.6 624.4 631.2 631.8 641.6 664.3 644.4 

so:0 &I*: 

447.0 413.9 444.4 441.6 467.2 483.4 641.0 651.9 664.9 664.7 686.6 410.2 429.0 %34.3 634.9 %4%.2 880.4 473.0 

414.8 628.9 489.2 5%9.9 840.8 650.7 bB1.3 688.3 641.2 661.4 682.7 649.9 837.3 740.4 849.8 764.4 456.4 740.9 462.6 757.2 688.7 799.1 717.4 832.3 739.6 867.6 746.3 883.9 746.7 884.2 758.4 878.8 774.4 898.1 789.4 914.2 

46.0 710.8 866.9 734.8 740.3 737.1 70.9 860.1 844.1 873.0 888.6 916.4 964.3 983.1 989.9 990.0 1008.3 1026.3 1044.3 
70.0 810.0 747.1 838.6 886.1 838.7 8B6.1 988.3 984.1 991.7 984.2 1040.6 1083.4 1116.9 1123.1 1123.1 1141.1 1141.8 1186.9 
80.0 1026.6 944.4 1068.6 1092.0 1068.4 1090.6 1217.3 1239.1 1248.1 1240.4 1308.6 1341.9 1402.6 1410.5 1410.1 1431.9 1464.0 1484.7 
90.0 1242.6 1141.4 1299.9 1340.9 1299.6 1337.4 1492.4 1618.4 1628.8 1618.7 1601.9 1444.8 1714.1 1724.9 1723.9 1749.4 1777.6 1816.3 

100.0 1620.0 1397.3 1641.9 1410.9 1641.1 1406.4 1790.6 1821.1 1832.9 1820.0 1919.4 1998.8 2066.6 2046.2 2043.6 2093.3 2126.1 2170.4 

160.0 3093. 2834. 3166. 3262. 3161. 
33;. 

3699. 386%. 3876. 3844. 3842. 3993. 4109. 4121. 4116. 4167. 4223. 4309. 
200.0 5090. 4048. 6141. 6321. 6140. 

7474: 
687%. 6948. 6989. 6931. 4263. 4434;. 8643. 4700. 6887. 8747. 4809. 6983. 

260.0 7445. %772. 760%. 7741. 7626. 863%. 8890. B%%% 8697. 9044. 968%. S813. 9816. 10096. 
300.0 1009%. 9141. 10139. 10469. 10180. 10341. 11620. 11780. 11711. 11683. 12212. 1249%: 

l%ti: 1::::. 
13040. 13226 13178. 13676. 

350.0 13003. 11781. 13023. 13436. 13087. 13299. 1478%. 16149. 16018. 14848. 16464. 16993. 14613. 14763: 16708. l%SSO: 14862. 17376. 

400.0 16137. 14804. 1412%. 14438. 14216. 14440. 18296. 18811. 18672. 18366. 19361. 19761. 20397. 20717. 20441. 20948. x)797. 21452. 
460.0 19449. 17806. 19422. 20041. 1963%. 19817. 22023. 22472. 22344. 22078. 23274. 23740. 24617. 24910. 24814. 25188. 24980. 26776. 
500.0 22978. 20746. 22890. 23420. 23029. 2334%. 26942. 26728. 26308. 26990. 27393. 27932. 2884%. 29314. 29146. 29439. 29373. 30310. 

*.~C....*...~**.*******..**..*.~...*.....*.*..**~****.....*.~*..*.***..*.*.**.*.~..**...*~.************~*.*....*..*.*****.****...*.~ 
WA SE T6 %A LA PR Stl CD 80 Ill LU TIP RE IR AU P9 81 'IH U 

60 62 5% 67 69 42 44 67 69 71 73 76 77 79 82 83 90 92 
*~.~**+*..**...**.*...**.***.~****.*.***..*.***~~****.**.**.*****~*.**.***..****...***.**~*****.*.***........~**.***.*~..***.*~~...* 

i:: 11.99 14.35 12.44 14.90 13.42 16.87 13.48 14.10 14.18 14.42 14.91 17.48 17.99 16.34 16.90 18.70 14.24 19.10 14.68 19.60 14.92 19.89 17.28 20.30 20.77 17.66 21.14 17.98 18.41 21.40 21.74 18.66 19.90 20.32 
23.20 23.66 

tfl 

4:6 

14.79 19.33 17.46 20.11 21.06 18.41 18.42 21.24 21.78 19.16 20.14 22.91 20.73 23.67 21.68 24.66 22.02 26.06 22.60 26.69 22.94 26.08 23.39 26.68 23.96 27.26 24.37 27.49 24.8% 28.22 26.00 28.34 24.69 30.41 27.09 

21.98 22.87 23.79 23.97 24.61 26.78 26.61 27.84 28.18 28.79 29.33 29.87 30.84 31.12 31.48 31.80 30.07 33.47 34.26 

::: 24.74 27.42 26.76 28.76 24.4% 29.44 29.7% 24.81 30.31 27.36 31.8% 28.7% 32.76 29.68 30.83 34.16 31.42 34.78 36.63 32.10 32.70 3%.18 34.80 33.28 34.14 37.77 34.47 38.33 38.9% 36.2% 39.0% 35.37 37.39 38.01 
41.24 41.90 

4.0 30.80 31.8% 32.74 32.84 33.38 36.07 36.06 37.68 38.2% 39.08 39.78 40.44 41.61 42.12 42.79 42.88 
33.71 

46.22 46.92 
4.6 36.10 36.96 3%mO3 jo.67 38.41 39.47 41.14 41.8% 42.75 43.61 44.21 46.38 48.03 46.76 e6.82 49.33 60.07 
7.0 36.93 3B.46 39.29 39.34 39.88 41.8% 43.01 44.81 46.69 rM.54 47.3% 48.11 49.38 60.07 50.83 50.89 63.68 64.3% 

8.0 43.72 46.62 40.33 48.32 40.84 49.14 50.4% 62.64 63.41 64.61 56.44 66.28 67.76 68.63 59.39 69.43 42.48 
9.0 60.97 63.07 

43.3% 
63.84 63.78 64.28 64.89 68.40 80.77 81.72 42.98 64.03 84.96 86.43 47.61 %B.47 88.48 71.92 72.90 

10.0 68.49 81.11 41.83 41.71 42.18 86.13 %%.83 89.49 70.63 71.94 73.12 74.14 74.03 77.00 78.07 7%.0% 81.91 
11.0 68.87 49.41 70.30 70.11 70.64 73.84 

83.00 
76.74 78.70 79.84 81.41 82.71 83.82 85.94 87.00 88.19 88.16 92.44 93.64 

12.0 76.60 78.69 79.24 78.97 79.37 83.03 86.14 88.40 BS.43 91.37 92.80 94.01 SB.36 97.61 98.83 98.77 103.61 104.82 

16.0 104.1 108.3 108.8 108.3 108.4 113.4 114.2 120.4 121.9 124.2 124.0 127.6 130.4 132.1 133.8 133.7 
20.0 140.4 I%%.9 187.1 

139.9 141.6 
I%%.2 144.0 173.1 177.1 163.1 186.1 188.3 191.0 193.1 197.4 202.1 

26.0 
199.4 201.7 210.9 

227.3 236.3 234.3 
213.3 

234.8 234.1 243.4 249.1 267.0 269.6 2B3.9 267.6 270.2 274.0 278.6 282.3 a81.8 
E:E 304.2 390.7 314.2 404.0 316.7 406.2 

294.4 297.6 
313.4 402.4 312.2 400.1 416.7 324.8 331.8 424.4 341.8 434.9 344.9 440.6 360.4 447.4 463.1 366.0 368.4 467.3 386.8 368.9 374.0 373.2 389.7 393.8 

464.4 470.1 474.4 476.4 498.4 501.4 

2: 484.6 691.3 414.2 506:4 412.6 604.2 608.0 600.4 497.4 603.7 424.6 614.4 439.4 627.3 664.7 642.0 481.4 644.2 611.3 664.4 479.4 581.4 686.4 644.4 677.4 681.4 689.8 588.6 614.1 420.4 
498.4 713.3 

%a:0 iE 
704.7 732.0 

703.2 711.4 
729.7 724.4 ‘Ha.9 746.8 

742.4 749.9 
780.8 780.8 784.3 797.8 807.3 814.0 829.1 834.6 844.8 

820.7 954.8 858.6 9g3.4 866.7 990.1 1009.4 873.4 
844.4 881.0 889.7 

B49.3 982.7 842.6 974.3 1029.9 891.0 1066.7 913.9 1042.7 920.1 1077.3 933.0 1090.2 944.3 1098.9 962.0 1118.4 989.3 976.3 989.6 987.1 1029.6 1039.6 
1126.1 1141.7 1138.9 1187.7 1199.2 

FE 1096. 1241. 1137. 

:z:. 

1133. 1283. :::a* 1114. 1164. ll77. 

159s: :z. 

120%. 1346. 1214. 1373. 1230. 1392. 
:t:; 

: 1266. 1419. 1277. 1284. 1303. 1300. 1366. 1368. 
1444. 

1oo:o %2 
1666. 

1451. 1473. 1646. 

2249. 1898. 2366. 1970 : :t:f. 234s: 

1449. 

2033 2427. : %. 2481: 
1710. 1739. 1759. 1772. 1802. 1811. 1839. 1834. ::::: 1929. 

ES* . 2494. 2091. 2117. 252%. 2142. 2664. 2167. 2573. 2193. 2203. 2237. 2231. 2326. 2347. 
2416. 282.3. 244%. 2469. 2771. 2797. 

z% 4%63. 441%. 4716. 4799. 489%. 4919. 497%. 6031. 60%6. 6142. 6100. 6240. 5228. 6444. 6492. 

260:0 

7297. 4504. 4%73. 7608. 73B3 4601. 

10648. 10934. 1::~: l:%:: 10491: l:%: lzf:’ 
300.0 14182. l4%9B. l4728. 14623. 14422. l4%%3. 15078: 

I%!’ 
16363: 

l$? 
16386: 

li%;’ 
1566%: 

ii”:::: 1%:’ 
16420: 

1:;::' 
16026: 

1%:’ 

360.0 18160. 18804. 
1574%. 

18879. 18700. lB498. lsO34. 
14106: 

1:;;’ 
14367: 

1%:;’ 
14307: 

1:;:’ 
14446: 

$;:: 
17064. 

19290. 19638. 1944%. 19486. 20140. 20220. 20473. 20583. 20907. x)%42. 21214. 21748. 

400.0 22406. 23211. 2333l. ‘23197. 22849. WE.04. 23809. 2426%. 460.0 24232. 2%91%. 27880. 24526. 24848. 2493%. 25238. 28049, 27899. 27601. 25382. 28243. 28692. 29097. 25782, 26’100. 2%.lo9. 2481%. 
600.0 29110. 2g442. 31462. 32784. 29432. 29933. 30287. 32999. 32833. 32380. 33214. 30441. J)g40. 

33414. 34202. 3421%. 34698. 
30%42. 31292. 32168. 

3SO59. 35147. 35673. 35787. 3%360. 3%.235. 3%729. 37769. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROlIC BTOPPIIG POSER 11 WITS OF ?USV/tHG/SQ QI) 
28 

SI Ioas 
14 

I/h a3 
SC 12 

w; hL SI ch I-L CR FE aI aJ GE SE SR ZB no 334 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4:G 

.****.+*..~....**+..*.*..*.*~*.**.*.**~~.**.**.....**.~*.~*~.*.**.~*~****.....*.*.*.*...*.~~*.*....*..**..**.*...*.*..*.......*.~**~ 

3:: 
16.43 16.88 12.64 12.14 ii.38 11.62 10.02 9.82 9.20 8.66 7.80 7.68 7.31 8.68 8.88 
14.18 14.8-Z il.90 ii.46 11.89 IO.92 

:-ii t:: 
xi% 
a:66 

8.82 8.30 ;-i; 
p: 

7.62 Ei 
7:07 

7.31 7.07 4.44 a.96 

tx 
4:s 

13.11 13.62 11.21 10.79 11.03 '"9.7: 
12.20 12.?1 10.68 '"g.;; I;.;; 

9: 32 
8:61 8132 x-s 

7.94 7.22 
za :-:2 

8.26 8.42 
8.16 

7:70 . T.2 4:90 
6.92 6.78 

6:48 6:27 
8.04 6.18 

11.41 11.92 10.01 . . 8.19 7.93 7.78 8.83 8.60 6.84 6.94 

6.0 10.72 11.22 9.60 9.38 a.ai 6.61 6.36 6.24 

::lt 
10.11 10.81 

t% 
z% 
8:31 X% $Zj 

5.8 
g:;; 

5-E 
6:92 

3.:: 
4:at 

$3 tz 
;::: it2 

6.10 
E 

iz: 
8.03 6.71 

!p; '"9.: 
8: 23 $g 

6.86 5:73 t5; 
z1 
6:26 

6.49 

7:: a:ss 9: 13 x’: 7143 
6.84 8.64 4:so 6:86 

7.88 . . 8:68 8.38 6.28 4.26 s:so 6.83 . :.ti 
6: 64 6.62 s:37 6.08 i% 
6.34 6.32 6.18 4.91 4193 

E 
7.912 8.371 7.288 7.019 7.207 8.876 8.082 6.921 6.836 6.814 6.490 6.243 6.090 4.983 4.962 4.839 4.611 4.808 

1o:o 
7.294 7.734 8.747 6.618 8.699 8.400 6.869 6.624 6.448 6.436 6.134 4.908 4.738 4.870 4.662 4.641 4.344 4.326 
6.772 7.196 6.300 8.087 8.267 6.990 6.311 6.179 6.112 6.104 4.823 4.811 4.466 4.396 4.380 4.278 4.108 4.080 

11.0 8.324 4.732 6.911 6.714 6.875 6.832 4.998 4.878 4.017 4.813 4.649 4.362 4.208 4.163 4.140 4.044 3.894 3.881 
12.0 6.937 6.329 6.671 6.386 6.640 6.317 4.722 4.611 4.668 4.666 4.307 4,122 3.987 3.937 3.926 3.839 3.704 3.888 

16.0 6.032 6.386 4.784 4.808 4.744 4.686 4.062 3.973 3.930 3.930 3.723 3.680 3.464 3.415 3.408 3.337 3.237 3.192 

it8 
4.044 4.347 3.883 3.739 3.863 3.720 3.317 3.249 3.218 3.229 3.066 2.931 2.841 2.814 2.811 2.767 2.490 2.842 
3.403 3.970 3.270 3.168 3.296 3.168 2.820 2.768 2.742 2.764 2.608 2.603 2.428 2.408 2.408 2.383 2.316 2.288 

2: 
2.963 3.192 2.849 2.769 2.848 2.767 2.466 2.420 2.400 2.413 2.286 2.184 2.130 2.116 2.114 2.078 2.040 1.997 
2.618 2.836 2.633 2.464 2.632 2.466 2.198 2.169 2.142 2.166 2.042 1.961 1.904 1.892 1.892 1.882 1.831 1.791 

28 
2.369 2.668 2.288 2.217 2.288 2.221 1.989 1.966 1.941 1.963 1.861 1.778 1.727 1.717 1.718 1.891 1.666 1.628 
2.162 2.336 2.091 2.027 2.092 2.033 1.821 1.790 1.778 1.790 1.897 1.631 1.686 1.676 1.677 1.664 1.631 1.497 

it?: 
I.982 2.166 1.930 1.871 1.931 1.878 I.084 1.666 1.846 1.467 1.670 1.610 1.487 1.460 1.481 1.440 1.420 1.388 

ao:o 
1.841 2,003 1.796 1.741 1.797 1.748 1.668 1.642 1.633 1.644 1.464 1.408 1.388 1.362 1.364 1.344 1.327 1.297 
1.722 1.874 1.881 1.830 1.683 1.638 1.470 1.448 1.437 I.449 1.374 1.321 1.284 1.279 1.280 1.263 1.247 1.219 

%:: 
1.619 1.764 1.683 1.636 1.684 1.643 1.385 1.383 1.366 1.368 1.296 1.246 1.211 
1.630 1.89a 1.497 1.462 1.499 1.441 1.311 1.291 1.284 1.294 1.227 

1.207 1.208 ;.:C3; 1.178 1.161 
1.181 1.148 1.144 1.146 1.117 1.092 

%: 
1.382 1.608 1.368 1.316 1.367 1.324 1.189 1.171 1.166 1.176 1.114 1.072 1.042 1.039 1.041 1:oza 1.016 0.994 

1oo:o 
1.266 1.382 1.243 1.208 1.246 1.216 1.092 1.076 1.070 1.080 1.024 0.986 0.968 0.968 0.968 0.949 0.936 0.916 
1.170 1.278 1.161 1.117 1.163 1.124 1.012 0.997 O.S92 1.001 0.960 0.916 0.889 0.887 0.889 0.879 0.889 0.861 

160.0 0.8719 0.9661 0.8636 0.8383 0.8B49 0.8461 0.7617 0.7610 0.7482 0.7662 0.717S 0.8913 0.0721 0.6716 0.6730 0.8861 0.6684 0.8487 
200.0 0.7144 0.7917 0.7166 0.6943 0.7120 0.7016 0.6310 0.6198 0.6220 0.6294 0.6988 0.6879 0.6684 0.6669 0.5692 0.6619 0.6677 0.6382 
260.0 0.8238 0.4918 0.6273 0.8078 0.8220 0.8148 0.6632 0.6373 0.6467 0.6626 0.6240 0.6180 0.4991 0.4894 0.4916 0.4833 0.4903 0.4738 
300.0 0.6822 0.8237 0.6B84 0.6488 0.6818 0.6666 0.6000 0.4814 0.4936 0.4999 0.4742 0.4867 0.4618 0.4431 0.4461 0.4379 0.4440 0.4293 
360.0 0.6176 0.6744 0.6222 0.6069 0.6181 0.6126 0.4814 0.4448 0.4666 0.4616 0.4379 0.4309 0.4170 0.4094 0.4114 0.4048 0.4104 0.3970 

400.0 0.4837 0.6370 0.4887 0.4734 0.4860 0.4798 0.4321 0.4168 0.4289 0.4328 0.4106 0.4037 0.3908 0.3839 0.3867 0.3797 0.3848 0.3724 
460.0 0.4672 0.6077 0.4626 0.4480 0.4691 0.4643 0.4092 0.3961 0.4044 0.4098 0.3890 0.3824 0.3702 0.3639 0.3867 0.3800 0.3648 0.3631 
600.0 0.4381 0.4843 0.4416 0.4277 0.4384 0.4338 0.3908 0.3777 0.3883 0.3916 0.3718 0.3663 0.3637 0.3478 0.3496 0.3442 0.3487 0.3377 

. ..~.*I...*.L*..........***.*.*..*...*.**...*~.*....*...*~.*******.***.*.*.*.**...***.**.*..*.**..**..*.**.*....*....***..*..~..**.* 
S/h SI l-s BP Lh PB sn GD HO In Lu Th BE Irl PU PB BI 73 u 

60 62 56 67 69 62 84 67 69 71 73 76 77 79 a2 83 90 92 
. . . . . . . . . . . . . . ..*...~*.**.....**...*..*..*....**..*...*..**..***.~..**....*.*..*..*...*.*.*.*~.*~.~*.***.........*...*.***...**~~*.. 

::: 
8.449 8.186 8.206 8.268 8.212 6.874 6.702 6.397 6.289 6.168 6.086 4.988 4.814 4.768 4.713 4.728 4.646 4.498 
8.268 6.998 8.036 8.084 8.062 6.737 6.678 6.293 6.200 6.077 4.990 4.918 4.767 4.701 4.866 4.870 4.486 4.438 

:4 
8.064 6.797 6.831 6.878 6.868 6.642 6.411 6.164 6.087 4.963 4.871 4.804 4.864 4.600 4.666 4.688 4.388 4.339 

4:s 
6.832 6.687 6.419 6.864 6.649 6.376 6.232 4.998 4.916 4.810 4.732 4.670 4.631 4.478 4.433 4.446 4.288 4.222 
6.413 6.380 6.409 6.462 6.444 6.186 6.061 4.833 4.760 4.480 4.687 4.629 4.399 4.348 4.304 4.318 4.142 4.097 

::t 6.402 6.203 4.990 6.180 6.208 6.018 6.249 6.066 

8.: 
7:o 

4.839 6.016 4.444 (.a12 4.838 4.847 4.876 4.704 
4.474 4.487 4.609 4.644 

8.0 
9.0 

10.0 
11.0 
12.0 

:-::: 
::fi 
3:491 

4.201 

3: 
3: 632 
3.366 

4.266 

5% 
3: 678 
3.398 

16.0 3.043 2.927 2.940 2.983 
20.0 2.622 2.427 2.438 2.467 
26.0 2.167 2.088 2.096 2.112 

22: 
1.908 1.838 1.846 1.860 
1.712 1.449 1.468 1.469 

40.0 1.667 1.600 
46.0 1.432 1.379 
60.0 1.328 1.279 
66.0 1.241 1.196 
80.0 1.188 1.124 

1.608 

:z: 
1:201 
1.129 

1.618 
1.398 
1.196 

::::: 

86.0 1.102 1.082 1.086 1.076 
24 

90:o 

0.961 1.046 0.917 1.007 0.921 1.012 0.929 1.020 

0.876 0.846 0.848 0.866 
100.0 0.814 0.786 0.789 0.796 

160.0 0.8191 0.6988 0.6996 0.9044 
ZQO.0 0.6163 0.4978 0.4978 0.6017 
260.0 0.4636 0.4380 0.4332 0.4388 
300.0 0.4111 0.3971 0.3928 0.3941 
350.0 0.3802 0.3973 0.3834 0.3846 

400.0 0.3667 0.3449 0.3411 0.3422 
460.0 0.3383 0.3266 0.3239 0.3247 
500.0 0.3236 0.3124 0.3006 0.3106 

f-E8 
41878 

::I:: 

4.268 
4.014 

3% 
3:41s 

2.961 
2.476 

:%7 
I:886 

1.634 
1.411 

:*:53 
I:161 

6.003 
4.827 
4.681 

t::: 

4.087 
3.849 
3.838 
3.460 
3.281 

1.482 
I.304 
1.269 
1.183 
1.113 

0.3398 
0.3222 
0.3083 

4.876 4.672 
ytt 

41394 

yg 

41227 
4.261 4.093 

3.991 3.849 
3.780 3.831 
yw; 

31209 

;.g 

31109 

2.807 2.726 
2.338 2.273 
f.oi:T” ym; 

I:698 1:669 

1.464 1.421 
1.338 1.309 
I.242 1.218 
y6; :.;g 

1.033 1.012 
a.981 0.981 
yls~ 

0:788 

y3l3 

0:762 

0.6838 0.6737 
0.4864 0.4778 
0.4288 0.4192 
0.3870 0.38M 
0.3682 0.3621 

0.3392 0.3308 
0.31eo 0.3136 
0.3062 0.3002 

4.606 4.611 4.442 4.388 4.266 4.217 4.174 4.186 4.016 3.972 
4.466 4.380 4.301 4.260 4.136 4.089 4.048 4.067 3.891 3.860 
4.311 4.227 4.146 4.110 4.009 3.994 3.922 3.932 3.771 3.731 
4.174 4.094 4.036 3.989 3.887 3.846 3.803 3.813 3.867 3.618 
4.044 3.900 3.911 3.848 3.772 3.731 3.890 3.700 3.647 3.610 

3.806 3.737 3.a84 3.446 3.667 3.620 3.481 3.490 3.346 3.311 
3.693 3.630 3.481 3.446 3.366 3.331 3.293 3.301 3.166 3.132 
3.403 3.344 3.299 3.266 3.193 3.182 3.124 3.132 3.003 2.972 
3.233 3.179 3.138 3.1oB 3.038 3.009 2.972 2.980 2.867 2.827 
3.080 3.029 2.990 2.991 2.897 2.871 2.838 2.843 2.726 2.697 

2.702 2.660 2.626 2.602 2.660 2.628 2.496 2.602 2.399 2.376 
2.268 2.223 2.198 2.178 2.138 2.120 2.092 2.097 2.011 1.991 
1.948 1.921 1.898 1.883 1.849 1.837 1.811 1.816 1.741 1.724 
1.723 1.899 1.879 1.488 1.637 1.628 1.604 1.809 1.643 1.628 
1.660 1.629 1.612 1.600 1.476 1.467 1.446 1.449 1.390 1.377 

1.413 1.396 1.379 1.369 1.348 1.339 1.319 1.323 1.269 1.267 
1.302 1.286 1.271 1.282 1.241 1.236 1.217 1.220 1.171 1.160 
1.209 1.194 1.181 1.173 1.164 1.149 1.132 1.136 1.089 1.079 
1.131 1.118 1.106 1.098 1.080 1.078 1.060 1.082 1.020 1.010 
1.086 1.062 1.040 1.033 1.017 1.013 0.998 1.001 0.960 0.962 

1.007 0.996 0.984 0.978 0.963 0.969 0.944 0.947 0.909 0.901 
0.968 0.946 0.936 0.929 0.916 0.911 0.897 0.900 0.884 0.866 
0.872 0.882 0.863 0.847 0.836 0.832 0.819 0.821 0.788 0.782 
0.804 0.796 0.787 0.782 0.770 0.748 0.764 0.768 0.728 0.722 
0.749 0.740 0.732 0.72a 0,717 0.716 0.704 0.7oB 0.678 0.872 

0.6717 0.6668 0.6699 0.6606 0.6489 0.6474 0.6390 0.6408 0.6191 0.6148 
0.4760 0.4714 0.4886 0.4638 0.4677 0.4664 0.4496 0.4609 0.4460 0.4306 
0.4194 0.4147 0.4084 0.4079 0.4034 0.4004 0.3941 0.3966 0.3927 0.3803 
0.3807 0.3785 0.3710 0.3704 0.3884 0.3838 0.3681 0.3693 0.3587 0.3468 
0.3624 0.3488 0.3438 0.3430 0.3394 0.3370 0.3317 0.3328 0.3304 0.3203 

0.3309 0.3274 0.3227 0.3221 0.3188 0.3186 0.3117 0.3127 0.3103 0.3010 
0.3141 0.3107 0.3063 0.3oSe 0.3027 0.3008 0.2990 0.2989 0.1948 0.2869 
0.3008 0.2973 0.2932 0.2928 0.2898 0.2878 0.2834 0.2843 0.2819 0.2737 

34 Atomic Data and Nuclear Data Tables. Vd. 46. No. 1. September 1990 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

BAIGE 11 U%ITS OF P!C/SQ 0l 

WA 86 
gc 12 

I92 AL 
a I3 

l +******.;************************* 
3:: 4.400 6.347 4.210 6.12% 7.08% 6.927 7.087 6.900 

2x 
4:s 

a.375 7.483 4.119 7.184 8.280 9.646 8.347 9.482 
8.470 8.322 10.924 11.094 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

2% 
SI 101s 

14 

SI CA n at FE 11 aJ GE SE SR zn HO Bii 
14 20 22 24 2% 2% 29 32 34 3% 40 42 45 4:" 

********.*.******C****.***.******************.*********~ ~*++******t**,*****,*, ~.*+*+**r*rrr*rr***rr 
6.780 4.847 7.420 7.830 8.140 8.460 8.420 9.170 9.470 9.929 10.120 10.30% 10.424 10.900 
4.S44 -8.095 8.862 9.319 9.%%6 10.003 10.272 10.914 11.290 11.7w 12.002 12.776 12.970 
8.177 9.412 10.369 10.883 11.242 11.424 11.994 12.731 13.196 13.73% 13.957 1 .271 14.983 16.111 
9.483 10.801 11.946 12.626 12.939 13.326 13.800 14.430 16.177 

1 s .263 

16.767 IS.SS2 16.371 17.261 17.334 
10.843 12.246 13.614 14.260 14.497 16.103 16.07 14.416 17.246 17.%%% 18.116 16.66% 19.616 IS.646 

9.937 9.533 12.302 12.564 12.31% 13.804 16.3136 16.06% 14.639 16.963 17.681 18.489 19.403 W 066 W 327 20 835 22 060 22 051 
i:: 11.283 10.817 13.873 14.161 13.84% 16.420 17.201 17.962 1%.4%7 18.907 IS.722 20.854 21.664 22'367 22'431 23'205 24'689 24'662 
6.0 12.707 12.172 15.461 16.796 16.463 17.112 19.122 19.932 20.480 20.934 21.871 23.109 23.997 241741 25102% 26:470 271209 27:149 
4.6 14.209 13.699 17.124 17.620 17.134 18.881 21.12% 21.997 22.67% 23.04% 24.109 25.467 26.435 27.220 27.620 28.229 29.920 2~9.844 
7.0 16.78% 16.097 la.%%2 19.321 18.890 20.727 23.21% 24.147 24.763 26.243 2%.437 27.89% 28.986 29.793 30.106 Jo.883 32.723 32.637 

E 
19.1% 18.30 22.66 23.16 22.63 24.66 27.66 28.71 29.39 29.89 31.36 33.06 34.31 35.22 36.66 30.4% 38.61 38.62 
22.8% 21.79 26.67 27.30 26.44 28.87 32.42 33.41 34.34 34.87 30.64 38.5% 40.03 41.03 41.39 42.46 44.87 44.79 

E.8 
24.86 26.64 30.86 31.76 30.99 33.40 37.63 3%..%4 3S.67 40.19 42.27 44.47 48.13 47.22 47.60 48.81 61.60 61.44 

12:o 
31.13 29.67 36.46 36.60 36.61 38.22 42.97 44.42 46.31 45.84 48.25 50.72 62.40 63.77 54.17 66.64 68.61 58.62 
36.71 33.86 40.34 41.66 40.62 43.34 48.73 60.32 61.29 61.83 64.67 67.33 59.44 80.70 61.12 62.66 45.8% 66.9% 

16.0 51.13 48.30 56.70 58.47 56.94 60.44 67.97 70.01 71.21 71.72 765.61 79.31 82.14 83.67 84.15 B5.18 90.20 SO.69 
82.3% n.43 89.63 92.40 89 91 94.62 106.34 109.20 110.80 111 21 117 35 122 86 127.07 129 0% 129 63 I32 69 137 87 139 04 

it8 120.2% 112.63 129.0% 133.25 129:64 136.63 162.2% 166.0% 168.11 16%:34 167'13 174'74 180 66 183'06 183'66 l%f'63 194'16 H%*42 
30.0 164.67 163.46 176.0% 180.75 176.40 183.20 106.62 210.34 212.83 212.79 224:43 234164 24212% 246:25 246:%% 2bO:SS 26%:73 242:34 
36.0 216.04 200.29 227.31 234.67 227.84 237.11 185.7% 271.72 274.69 274.31 289.67 302.26 311.92 315.37 314.01 322.26 331.29 336.63 

40.0 
46.0 

271.5 262.4 286.4 294.8 286.1 297.1 332.8 340.0 343.6 342.7 381.7 377.3 389.2 393.1 393.8 401.3 411.6 418.6 

60.0 
333.7 309.7 349.6 300.9 360.2 363.1 406.6 414.9 418.9 417.6 440.8 469.6 473.9 478.3 478.9 487.7 499.3 608.4 

66.0 
401.6 372.2 419.4 432.9 419.9 434.8 486.6 490.3 500.9 499.0 626.6 648.9 565.9 670.7 671.2 581.4 694.3 806.6 

80.0 
474.9 439.6 494.7 510.6 495.1 612.1 672.7 684.0 689.1 684.6 619.0 845.0 884.8 %70.1 070.6 082.1 (196.4 710.1 
563.6 511.9 676.3 593.7 676.9 694.9 885.0 877.8 883.6 00.2 717.8 747.8 770.6 776.2 776.6 789.8 806.3 821.6 

66.0 
70.0 

637.6 689.0 01.2 1382.3 681.6 883.0 763.2 777.6 783.8 779.8 822.8 856.9 882.8 889.0 889.1 903.8 920.9 939.8 
726.6 470.6 762.2 776.1 762.4 776.3 887.6 883.2 890.0 886.1 933.9 972.4 1001.6 1008.2 1008.2 1624.4 1043.0 1084.7 

80.0 919.4 847.6 949.0 979.1 949.0 977.9 1091.7 1111.3 1119.4 1112.6 1173.7 1221.6 1268.0 1246.3 1244.9 1 
90.0 1131.4 1041.7 1166.0 1201.7 1164.6.1199.0 1337.7 1341.1 1370.6 1361.6 1434.1 1494.3 1639.7 1646.6 1646.7 1 

100.0 1341.8 1262.6 1399.3 1443.2 1398.4 1438.7 1604.4 1631.9 1642.5 1431.0 1720.2 1789.6 1842.2 1850.9 1849.4 1876.2 1904.8 1946.4 

150.0 2769. 263%. 2824. 4y&. 2821. 2894. 3222. 3273. 3290. 3262. 3439. 3676. 387%. 3689. 3884. 3731. 3781. 386%. 
200.0 4666. 4141. 461%. 4411. 472%. 
260.0 6661. 6080. 6714. 6926: 6732. 8864. 

626%. g3;. 5359. 630%. 5595. 
7636. 7771. 7691. 8109. 

910%. 926%. 10306. 10637: 10476. 10361. 

6766. 6945. 5994. 5984. 6030:. 6094. 6249. 
831%. 8683. 868%. 8665. 

240.0 9031. 8197. 9069. 9365. 
350.0 11431. 10540. 1164%. 12016. 11705. 11895. 13?26. 1366%. 13433. 13281. 

10924. 1117%. 11639. 11702. 11446. 1X830: l%t: 1%: 
14002. 14306. 14770. 14994. 14942. 16161. 16076. 16642. 

400.0 14433. 13064. 14423. 14880. 14602. 14722. 16344. 16824. 16611. 16419. 1730%. 17664. 18243. 18629. 18441. 18737. 18601. 19187. 
450.0 17413. 1674%. 17370. 17923. 17472. 17723. 19697. 20277. 19984. 19746. x)%16. 21232. 21927. 22279. 22193. 22627. 22342. 23061. 
600.0 W661. 18673. 20470. 21124. W696. 20879. 23201. 23904. 2362%. 23244. 24499. 24981. 2679%. 26217. 26111. 2%60%. 26270. 2710%. 

~**..~*.****1*.*.***.***..~~..****.*.**~~..**..********.*****.~**~.~.**~*..***..**********.~*..~**~.*.....~*.*..*~..~**..***...*.... 
E/A sn TE BP LA Pn SH CD BO ln LU TA RE IB AU FB BI ln 

60 62 66 67 69 62 84 67 69 71 73 75 77 79 82 83 so 92" . . . ..~..**.**1.**********.****.....***~...**.*...******.*..**.***~..**.*.~*..**.**.**..*..****~..*~******..**.***.*******.*~*...~*.. 

::i 
11.44 11.67 12.82 13.06 13.65 14.26 14.67 16.21 16.63 16.86 16.16 16.53 16.8% 17.20 17.61 17.76 19.04 19.45 

3.6 
13.64 14.17 15.10 16.33 15.83 14.46 17.15 17.63 18.20 16.6% 18.96 19.36 19.80 20.16 20.60 20.73 22.14 22.6% 

4.0 
16.'91 16.64 17.46 17.67 18.19 19.14 19.70 20.50 20.93 21.37 21.80 22.23 22.76 23.17 23.63 23.76 26.29 26.77 

4.6 
18.27 19.00 19.91 20.10 20.42 21.70 22.33 23.24 23.73 24.24 24.72 26.19 26.83 26.26 24.76 24.67 28.53 29.04 
20.72 21.66 22.46 22.62 23.14 24.36 25.06 26.11 26.63 27.20 27.72 28.23 28.96 29.42 29.96 30.07 31.86 32.41 

6.0 
6.6 

23.26 24.21 26.09 26.24 26.76 27.10 27.87 29.08 29.62 30.25 30.82 31.37 32.19 32.69 33.24 33.36 36.29 36.8% 

t:: 

26.90 26.96 27.83 27.96 28.4% 29.95 30.80 32.11 32.71 33.41 34.02 34.61 36.63 38.0% 36.66 3%.76 38.83 39.46 
28.64 29.82 x).%7 30.77 31.30 32.90 33.82 36.26 36.90 3%.67 37.33 37.9% 38.97 39.64 40.1% 40.26 42.49 43.16 
31.4% 32.7% 33.62 33.70 34.22 36.9% 36.96 38.62 39.20 40.03 40.76 41.42 42.61 

7.0 
43.13 43.80 43.8% 46.26 46.96 

34.43 36.85 30.67 30.73 37.26 39.12 40.20 4I.88 42.41 43.61 44.27 44.9% 46.17 46.82 47.64 47.61 60.14 50.89 

8.0 
9.0 

40.62 42.30 43.09 43.10 43.61 46.76 47.00 48.94 49.75 60.7% 51.66 62.44 53.82 64.65 66.36 66.40 58.2% 69.11 

10.0 
47.23 49.1% 49.93 49.89 50.37 62.82 54.23 64.43 67.33 68.49 69.47 %O.36 61.91 42.73 63.63 43.66 W.88 47.81 

11.0 
64.24 W.48 67.20 57.09 67.66 (10.31 61.89 64.36 66.34 W.65 67.74 BB.69 70.46 71.36 72.37 72.3% 75.97 76.99 

12.0 
61.66 BQ.19 04.8% 64.72 66.16 68.21 69.9% 72.72 73.7% 76.24 76.46 77.49 79.46 80.44 81.66 81.53 85.63 86.65 
49.4% 72.33 72.9% 72.76 73.14 76.64 78.49 81.62 82.66 84.24 86.59 88.72 88.89 89.97 91.20 91.16 96.67 BB.79 

16.0 96.32 99.20 99.73 99.30 99.64 103.99 106.66 110.46 111.86 113.93 116.64 117.06 lI9.87 121.22 122.86 
W.0 144.12 152.00 152.30 161.45 161.34 167.7% 141.49 166.97 168.81 171.77 174.21 176.14 180.13 181.9% 184.40 
26.0 2Oft.22 214.44 214.46 213.13 212.63 221.26 226.27 233.49 236.80 239.73 243.00 245.49 250.79 263.12 266.66 

192.63 194.74 
2tl7.69 270.63 

30.0 276.24 286.12 285.82 283.94 282.72 294.00 300.4% 309.69 312.39 317.40 321.59 324.70 331.44 334.2% 338.86 338.17 353.20 354.9% 
36.0 352.84 3%4.69 SO.04 J63.63 3%1.57 376.47 383.76 394.90 398.22 404.40 109.60 413.39 421.6% 426.03 430.96 430.02 448.96 453.83 

40.0 
46.0 

438.7 466.8 464.8 461.6 448.6 466.0 476.8 489.1 493.0 500.4 604.7 611.2 621.2 526.0 632.6 $31.3 664.6 60.2 

2.: 

532.6 663.3 551.8 647.8 644.0 664.4 574.3 691.9 696.3 806.1 612.6 617.9 629.8 834.0 843.1 041.6 669.6 676.2 
834.2 668.8 666.8 662.0 bQ7.1 671.2 884.9 703.0 708.0 718.2 727.0 733.1 746.7 751.6 762.6 760.7 793.6 ml.4 

w:o 
743.4 TT2.1 769.6 763.9 767.8 786.7 801.5 822.2 827.8 839.6 849.6 866.6 872.2 877.6 890.4 %%a.3 924.6 935.4 
859.9 892.9 889.9 883.3 875.8 907.8 926.9 949.2 966.4 MB.6 980.2 988.1 1006.8 1011.8 1026.6 1024.1 1068.1 1078.4 

66.0 983.6 1021.2 1017.0 1009.9 1001.1 1037.2 1067.7 1083.8 1090.7 1106.6 1118.6 1127.6 1147.4 1163.8 1170.9 
70.0 1114.0 1164.6 1162.6 1143.7 1133.3 1173.9 1194.9 1225.8 1233.4 1260.0 1264.6 1274.5 1296.4 1303.0 1323.1 

1218.0 1229.7 

80.0 1396.2 1448.4 1442.9 1431.8 1418.0 1466.2 1496.4 1631.6 1640.4 1640.6 1678.7 1690.6 1617.6 1625.0 1650.2 
1376.1 lJtjg.2 

90.0 1702.3 17%%.9 1760.0 1746.4 1728.7 1789.3 1823.2 1864.7 1876.1 1899.1 1920.9 1936.0 1967.2 1974.3 200%.4 
17715.9 1732.0 

100.0 2034.1 2111.1 2102.7 2OB6.3 1064.4 2136.1 2174.1 2224.4 2236.3 2264.4 2290.1 2306.6 2344.2 2364.5 2390.8 

160.0 4032. 4184. QI%%. 4133. 4084. 4222. 4297. 4384. 4406. 4464. 4606. 
200.0 

4636. 4606. 
6773. 674%. 6692. 

4893. 4680. 4876. 491%. 

260.0 E: 
%%07. %%26. %944. 7076. 710%. 7184. 7262. 7309. 7415. %: 

9783. 9773. 9%94. 9646. S877. 10035. 10220. 10261. 10346. 10484. 10643. 10687. 10731. l;i:!- lF%' lz::' 1::;:. 
300.0 12687. 1314%. 13175. 13081. 12902. 13297. 1348%. 13736. 137%3. 13916. 1408%. 14153. 14337. 14407. 14433: 1 66%: 14892: 15257: 
350.0 14234. 16820. 16887. 14780. 14546. 17026. 17266. 17566. 17591. I7787. 18016. 18067. 18313. 18412. 18702. 1443. 18976. 19472. d 

400.0 10041, 20760. W%(u). 2074%. 20466. 21024. 21294. 21474. 2169%. 21936. 22226. 22304. 22574. 22703. ~060. 2 988, 23354. 23964. 
460.0 24073. 24934. 26086. 24963. 24696. 26260. 25673. 2%024. 2SO42. 26330. 26681. 2%769. 27086. 27245. 27673. 2,586. 2798%. 28733. 3 
600.0 2%30%. 29319, 29616. 293%4. 28941. 29706. 30047. 30689. 30601. 30940. 31340. 31453. 31814. 32007. 32515. 32412. 32649. 33771. 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROSIC sTOPPI PGUSR II USITS OF tW/(?IG/SQ a0 
31 

P IOIS 
16 

g/l, 4= EC 12m 131L lQS1 2ocI 2zn 2*cR 2am 28'I 2sa 32GE 34% 3aSR 4om 42m 4sRB dG 
.+.I...+*.+..*+.**....*****.****...~.*.**..*****..*.*.****.*****..**...***...*.~.****.**.**.**...**~******..*.*******....***.**...*. 

El 
17.22 17.44 13.SG 13.41 13.67 12.69 11.04 1o.m '"9.;; '"9.;: 9.61 9.00 8.38 8.31 8.03 7.22 7.64 

3:6 
16.88 14.37 13.20 12.70 12.94 12.09 10.66 10.16 
14.72 16.24 12.48 12.01 12.27 11.60 '"9.;: 

xi 
9:49 9:34 f2 

8.49 x*z 6.13 8.04 7.80 7.10 

8144 
8.34 a:00 

Et 
7.78 7.64 8.92 :3 

t:: 
13.72 14.26 11.61 11.37 11.43 10.93 

9114 8184 * X% ::: 
8.02 7.89 

7124 
7.49 7.24 4.71 a:84 

12.86 13.39 11.20 IO.79 11.04 10.41 8.09 7.49 7.39 7.20 4.99 4.60 8.41 

E 
12.09 12.43 10.46 10.24 10.61 9.93 8.73 8.44 a.31 7.38 7.10 4.96 6.92 4.73 4.29 
ii.41 11.96 10.14 

"B-x: 10-02 
9.49 8.36 

S-E 
7.94 7;: 

;:;g 
E 
7:14 

7.09 4.62 4.70 6.44 4.48 4.08 t:: 

x*: 
10.82 11.36 

x-:; a:94 
9.68 

X% 
8.00 

;:4& Et 4.62 
t% 

4.46 4.42 4.26 6.69 6:93 

710 
10.28 10.61 

a:aa 
9.17 

a:37 
7.48 

9.80 10.32 8.67 8.80 7.39 . 7107 7:03 
4.89 4.67 
4.44 4.33 4:10 

4.22 4.19 4.03 6.70 6.72 
4.01 6.96 6.82 6.62 6.63 

::: 
6.972 9.473 8.209 7.924 6.137 7.767 4.840 4.477 4.679 4.666 4.189 6.909 6.702 6.414 6.690 6.461 6.193 6.187 
8.240 6.744 7.433 7.373 7.673 7.234 4.404 4.241 4.164 4.138 6.798 6.639 6.349 6.271 6.261 6.124 4.902 4.881 

:vi 
7.496 6.141 7.137 4.694 7.067 4.780 4.010 6.890 6.763 6.774 6.466 6.216 6.039 4.949 4.962 4.634 4.441 4.411 

12:o 
7.192 7.443 4.706 4.480 4.Ki3 4.363 6.GG4 6.624 6.467 6.462 6.163 4.928 4.746 4.701 4.687 4.680 4.408 4.370 
4.764 7.191 4.324 4.116 6.249 4.033 6.367 6.231 6.147 6.167 4.884 4.473 4.621 4.443 4.460 4.361 4.196 4.166 

Z-8 
6.734 4.129 6.422 6.244 6.399 6.193 4.421 4.618 4.449 4.474 4.233 4.064 3.924 3.662 3.873 3.793 3.479 3.627 

26:0 
4.419 4.969 4.409 4.247 4.394 4.243 3.783 3.708 3.470 3.482 3.486 3.341 3.240 3.208 3.204 3.143 3.067 3.012 
3.491 4.191 3.737 3.619 3.731 3.408 3.222 3.190 3.132 3.140 2.979 2.869 2.774 2.760 2.746 2.499 2.444 2.691 

%:I 
3.379 3.448 3.269 3.167 3.264 3.164 2.620 2.787 2.746 2.769 2.414 2.609 2.436 2.418 2.417 2.376 2.333 2.263 
2.997 3.243 2.900 2.810 2.699 2.812 2.614 2.471 2.462 2.467 2.337 2.246 2.180 2.146 2.144 2.131 2.096 2.049 

;:i 
2.701 2.927 2.421 2.639 2.421 2.644 2.276 2.239 2.223 2.237 2.120 2.037 1.978 1.967 1.987 1.937 1.907 1.946 
2.466 2.476 2.397 2.323 2.397 2.329 2.087 2.062 2.036 2.062 1.944 1.849 I.816 1.806 1.807 1.780 1.766 1.716 

66:o 
2.272 2.448 2.213 2.146 2.214 2.163 1.930 I.698 1.886 1.899 1.600 1.730 1.461 1.673 1.476 1.460 1.426 1.691 
2.111 2.296 2.069 1.994 2.080 2.006 1.798 1.798 1.767 1.770 1.479 1.414 1.668 1.642 1.643 1.641 1.621 1.487 

40.0 1.974 2.148 1.928 1.849 1.930 1.879 1.664 1.468 1.648 1.441 1.676 1.616 1.472 1.444 1.448 1.448 1.430 1.397 

??x 
1.864 2.021 1.616 1.740 1.817 1.770 1.689 1.643 1.664 1.647 1.484 1.429 1.369 1.384 1.384 1.347 1.360 1.320 
1.764 1.911 1.718 1.444 1.720 1.474 1.604 1.481 1.473 1.486 1.408 1.364 1.316 1.312 1.314 1.297 1.281 1.263 

it: 
1.686 1,729 1.666 1.609 1.668 1.619 1.344 1.343 1.336 1.348 1.279 1.230 1.194 1.193 1.194 1.180 1.146 1.140 

1oo:o 
1.461 1.684 1.424 1.364 1.428 1.394 1.263 1.234 1.228 1.239 1.176 1.131 1.099 1.097 1.099 1.064 1.073 1.060 
1.342 1.444 1.321 1.282 1.323 1.292 1.14l 1.144 1.139 1.149 1.090 1.060 1.020 1.016 1.020 1.008 0.997 0.974 

160.0 I.001 1.094 0.991 0.942 0.993 0.971 0.874 0.842 0.869 0.646 0.824 0.794 0.771 0.771 0.772 0.746 0.764 0.742 

E:: 
0.420 0.909 0.822 0.797 0.817 0.806 0.724 0.711 0.714 0.723 0.486 0.476 0.463 0.439 0.442 0.434 0.440 0.618 
0.714 0.794 0.720 0.498 0.714 0.706 0.436 0.417 0.424 0.434 0.601 0.692 0.673 0.642 0.644 0.666 0.643 0.644 

E:8 
O.G46 0.714 0.460 0.430 0.946 0.438 0.674 0.663 0.647 0.674 0.644 0.634 0.618 0.609 0.611 0.603 0.610 0.493 
0.694 0.469 0.699 0.681 0.696 0.688 0.630 0.610 0.623 0.630 0.603 0.496 0.479 0.470 0.472 0.466 0.471 0.464 

400.0 0.6662 0.4144 0.6410 0.6436 0.6647 0.6608 0.4360 0.4786 0.4900 0.4966 0.4712 0.4434 0.4484 0.4407 0.4428 0.4368 0.4417 0.4276 
460.0 0.6249 0.6828 0.6310 0.6143 0.6270 0.6216 0.4497 0.4636 0.4042 0.4706 0.4446 0.4390 0.4260 0.4177 0.4198 0.4132 0.4187 0.4064 
600.0 0.6006 0.6640 0.6049 0.4909 0.6032 0.4980 0.4484 0.4336 0.4436 0.4498 0.4268 0.4193 0.4061 0.3993 0.4013 0.3961 0.4003, 0.3874 

..*..+.*,....+.*********..******.****..***....*.****~*.*.***..*.**~****.~..****.**~*.*.*.*.*.*~.*..**...*~***.*.**.*.*.*....~~~.**.* 

wA sI TE KA 67" 6gm ,Izsn mGD 67" 4gRl 71L" 73" 76RE 771R 79'" alP6 63** 90m 92" 60 62 64 
. ..*.~.*.....**..*.................*....*....**...*****~.*****..~.*~****....****..***.***...*...*..*.*...****...***~**....**~..*...* 

3:: 
7.078 6.744 4.807 4.843 4.814 4.441 4.262 6.914 6.797 6.463 6.661 6.4'36 6.274 6.212 6.162 6.178 4.977 4.923 
4.912 4.413 4.461 4.706 4.669 4.321 6.142 6.834 6.727 6.691 6.496 6.416 6.237 6.176 6.124 6.139 4.936 4.883 

3.: 
4.702 4.414 4.462 4.603 4.476 4.162 6.984 6.700 6.802 6.476 6.384 6.310 6.144 6.083 6.033 6.047 4.646 4.793 

4:s 
4.474 4.203 4.234 4.264 4.249 6.984 6.804 6.642 6.463 6.334 6.246 6.179 6.024 4.946 4.916 4.929 4.730 4.476 
4.249 6.989 4.020 4.048 4.067 6.770 6.419 6.376 6.294 6.183 6.101 6.034 4.891 4.634 4.766 4.798 4.403 4.663 

l% 
4.028 6.779 6.809 6.666 6.860 6.679 6.436 6.209 6.134 6.029 4.961 4.890 4.764 4.700 4.461 4.443 4.473 4.426 
6.817 ,6.679 6.607 6.461 6.460 6.394 6.266 6.046 4.977 4.677 4.803 4.744 4.416 4.668 4.617 4.629 4.344 4.297 

:-: 
6.4i7 6.386 6.416 6.468 6.441 6.217 6.088 4.888 4.624 4.730 4.460 4.406 4.466 4.436 4.387 4.399 4.218 4.172 

710 
6.428 6.209 6.234 6.276 6.281 6.049 4.924 4.736 4.478 4.689 4.622 4.470 4.364 4.308 4.241 4.272 4.094 4.062 
6.260 6.039 6.063 6.103 6.111 4.891 4.773 4.696 4.639 4.464 4,390 4.341 4.232 4.187 4.140 4.161 3.980 3.937 

i*: 
4.924 4.730 4.762 4.789 4.802 4.699 4.491 4.331 4.282 4.204 4.146 4.101 4.002 3.960 3.916 3.926 3.743 3.723 

1o:o 
4.639 4.467 4.477 4.612 4.627 4.340 4.240 4.096 4.061 3.979 3.926 3.864 3.794 3.766 3.711 3.721 3.667 3.629 
4.396 4.214 4.233 4.246 4.283 4.109 4.014 3.683 3.643 3.777 3.724 3.489 3.806 3.670 3.628 3.637 3.390 3.366 

:::: 
4.169 3.997 4.016 4.044 4.OG4 3.903 3.816 3.493 3.467 3.696 3.647 3.613 3.436 3.403 3.341 3.370 3.230 3.197 
3.964 3.803 3.820 3.849 3.848 3.717 3.436 3.621 3.480 3.431 3.364 3.363 3.281 3.261 3.211 3.219 3.086 3.064 

16.0 3.467 3.326 3.340 3.344 3.387 3.266 3.189 3.096 3.009 3.021 2.983 2.964 2.894 2.871 2.836 2.842 2.724 2.497 

%:8 
2.474 2.744 2.778 2.800 2.821 2.718 2.6'32 2.690 2.671 2.633 2.602 2.481 2.434 2.414 2.383 2.390 2.291 2.248 
2.474 2.362 2.392 2.411 2.431 2.346 2.298 2.240 2.226 2.193 2.147 2.160 2.111 2.097 2.088 2.073 1.988 1.949 

28 
2.162 2.101 2.110 2.127 2.144 2.072 2.031 1.962 1.969 I.943 1.920 1.906 1.872 1.841 1.834 1.839 1.764 1.747 
1.969 1.887 1.896 1.910 1.929 1.842 1.827 1.784 1.773 1.760 1.730 1.717 1.668 1.476 1.464 1.468 1.691 1.674 

iti:: 
1.763 1.718 1.726 1.739 1.764 1.497 I.606 1.627 1.418 1.697 1.679 1.647 1.641 1.634 1.611 1.616 1.463 1.440 
1.440 1.680 1.687 1.400 1.417 1.662 1.633 1.499 1.491 1.472 1.464 1.446 1.422 1.416 1.394 1.398 1.341 1.329 

E 
1.622 1.444 1.473 1.486 1.601 1.461 1.424 1.393 1.364 1.349 1.363 1.344 1.322 I.317 1.297 1.300 1.240 1.234 

so:0 
1.422 I.370 1.377 1.380 1.403 1.364 1.332 1.304 1.297 1.281 1.247 1.268 1.238 1.233 1.216 1.216 1.149 1.166 
1.337 1.249 1.294 1.306 1.319 1.276 1.263 1.227 1.221 1.208 1.193 1.186 1.146 1.142 1.144 1.147 1.101 1.091 

-%:: 
1.243 1.216 1.223 1.233 1.247 1.206 1.166 1.160 1.166 1.141 1.129 1.121 I.104 l.lDo 1.063 1.084 1.042 1.033 
1.199 1.166 1.141 1.170 1.184 1.146 1.126 1.102 1.097 1.064 1.072 1.046 1.049 1.046 1.029 1.032 0.991 0.982 

Et: 
1.091 1.062 1.067 1.046 I.078 1.043 1.026 1.006 I.000 0.949 0.978 0.972 0,967 0.964 O.S40 0.942 0.906 0.897 

100:0 
1.006 0.869 0.973 0.941 0.994 0.9G2 0.946 0.927 0.923 0.913 0.903 0.897 0.884 0.881 0.847 0.870 0.836 0.826 
O.S36 0.901 0.906 0.912 0.924 0.494 0.979 0.843 0.869 0.860 0.441 0.836 0.823 0.821 0.608 0.810 0.778 0.771 

160.0 0.7109 0.9861 0.4461 0.4937 0.7034 0.8813 0.4701 0.4684 0.0642 0.6494 0.4424 0.6387 0.4300 0.4284 0.4164 0.4206 0.6966 0.6909 
200.0 0.6916 0.6712 0.6712 0.6769 0.6M4 0.68S2 0.6672 0.6483 0.6446 0.6411 0.6366 0.6324 0.6266 0.6239 0.6160 0.6174 0.6106 0.4943 
260.0 0.6204 0.6028 0.4973 0.6014 0.6OSO 0.4946 0.4497 0.4812 0.4816 0.4741 0.4490 0.4843 0.4431 0.4697 0.4624 0.4640 0.4608 0.4346 
300.0 0.4719 0.4666 0.4600 0.4626 0.4692 0.4487 0.4443 0.4347 0.4370 0.4322 0.4269 0.4262 0.4204 0.4174 0.4110 0.4124 0.4096 0.3947 
360.0 0.4346 0.4214 0.4172 0.4194 0.4249 0.4163 0.4112 0.4042 0.4G44 0.4002 0.3914 0.3937 0.36S4 0.3649 0.3808 0.3821 0.3793 0.3677 

100.0 0.4096 0.3964 0.3916 0.3929 0.3988 0.3698 0.3840 0.3798 0.3799 0.3768 0.3106 0.3698 0.3G90 0.3036 0.3678 0.3690 0.3642 0.3466 
460.0 0.3994 0.3762 0.3716 0.3727 0.3764 0.3499 0.3SS2 0.3602 O.JSOS 0.3607 0.361, 0.3610 0.34?6 0.3461 0.3398 0.3409 0.3382 0.3262 
600.0 0.3714 0.3648 0.3663 0.3646 0.3419 0.3630 0.3603 0.3444 0.3460 0.3413 0.3366 0.3369 0.3328 0.3304 0.3263 0.3243 0.3234 0.3142 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

31 
BAIGE II UlIIS OF HG/Sq QI P 101s 

IS 

E/A BE 
SC 12 

1xi AL SI CA TI CB n II aJ GE SE SR 28 HO BB AC 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 47 

*.~**~.*******+*****~..******.*.*****..****..****.*.*****.****.******..*****.*..****.****.***..********~*.******.**.**.*.****...**** 
2.6 4.610 4.310 9.076 6.060 6.930 7.027 7.620 6.061 6.370 6.680 6.860 9.410 9.720 10.196 10.390 10.660 10.907 11.190 

2 6.446 6.463 6.204 6.222 7.216 6.424 7.236 6.493 7.096 6.324 6.276 9.692 10.663 9.066 11.1'36 9.644 11.497 9.900 11.661 10.239 10.616 12.242 11.161 12.979 11.664 X3.466 12.071 14.013 12.262 14.239 12.637 14.666 13.069 16.260 13.272 16.417 

2: 7.664 8.722 7.266 8.379 11.049 9.701 11.213 9.820 10.930 9.622 10.976 12.428 12.140 13.737 12.742 14.466 13.167 14.314 13.664 16.321 14.040 16.316 16.646 14.673 16.431 17.467 16.030 18.128 16.270 16.362 16.664 18.830 17.664 13.900 17.637 19.939 

6:0 kg 

3 967 

11'287 12:&X3 

9 671 

10'833 12:166 

12 466 

13'PSO 16:624 

12 632 

14'240 16:862 

12.429 13.963 16.632 16.248 16.740 17.166 17.673 16.904 19.629 20.311 20.676 21.091 22.326 22.327 

13 16:623 940 
16 
17:220 660 17 191244 346 

16.121 16.047 13.083 19.312 21 046 21 667 
20.076 20.636 21.032 22.036 23:276 24:l73 

22.660 22.660 23 433 24.632 24.806 
24.936 26.231 26:876 27.423 27.374 

6.6 14.163 13.666 17.161 17.666 17.177 16.963 21.220 22.111 22.704 23.176 24.244 26.691 28.676 27.364 27.630 28.403 30.100 30.036 
7.0 16.637 16.033 18.863 19.323 16.904 20.779 23.278 24.228 24.666 26.338 26.636 27.996 29.073 29.921 30.239 31.013 32.664 32.790 

E 22.61 19.01 18.17 21.66 22.60 26.42 23.03 27.16 22.67 29.62 24.63 26.77 32.32 27.64 33.61 26.71 34.26 23.40 34.80 29.91 31.38 36.66 33.07 38.49 34.33 33.96 36.26 40.98 36.60 41.33 35.63 42.33 44.80 38.66 38.68 44.74 

2.: 
12:o 

26.49 30.66 26.24 29.17 30.62 36.11 31.60 38.14 30.76 36.27 33.20 37.32 37.31 42.63 44.09 38.64 33.48 46.00 40.01 46.63 42.07 47.92 44.26 60.37 46.32 62.26 47.02 63.44 47.41 63.86 48.82 66.21 61.31 68.16 61.26 68.19 
36.11 33.36 39.67 41.07 40.06 42.31 48.26 49.86 60.64 61.36 64.10 69.84 68.93 90.21 SO.64 62.16 66.37 66.47 

16.0 60.11 47.42 66.80 67.64 66.07 63.68 67.01 69.06 70.26 70.77 74.61 78.26 61.07 82.62 83.10 66.11 83.09 89.48 

:::: 117'16 80 43 
160:02 

109.66 76 71 
30.0 149:61 

126'03 87 70 
170:67 

130'11 83 61 
176:lO 

126 88.06 60 
171:10 

132 32.79 66 
178163 

104.23 148 86 
x)0:41 

162 107.14 60 
206:16 

106.74 164 62 
207:62 

109.16 164 67 
207:61 

116.19 163 47 
219:16 

120.60 170 33 
226:96 

124.76 176 66 
236:43 

126.77 179.13 127.69 179.74 130.24 163 64 136.46 130 07 136.61 132.29 
239.38 240.02 244:SP 262:62 266.17 

36.0 206.64 194.77 221.08 226.26 221.66 230.78 268.71 264.64 267.48 267.14 282.00 234.38 303.82 307.24 307.89 314.00 322.84 327.36 

40.0 263.4 246.2 277.4 286.4 278.0 286.6 323.6 330.6 334.0 333.2 361.7 367.0 378.6 382.6 383.1 390.4 400.6 407.4 
46.0 323.6 300.6 339.3 360.3 339.9 362.6 394.7 403.0 406.9 406.7 428.2 446.6 460.6 464.8 466.4 474.0 486.3 494.1 
60.0 393.1 361.0 406.7 413.6 407.2 421.8 472.0 481.6 486.0 484.3 611.1 632.6 649.3 664.0 664.6 564.6 677.1 688.1 
66.0 469.9 426.2 473.4 494.6 479.9 496.6 666.3 666.3 671.3 668.9 600.4 626.6 644.8 660.0 660.4 661.7 676.7 688.9 
80.0 636.3 4S6.1 667.2 676.1 667.7 676.4 644.4 666.8 682.4 669.3 696.7 724.8 746.9 762.6 762.8 766.6 760.8 796.6 

66.0 617.0 670.6 640.1 860.6 840.6 661.6 739.2 763.2 763.3 766.4 737.1 830.2 866.3 861.3 861.6 876.8 692.4 910.7 
70.0 702.9 649.4 728.0 761.1 728.2 761.6 839.6 866.1 881.8 867.1 904.3 941.6 970.0 976.4 976.4 992.2 1010.3 1031.3 

1OO:O iti 
889 1 

1093'7 1316:l 
620 2 

1007'7 1211:4 
917 9 

1126'3 1362:4 
947 0 

1161'8 139418 
917.9 946.1 1066.2 1076.9 1083.1 1076.6 1136.7 1162.2 1217.4 1224.6 1224.3 1243.2 1264.4 1291.1 

1126.0 1361.7 1169 13SO:7 4 6 1293 1660:s 3 1316 1677:6 4 1326 1667:9 1316 8 1676:s 1389 0 1663:l 173O:l 3 1446 1488 1 178111 1496 0 1789:6 1496.2 7 1786.2 1617.6 1814.1 1641.9 1841.9 168l:l 1674 

160.0 Z? 2462. 2727. 2611. 2724. 2794. 3321. 3462. 3662. 3663. 3668. 3603. 3862. 3726. 
200.0 

9428: 
4018. 4467. 4696. 4466. 4661. 

a;. 

7363: 

pm&. 

7602: 

i::3. 

749P: 

2%~ 

7421: 
6401. 6666. mi. 6786. 6777. 6846. 6882. 6032. 

260.0 6660. 6473. 6882. 6496. 7826. 8027. 
300.0 8714. 7911. 8760. 9026. 6786. 6833;. 9943. 10167. 10107. 9996. 10640. 10786. 11134: 1%:: l?%' 1%;' 1%:: 1%: 
360.0 11222. 10171. 11237. 11633. 11293. 11476: 12769. 13091. 12963. 12813. 13609. 13801. 14260. 14467. 14416: 14627: 14646. 14996. 

400.0 13924. 12606. 13313. 14366. 13990. 14202. 16766. 16230. 16026. 16838. 16637. 17043. 17699. 17877. 17810. 18076. 17946. 18610. 
460.0 16798. 16194. 16766. 17269. 16864. 17097. 19000. 13660. 19278. 19048. 20079. 20482. 21162. 21494. 21408. 21731. 21663. 22237. 
600.0 19824. 17919. 19746. 20376. 19866. 20140. 22380. 23068. 22637. 22421. 23633. 24031. 24886. 26290. 26187. 26670. 26341. 26160. 

**.**.*,*..**...**~+.**~.*.*****~**~.**.**.***~*~*~**.*..*~**.*..*..*.**.***..*...**.*~**.**.**..~~****.*.**~.**.*~.*.***.*.*...~~.. 
E/A SE TE BA LA PB SIl CD if0 RI LU TA RE IB AU PB BI Ts u 

60 62 66 67 69 62 84 67 69 71 73 76 77 73 62 83 90 92 
*...~...**..**.*...**..***.*.**..***.**..**.*.**~...**.*..*......**...******..~**.....**********.~*****~**.******~~.*....**.~.**.~.. 

2.6 11.76 12.19 13.17 13.42 13.92 14.63 16.06 16.62 16.36 16.28 16.62 16.98 17.34 17.67 18.09 18.24 19.66 19.97 
3.0 13-36 14.61 16.47 16.70 16.21 17.06 17.66 18.26 18.64 19.03 19.42 13.83 20.29 20.66 21.10 21.24 22.68 23.13 

3.: 
4:6 

16.24 18.69 16.89 19.34 20.28 17.63 16.06 20.47 21.00 18.67 19.64 22.10 20.11 22.74 20.94 23.70 21.37 24.18 21.83 24.70 22.27 26.19 22.72 26.67 23.27 26.32 23.67 26.76 24.16 27.27 24.28 27.39 26.64 29.08 26.33 29.60 
21.03 21.63 22.61 22.38 23.62 24.74 26.46 26.64 27.06 27.66 28.18 28.71 29.46 23.92 30.46 30.66 32.40 32.96 

2: 23.66 26.17 24.62 27.26 26.43 26.14 26.26 26.68 26.12 26.82 30.30 27.47 31.16 28.26 32.49 29.47 30.04 33.10 30.69 33.61 31.27 34.44 31.83 36.06 32.66 36.37 33.17 36.62 37.13 33.76 33.86 37.23 36.62 39.33 36.41 39.97 

8:: 26.89 31.63 30.08 33.00 30.36 33.87 31.07 33.96 31.61 34.60 33.22 36.24 37.26 34.16 36.61 38.63 36.27 33.63 37.04 40.37 37.72 41.10 41.76 38.36 33.36 42.88 39.96 43.61 40.61 44.20 40.70 44.28 42.96 46.69 43.63 47.40 
7.0 34.60 36.03 36.88 36.34 37.46 39.36 40.46 42.16 42.89 43.60 44.68 46.30 48.43 47.16 47.89 47.96 60.62 61.28 

1o:o Es 

40.70 42.38 43.20 43.22 43.74 46.W 47.16 43.11 49.33 60.99 61.86 62.66 64.03 64.77 66.69 66.64 68.64 69.38 

47.18 64.06 49.14 66.29 49.33 67.06 43.89 60.36 60.39 67.44 80.19 62.64 61.77 64.26 e-4.26 68.47 66.23 67.37 96.64 66.66 67.64 69.64 SO.42 68.61 61.99 70.37 62.82 71.28 63.73 72.30 93.76 72.30 67.00 76.92 67.93 76.96 
11.0 61.32 63.86 64.67 64.42 64.87 97.33 69.70 72.44 73.60 74.99 76.17 71.22 79.16 80.18 61.30 61.26 86.29 86.41 
12.0 66.37 71.60 72.49 72.26 72.69 76.07 78.02 81.04 82.19 83.73 66.12 86.26 88.42 69.60 90.74 90.70 96.11 99.34 

16.0 94.18 98.02 98.69 98.16 S3.46 102.66 106.41 109.27 110.67 112.74 114.46 116.88 118.66 120.01 121.63 121.61 127.26 128.82 
20.0 143.63 143.38 149.73 148.92 146.84 166.13 168.86 164.26 166.10 169.02 171.44 173.36 177.29 179.11 181.63 161.26 189.68 191.76 
26.0 201.91 203.96 210.06 208.77 2Q6.22 216.73 221.72 226.82 231.11 234.98 236.20 240.67 246.86 248.16 261.66 261.10 262.43 266.33 
30.0 268.77 279.41 279.13 277.37 276.23 287.27 2S3.62 302.66 306.33 310.24 314.36 317.43 324.03 326.82 331.33 330.86 346.40 349.10 
36.0 343.87 367.33 366.63 364.41 362.64 366.33 374.23 366.14 368.41 334.46 399.66 403.28 411.36 414.67 420.47 413.67 438.09 442.68 

it: 426.3 617.7 443.6 637.8 442.7 636.6 433.6 632.6 436.9 623.0 463.6 648.3 463.2 660.4 476.3 676.6 480.0 679.9 487.3 668.6 493.6 696.8 601.0 497.9 912.4 607.6 616.7 611.4 626.6 618.6 624.1 617.6 661.3 640.2 667.9 646.7 

6o:o .iE 
616.3 633.7 637.9 633.3 628.6 662.0 866.4 883.0 887.9 637.8 706.3 712.3 726.6 730.4 740.9 733.2 771.2 778.9 
721.3 833.8 743.1 866.6 746.3 883.0 741.3 866.6 736.6 843.6 762.6 860.6 778.0 898.1 796.1 320.7 803.6 326.8 814.9 339.7 624.6 360.9 831.6 368.6 976.6 846.6 662.1 381.6 864.6 996.1 M2.6 893.7 1036.4 633.7 1046.6 906.6 

66.0 963.1 889.7 986.3 6'76.9 370.4 1006.6 1026.3 1060.7 1067.4 1071.9 1084.6 1033.2 1112.6 1118.8 1136.4 1132.6 1181.1 1132.6 
70.0 1079.1 1120.4 ll16.6 1108.0 1098.0 1137.4 1163.7 1187.8 1136.2 1211.3 1226.6 1236.1 1266.6 1263.4 1282.3 1273.1 1333.7 1346.6 
60.0 1360.6 1402.0 1336.8 1386.1 1372.8 1421.4 1448.8 1482.6 1491.6 1611.0 1628.6 1640.1 1606.3 1674.2 1697.9'1693.9 1661.6 1677.3 
90.0 1646.8 l709.4 1702.8 1683.7 1672.6 1731.3 1764.1 1804.3 1814.6 1837.7 1666.8 1872.6 1903.7 1912.6 1341.7 1936.7 2018.7 2037.4 

100.0 1966.9 2041.4 2033.4 2017.6 1396.6 2066.3 2104.6 2161.4 2162.9 2190.1 2216.0 2231.0 2267.6 2277.4 2312.4 2306.3 2403.6 2426.7 

160.0 
2% 

4041 
963s: 

4024 
6612: 

3992 
6460: 

3946. 4076. 4161. 4236. 4266. 4304. 4362. 4361. 4446. 4464. 4633. 4621. 4710. 4761. 
200.0 
260.0 3107. 9441. S432. 9366. 

E3Y 6630. 6704. S831. 6880. 6936. 7011. 7066. 7163. 7182. 7234. 7273. 7611. 7641. 

300.0 12242. 12087. 12713. 12622. 12443: 1%: 13980::: 13?4: 
8034. 10003 

13423' 
10116 
13694' 

10176 
13667' 

10314 10362 
13261. 

17162: l7362: 17462: 
13634' 
17670: 

13903' 
10618 10466 
14120' 14077: 

10764 
14370: 

10930. 
14723 

360.0 16662. 16226. 16293. 16130. 16964. 16427. 16646. 16946. 16373. 17766: 18044: 17968. 18310. 16766: 

400.0 19333. 20031. 20132. 20017. 13733. 20283. 20643. 20310. 20931. 21164. 21442. 21613. 21779. 21903. 22246. 22178. 22631. 23141. 
460.0 23223. 24066. 24200. 24071. 23727. 24393. 24670. 26106. 26123. 26401. 26740. 26626. 29123. 26263. 28697. 26613. 27001. 27746. 
600.0 27307. 26263. 29470. 26326. 27319. 26666. 23001. 29606. 2S620. 29646. 30246. 30342. 30692. 30877. 31362. 31263. 31689. 32676. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROBIC STOPPIG POMR II UlITS O? IW/tHG/SQ c21) 
31 

s 101s 
14 

WA Be 
4c 12 

lG AL SI CA n a m 11 aJ 
4 

GE se 
13 14 20 

SR 
11 14 

m 
28 20 2s MO 32 BE 34 38 40 41 46 d ~~.1.*.....+*.....*1...**~***~*.*~.~*..***.*.~***.....*.***.~**....*******~~*~~*****.****.*~***...*~***.****.*.**..******...***..... 

3:: 19.08 17.43 19.49 18.12 16.31 14.63 14.70 13.97 14.26 14.94 13.89 13.18 i2.0? 11.68 il.68 11.14 11.29 10.89 II.06 10.70 10.39 9.82 

i:p . 18.38 16.30 14.36 14.91 16.86 il.01 13.78 13.07 12.42 
10.04 9.63 

13.26 11.9? 12.68 
ET 

12.84 11.14 13.64 12.08 11.63 12.87 11.07 10.68 IO.12 8180 8.48 
t4 

8.76 7.87 8.21 

1"g.f; 10.88 . 10.01 10.46 9.80 1Og.g 9149 x*x: t% 8:41 8.31 X*E a:66 8.26 X% . 

8:94 8: 60 

7.77 T% 7:66 P*E 

8.18 8.00 7.96 ;:Ei 7118 7.30 

E 13.62 12.78 14.08 13.36 11.29 11.83 11.40 10.88 ii.47 11.16 10.64 11.02 X% X:E 9.21 8.84 9.12 8.40 
E 

7.84 7.71 7.84 7.46 7.06 

8:: . 12.12 11.63 11.00 12.89 12.09 11.64 10.79 10.34 9.92 ';A; 9:68 $3; 9182 '"g.;: s:33 8:91 8.24 8.64 i:fi f 8.60 
. 4: 

f:iJ P% 
;:i; . 

p; T-x: 
pg . 

33 8:92 T-Z 
7184 7:08 $tg 

7.18 4.94 4.70 8C tpt 
. 4.49 . 4.48 4116 

4.81 4.68 4.38 
4.14 

1o:o 82 'Ef 8:87 

10-42 9.19 8.87 

Xi8 7:96 

8.47 

T% 4174 g:; 

7.36 4.91 

~~~~ . xc f-l: 

4.27 

8.10 

6.80 

ttt xx Kc i% 

6.79 

6.48 :::: 8.11 7.42 p; . ;:g . I:! . z:g ;:g ;-x; $:; w ;:; X:E T% . 6:65 Et . 6:78 6:63 ;:f; i:$ 6:42 6.20 x . 6.28 6.14 

. . 6:81 6.49 6.26 6:08 s:o1 6.00 4.89 z': . t:Ei 

16.0 4.480 4.914 4.116 6.914 4.087 6.863 6.207 6.091 6.036 6.042 
28 4.406 6.224 

4.789 4.647 
4.743 6.804 4.984 4.232 

4.422 4.371 
4.824 4.098 4.970 4.224 4.086 4.796 4.276 3.848 

4.342 4.270 
4.187 4.144 4.180 3.937 3.776 3.469 3.424 3.419 
3.677 

3.649 4.143 3.443 
3.546 3.681 3.371 

4.084 3.401 

2: 
3.236 

3.831 3.400 4.133 3.474 3.496 3.290 3.678 3.188 
3.139 3.112 

3.490 3.289 3.189 3.676 
3.110 3.064 

3.194 1.864 3.138 2.802 3.111 2.781 3.127 2.797 2.982 2.460 2.843 2.740 1.740 2.739 1.692 2.891 2.843 2.931 2.687 
2.648 1.471 2.464 2.468 2.418 2.378 2.324 

ii.8 3.084 2.799 3.036 3.320 2.976 2.722 2.883 2.838 2.976 2.722 2.888 2.446 2.688 2.370 2.541 2.622 2.638 2.406 2.311 2.246 2.232 2.233 2.198 
6o:o 2.329 

2.144 2.114 
2.314 2.329 2.208 2.122 2.041 2.680 2.801 2.060 2.613 1.434 2.616 2.062 2.021 2.446 2.192 I.992 I.947 

2.166 2.141 2.167 2.044 1.946 
66.0 2.398 

I.909 1.900 
2.406 2.339 

1.902 1.874 
1.188 2.341 2.278 2.043 

I.849 1.807 
1.009 1.997 2.012 l.SO7 1.834 

80.0 2.243 
1.782 1.774 

2.439 2.191 2.124 
1.774 1.761 

2.193 2.136 1.916 1.886 1.873 
1.728 1.889 

1.888 1.790 1.721 1.473 1.444 1.448 1.446 1.426 1.688 

;Ki 
4G:0 

2.110 1.994 2.194 2.171 2.084 1.963 2.001 1.894 2.084 1.966 2.012 1.906 1.806 1.710 1.777 1.483 1.747 1.874 I.888 1.781 1.489 1.424 1.679 1.673 1.676 1.664 1.636 1.600 
1.601 1.640 1.494 1.802 1.986 1.749 1.716 1.492 I.771 I.727 1.494 1.474 I.454 1.661 1.627 1.619 1.424 

1.633 1.464 I.399 
90.0 

1.340 1.364 
1.860 1.801 1.422 1.674 

1.368 1.341 
1.424 1.686 1.424 

1.326 1.297 
1.403 1.394 I.409 1.334 1.286 1.260 

100.0 
1.247 1.249 

1.614 1.444 1.602 1.468 1.606 1.449 1.321 
1.234 1.220 1.194 

1.301 1.296 1.307 1.240 1.194 1.140 1.168 1.140 1.147 1.134 1.110 

160.0 1.138 1.244 1.128 1.096 1.129 1.106 0.996 0.981 0.977 0.987 0.937 0.903 0.878 0.877 
200.0 0.933 

0.879 0.870 
1.033 0.934 0.907 

0.880 
0.930 0.918 0.824 

0.844 
0.809 0.812 0.822 0.779 0.748 0.743 

260.0 
0.727 0.730 

0.816 0.903 0.819 0.794 
0.721 0.728 0.703 

0.812 0.803 0.723 0.702 0.713 0.722 0.684 0.474 
22: 0.734 0.474 

0.452 0.439 
0.740 0.081 

0.842 0.431 
0.814 0.760 0.441 0.717 0.734 0.877 0.724 0.489 

0.440 0.619 
0.863 0.803 0.829 0.681 0.846 0.696 0.403 0.463 0.419 0.410 0.690 0.679 0.681 0.672 0.680 0.641 

0.672 0.643 0.646 0.636 0.637 0.629 0.634 0.618 

400.0 0.4317 0.7012 0.4383 0.4184 0.4334 0.4247 0.6444 0.6444 0.6670 0.6460 0.6341 0.6173 
460.0 

0.6104 0.6014 
0.6972 0.8831 

0.6038 0.4969 0.6024 0.4844 
0.4041 0.6862 0.6994 0.6934 0.6344 0.614G 0.6181 0.5363 0.6081 0.4994 0.4834 0.4763 

600.0 0.6898 
0.4774 0.4701 

0.8326 0.6747 
0.4744 0.4412 

0.6688 0.6726 0.6844 0.6104 0.4933 0.6048 0.6116 0.4864 0.4771 0.4420 0.4643 0.4644 0.4496 0.4666 0.4410 

I....***~*..*........*****..*...*..*.*....*..****....*~********~*.**..*..****~*..**.*.**.......*~*.****.*..*..****..***~*****..***.* 
&fl s1 52TE 81 LA PR SI GO 80 RI LU TA RE IR AU F'B BI 211 U 

5G 64 67 69 42 44 47 49 71 73 75 77 79 82 83 90 92 r~~r*r****irrrr~~~~*********~~~*~~*~***~~**~*~**~**~**~*****~*~~****~~~~**~************~*~~~*~******~*~*********~*~*******~******~.* 
::: 7.711 7.663 7.349 7.234 7.413 7.274 7.472 7.333 7.418 7.193 4.911 7.011 4.804 4.714 4.438 4.374 4.307 4.268 4.149 8.109 6.038 4.004 6.946 5.736 6.648 6.413 6.430 6.410 6.360 

6.914 6.720 6.462 
4"G 7.368 7.131 

6.697 6.413 6.390 6.331 

416 
7.043 4.830 7.081 4.886 7.137 4.919 7.109 4.900 8.760 4.642 4.684 8.387 4.262 4.097 4.144 6.999 4.006 6.847 6.904 6.496 6.822 6.440 6.673 5.617 6.632 6.310 6.262 

6.624 6.469 6.404 4.898 6.419 6.199 6.142 4.810 8.843 4.496 8.883 8.386 4.198 6.929 6.839 6.716 6.772 5.826 6.663 
6.391 6.329 6.274 6.288 6.072 6.017 

::: 8.8868 4.447 4.393 4.182 4.424 4.212 4.241 4.474 4.488 8.269 4.148 6.974 4.009 6.824 6.588 6.767 6.474 6.667 5.471 6.404 6.263 6.192 5.138 6.152 4.940 4.887 
6.611 6.400 6.316 6.264 6.112 6.064 6.000 4.766 

f:% . 4.236 4.034 6.844 

6.013 4.807 

6.981 6.790 6.809 4.010 6.817 6.836 4.064 6.843 6.879 4.069 6.889 6.088 6.788 6.411 6.442 6.846 6.473 6.310 6.423 6.284 6.112 6.361 6.197 6.060 4.964 5.097 6.244 4.883 6.148 6.023 4.946 4.828 6.108 4.973 4.838 4.917 4.784 4.844 4.731 4.877 4.744 4.076 4.648 4.826 4.499 
4.707 4.464 4.804 4.818 4.424 4.377 

1o:o :4 
6.496 6.277 6.301 5.342 6.364 6.130 6.008 4.830 4.776 4.488 4.421 4.672 4.441 4.416 4.344 4.376 4.193 4.149 
4.910 6.184 4.982 4.718 6.004 4.738 4.776 6.043 4.7S4 6.069 4.860 4.699 4.738 4.496 4.676 4.346 4.624 4.301 4.446 4.227 4.384 4.170 4.339 4.128 4.237 4.034 4.194 4.146 4.164 3.983 3.941 

3.994 3.944 3.967 3.792 3.752 
11.0 4.683 4.481 4.601 4.634 4.664 4.374 4.274 4.138 4.098 4.019 3.976 3.938 3.849 3.812 3.788 3.778 3.419 3.681 
12.0 4.441 4.289 4.287 4.321 4.342 4.171 4.079 3.961 3.914 3.849 3.799 3.782 3.881 3.447 3.802 3.411 3.441 3.426 

16.0 3.892 3.743 3.740 3.789 3.812 3.447 3.689 3.483 3.464 3.400 3.367 3.314 3.268 3.231 3.189 3.197 3.086 3.034 
f:8 3.244 2.789 3.123 2.496 3.137 2.704 3.141 2.728 3.186 2.760 3.049 2.463 3.004 2.400 2.924 2.633 2.903 2.614 2.481 2.840 2.826 2.461 1.801 2.432 2.748 2.388 2.727 2.372 2.490 2.497 2.684 2.640 

2.339 2.346 2.248 2.224 
2:: 2.472 2.221 2.380 2.139 2.391 2.149 2.409 1.184 1.431 1.187 1.111 2.347 1.301 1.07i 2.246 2.022 1.231 2.010 2.200 1.984 2.176 1.941 2.168 1.944 2.120 2.107 2.077 2.083 1.997 1.978 

1.913 1.903 1.876 1.880 1.803 1.784 

2: 2.023 1.882 1.949 1.794 1.967 1.801 1.973 1.814 l.QS3 1.836 1.926 1.773 1.889 1.740 1.702 1.844 1.835 1.893 1.812 1.471 1.791 1.778 1.748 1.740 1.714 1.718 1.849 1.433 
1.452 1.441 1.414 1.404 

8o:o I%*: 
1.728 

1.681 1.687 1.622 1.608 
1.886 1.673 1.888 1.704 1.447 1.817 1.582 1.674 1.664 1.637 1.624 1.602 1.496 1.473 1.477 1.417 1.404 

1.619 1.414 1.667 1.444 1.684 1.471 1.674 1.482 1.499 1.694 1.641 1.460 1.613 1.424 1.481 1.394 1.387 1.473 1.466 1.371 1.439 1.364 1.344 1.429 1.326 1.407 1.401 1.380 1.383 1.328 1.314 
1.320 1.300 1.304 1.261 1.240 

%:8 1.434 1.383 1.384 1.313 1.390 1.319 I.401 I.417 1.344 1.371 1.302 1.344 1.279 1.319 1.263 1.313 1.247 1.297 1.283 1.274 1.265 1.260 1.231 1.234 1.186 1.174 
1.330 1.232 1.219 1.211 1.192 

1oo:o 2: 
1.241 1.201 

1.188 1.170 1.173 1.124 1.114 
1.199 1.211 1.224 1.184 1.196 1.143 1.137 1.124 1.112 1.106 1.089 1.086 1.048 

1.083 1.143 1.107 1.029 
1.071 1.028 1.019 

1.102 1.026 1.114 1.038 1.130 1.061 1.093 I.017 1.076 l.OOG 0.981 1.064 0.977 1.049 0.948 1.038 0.964 1.027 1.020 1.006 1.001 0.984 0.989 0.960 0.941 
0.960 0.938 0.933 0.919 0.921 0.886 0.877 

160.0 0.8084 0.7794 0.7828 0.7891 0.8002 0.7760 0.7823 0.7491 0.7466 0.7368 0.7311 0.7244 
20G.0 

0.7147 0.7140 
0.4729 

0.7038 0.7069 0.4778 0.4722 
0.8498 0.4499 0.4662 0.4048 0.8441 0.4340 0.4164 0.4093 0.8057 

260.0 
0.8238 0.4217 0.5978 

0.6923 0.6720 
0.6981 0.6871 0.6889 0.6612 0.6424 

0.6868 0.6706 0.6792 0.6028 0.6672 0.6474 0.6478 0.6337 0.6328 0.4988 
300.0 0.6370 0.6188 

0.6414 0.6149 0.6230 0.6147 0.6146 0.6129 
0.6130 0.6148 0.6226 O.SlG8 0.6066 

350.0 
0.4949 0.4972 0.4917 0.4846 0.4837 0.4786 

0.4966 0.4797 
0.4761 0.4477 0.4892 0.4469 0.4614 

0.4744 0.4783 0.4834 0.4726 0.4878 0.46SS 0.4803 0.4663 0.4487 0.4480 0.4433 0.4402 0.4333 0.4347 0.4316 0.4183 

400.0 0.4869 0.4601 0.4466 0.4470 0.4638 0.4434 0.4391 
460.0 

0.4318 0.4323 0.4274 0.4216 0.4107 
0.4419 0.4289 

0.4144 
0.4228 0.4040 0.4209 

0.4134 0.4071 0.4086 0.4063 0.3931 
0.4306 50G.0 0.4188 0.4098 0.4101 0.4064 0.4001 0.4128 0.4082 0.3994 0.3964 0.3927 0.3844 0.3878 0.3847 0.3734 0.4043 0.4064 0.4118 0.4027 0.3884 

0.3921 0.3924 0.3883 0.3830 0.3822 0.3786 0.3769 0.3701 0.3713 0.3882 0.3676 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

32 
JUICE II UIITS OF HG/SQ Qt s Ions 

14 

E/A 8E rs AL 
4 EC 17 13 

.***..*..**..*..*..*......*..**.*** 
2.6 4.340 4.160 6.840 6.420 

3:: 4.166 6.213 6.002 6.914 4.912 8.043 4.934 8.112 
t:: 8.247 7.144 7.936 4.894 10.492 a.234 10.464 a.362 

SI CA n CR FE 11 aJ GE SE SR ZR no RE 
14 20 22 24 24 2% 29 32 34 38 40 42 46 4FG 

.*****.l.*.**.*.*.**..**.*., ~*.********.**1 1.....*.*+.********..***.**.**~****, ~***.*...*..*.*****~* 
6.710 4.773 7.340 7.762 8.040 %.3%0 8.630 9.070 9.370 9.423 10.010 10.196 10.616 10.790 
4.406 7.961 8.493 a.180 a. 602 9.430 10.094 10.723 11.102 11.696 11.797 12.044 12.664 12.76% 
7.967 9.184 10.104 10.424 II.002 11.366 11.714 12.432 12.849 13.422 13.43% 13.946 14.639 
9.170 10.474 

14.777 
11.684 12.16% 12.644 12.940 13.39% 14.204 14.741 16.313 16.644 16.912 14.773 14.841 

10.446 11.834 13.130 13.76% 14.198 14.692 16.162 14.062 14.444 17.274 17.619 17.94% 14.349 19.016 

::i 10.414 10.207 13.197 13.443 13.147 14.733 14.434 17.171 17.476 18.102 14:%76 19.946 201737 21’427 21'494 12.247 23’670 23:664 
9.334 9.040 11.812 12.024 11.784 13.264 14.747 16.42% 16.901 14.312 14 374 17.970 1% 862 19 313 19 689 20.069 21 234 21 244 

4.0 11.900 11.437 14.447 14.947 14.466 14.289 18.194 18.984 19.622 19.942 20.44% 22.037 22.890 23:413 23:BO0 24.614 26:3%0 26.344 
4.6 13.264 12.729 14.141 14.637 14.147 17.906 20.029 20.474 a.441 21.896 22.497 24.187 26.122 26.491 28.144 24.440 24.447 24.419 
7.0 14.476 14.043 17.741 14.176 17.744 13.687 21.936 22.436 23.434 23.899 26.021 24.414 27.436 28.243 28.648 23.287 31.031 30.974 

82 
17.72 14.97 21.10 21.46 21.17 23.16 26.94 24.38 27.44 28.12 29.60 31.11 32.30 33.19 33.61 34.36 34.39 34.34 

1o:o 
21.02 20.11 24.71 26.33 24.81 24.37 30.2% 31.41 32.14 32.44 24.24 34.11 37.43 34.46 38.40 39.41 42.07 42.03 
24.69 23.4% 28.67 23.33 28.71 31.06 34.89 38.14 34.93 37.44 33.34 41.43 42.93 44.04 44.41 46.66 48.07 48.04 

11.0 28.41 27.04 32.49 33.44 32.84 36.3% 39.7% 41.16 42.01 42.63 44.74 47.0% 48.82 49.36 60.34 61.42 64.39 64.43 
12.0 32.48 30.92 37.07 38.1% 37.24 39.97 44.96 48.46 47.3% 47.90 60.43 63.00 64.34 64.1% 64.63 68.01 41.02 41.12 

16.0 44.19 43.73 61.44 63.2% 61.93 66.24 42.14 64.06 46.1% 86.49 43.26 72.44 76.2% 74.74 n.20 79.0% 82.79 83.17 
20.0 73.47 43.44 80.82 43.42 41.19 86.43 98.24 98.49 100.39 100.41 104.37 111.40 116.26 117.14 117.48 120.38 126.23 128.31 
26.0 107.34 100.82 116.79 119.64 114.26 121.92 134.91 140.39 142.27 142.63 160.44 167.36 142.43 144.96 146.63 149.14 176.10 177.16 
30.0 144.39 137.04 164.34 141.44 164.8% 143.90 183.89 184.28 190.67 190.40 201.20 210.23 217.12 219.87 220.49 226.07 232.13 236.39 
36.0 190.41 178.20 202.34 208.91 202.90 211.3% 234.34 242.36 246.0% 244.80 268.42 249.81 278.49 281.47 282.29 287.92 294.08 300.74 

40.0 240.4 224.1 263.4 241.8 264.1 244.2 294.0 302.4 306.4 304.9 321.9 336.9 344.6 360.1 360.7 367.4 364.7 373.0 
46.0 296.1 274.6 309.9 319.9 310.4 322.1 360.7 368.2 371.9 370.8 391.4 408.2 421.0 426.0 426.4 433.4 443.3 461.9 

2: 
364.7 323.6 371.1 383.1 371.4 386.1 430.9 433.7 443.8 442.3 444.8 484.4 601.7 606.1 604.4 616.7 627.3 637.3 
419.1 388.8 437.1 461.2 437.4 463.0 604.4 614.7 621.3 619.1 647.3 671.0 688.6 633.3 693.8 804.1 414.9 429.0 

40.0 488.2 462.3 607.9 624.1 604.3 626.4 687.4 638.3 904.1 801.3 834.6 481.1 %%I.2 084.4 444.8 498.4 712.6 724.8 

E3 
641.8 619.9 683.1 401.8 683.6 602.8 473.4 884.4 492.1 688.4 724.4 764.8 773.7 786.3 786.6 738.4 813.8 830.6 
439.8 691.4 442.9 444.0 453.2 084.4 744.7 779.0 786.1 780.9 824.0 468.0 883.9 889.8 883.3 904.3 920.9 940.0 

iit: 
804.9 744.8 436.4 841.8 836.4 841.3 981.6 978.9 984.1 980.2 1034.1 1074.4 1108.4 1116.2 1114.9 1132.2 1161.4 1176.9 
994.7 917.2 1024.6 1064.8 1024.3 1064.9 1177.0 1197.7 1204.9 1198.3 1243.9 1316.3 1364.3 1341.6 1340.9 1381.2 1403.6 1433.3 

100.0 1194.4 llO2.1 1229.7 1248.3 1229.2 1244.8 1410.6 1434.8 1444.3 1434.3 1612.8 1673.8 1420.2 1428.0 1424.8 1460.4 1476.8 1711.6 

160.0 2429. 2228. 
200.0 3332. 3443. 

g4;. pg. 2474 t 2634. 2424. 2871. 2884. 2842. 3017. 3134. 3228. 3237. 3233. 3274. 
4044. 4142. 4608. 4473. 4897. 4663. 4904. 6064. 6211. 6264. 6244. 6304. 2' CT:%: 

260.0 6836. 6312. 6881: ' 
7910. 7182. 7942. Et: 

6894. 4014. 4890. 6810. 880%. 4737. 7104. 7287. 7614. 7411. 7691. 7492. 7m: 7914. 3Go.o 7374. 8114. 9026. 322%. 9174. 9076. 9647. 
360.0 10186. 

9790. 10104. 10249. 10217. 10342. 10326. 10437. 
9233. 1019%. 10621. 10249. 10414. 11680. 11880. 11742. 11429. 12240. 12624. 12934. 13129. 13084. 13274. 13202. 13410. 

400.0 12437. 11442. 12424. 13027. 1249%. 12889. 14324. 14729. 14643. 14374. 16163. 16447. 16972. 14223. 14143. 14404. 14287. 14799. 
460.0 16244. 13791. 16206. 16489. 16296. 16616. 17243. 17760. 17494. 17284. 18222. 18647. 19198. 19604. 1942%. 19723. 19640. 20180. 
600.0 17990. 14243. 17918. 18490. 18027. 18274. 20308. 20926. 20694. 20344. 21444. 21847. 22683. 22949. 22867. 23204. 22934. 23730. 

. ..*.*.***.**..*..*....*...*.~***.****.*******.***~.*~**~.**~~.*.**.~**~**...**.*~~*.**..*.**~*~.**~*....*~~*.~.**..*.*.*..........* 
E/A SI n Iu LA PR sn CD 80 m  LU TA RE IR AU PB BI TB U 

60 62 64 67 69 42 44 47 49 71 73 76 7-l 79 82 a3 30 92 
..****1...........~..*...*.....~.........*...**.*..~*.*.*..*~*******.....**.....*.*.**~....*****.*..*.~......**.*~.~.**.*....**...~. 

2.6 11.33 11.74 12.70 12.94 13.42 lQ.ll 14.63 16.07 16.39 16.70 14.03 14.38 14.72 17.04 17.46 17.40 18.87 19.27 

3:: 
13.42 13.96 14.87 16.10 16.40 14.41 14.89 17.64 17.93 18.31 18.48 19.07 19.61 19.84 20.30 20.44 21.83 22.24 
16.17 14.19 17.10 17.31 17.82 14.76 19.30 20.09 20.61 20.96 21.37 21.80 22.33 22.71 23.l% 23.31 24.82 26.28 

::: 
17.78 18.49 19.40 19.69 20.10 21.14 21.77 22.43 23.16 23.46 24.11 24.67 26.19 26.41 24.11 24.23 27.84 28.34 
20.04 20.87 21.77 21.94 22.44 23.43 24.32 26.36 26.86 24.41 24.32 27.42 28.12 24.68 29.10 29.22 30.97 31.61 

z 
22.42 23.33 24.22 24.37 24.83 24.19 24.94 28.08 24.43 29.26 29.40 30.34 31.13 31.42 32.18 32.28 34.17 34.74 

4:o 
24.84 26.8% 28.76 24.8% 27.41 28.82 23.44 30.91 31.49 32.17 32.77 33.34 34.22 34.74 36.33 36.43 37.46 38.04 

8:: 

27.3% 28.61 29.37 29.4% 30.01 31.64 32.43 33.41 34.44 36.17 36.82 38.43 37.33 37.96 38.6% 58.67 40.83 41.47 
23.93 31.23 32.07 32.17 32.43 34.36 36.31 35.81 37.47 38.27 38.94 39.41 40.46 41.26 41.91 41.99 44.30 44.90 
32.4% 34.04 34.87 34.34 36.44 37.26 38.28 33.83 40.69 41.46 42.19 42.88 44.01 44.44 46.34 46.41 47.47 48.69 

tG 
38.33 33.32 40.73 40.76 41.24 43.30 44.43 49.33 47.11 46.09 48.33 43.43 SO.33 61.70 62.48 62.64 66.30 64.10 

1o:o 
44.33 46.17 44.94 44.32 47.41 43.72 61.04 63.14 64.00 66.11 66.04 S4.48 68.36 69.14 40.01 60.04 43.13 44.01 

11.0 
60.47 62.77 63.62 63.44 63.91 64.60 68.00 60.32 41.26 42.49 85.63 84.44 48.10 45.34 47.92 47.94 71.37 72.34 

12.0 
67.34 63.73 60.46 Bo.32 00.74 Bj.44 46.30 47.87 48.88 70.26 71.39 72.38 74.22 76.14 74.23 74.22 00.01 81.07 
64.40 47.06 67.74 47.66 47.34 71.13 72.34 76.73 74.87 78.3% 73.43 80.70 82.72 83.76 84.92 84.89 89.06 90.21 

16.0 87.64 31.12 91.70 91.34 91.41 96.73 98.11 101.72 103.04 104.97 104.67 107.89 110.60 111.77 113.30 il3.20 118.69 120.06 
20.0 132.77 138.14 134.61 137.74 137.74 143.46 147.06 162.08 163.79 164.61 164.76 140.64 144.20 146.90 144.16 147.9; 176.47 177.70 
26.0 184.03 193.44 193.40 132.44 191.97 199.90 204.47 211.04 213.17 214.74 213.74 222.03 224.86 224.99 232.13 231.72 242.22 244.92 
30.0 244.99 264.7% 264.46 266.00 263.93 284.18 270.03 278.24 280.86 286.39 289.19 292.03 298.12 390.71 304.8% 304.2% 317.89 321.32 
36.0 316.39 327.80 327.37 326.14 323.60 334.1% 343.46 363.60 364.63 342.09 344.73 370.23 377.49 380.74 384.08 386.27 402.33 404.67 

gJ 
391.0 406.3 406.6 402.7 400.3 416.4 424.6 434.4 433.3 444.4 462.3 464.3 466.3 448.8 476.4 474.4 496.2 600.3 
473.6 491.9 .490.% 487.3 4%4.0 602.3 612.8 624.8 630.8 634.4 646.4 660.1 640.4 664.4 672.7 671.4 694.3 802.4 

66.0 
6%2..8 S84.4 683.0 678.8 674.4 686.0 608.3 424.4 428.9 438.0 846.8 461.3 883.6 447.3 477.4 474.0 706.4 712.4 

40.0 
468.4 04.0 882.0 Cn7.0 471.7 49%.6 710.4 729.0 734.1 744.6 763.6 763.7 773.4 778.6 789.3 788.0 822.1 830.2 
740.8 730.1 787.4 78l.8 776.3 803.4 819.7 840.4 844.0 867.8 848.1 876.2 890.9 898.2 909.6 907.3 944.3 366.4 

46.0 
70.0 

849.2 902.6 899.4 832.8 B86.1 917.2 336.3 968.6 984.7 377.9 989.6 997.4 1016.0 1020.8 1034.0 1033.6 1077.6 1088.2 
883.6 1021.3 1017.8 1010.1 1001.0 1037.0 1067.3 1083.0 1089.8 1104.6 1117.6 1124.3 1146.9 1162.2 1143.4 1144.6 1214.4 1228.1 

80.0 1230.0 1274.9 1272.3 1262.4 1260.6 1294.9 1319.8 1360.3 1368.9 1374.7 1392.7 1403.3 1427.2 1434.4 1464.0 1462.3 1614.2 1628.4 
93.0 1433.0 1664.0 l660.1 1638.2 1622.7 1674.2 1404.1 1442.8 1462.1 1473.3 1432.6 1706.0 1733.4 1741.4 1748.1 1743.4 1838.3 1866.4 

100.0 1789.4 1867.4 1860.2 1436.3 1814.7 1879.9 1916.1 1967.8 1948.4 1993.2 x)16.8 2030.6 2043.7 2072.8 2104.4 2099.0 2187.7 2207.8 

%:8 
3639. 3%72. 3667. 3024. 3636:. ;70;. 3772. 3849. 3912. 3366. 3981. 4042. 4067. 4124. 4109. 4318. 
6726. 693%. 6914. 6867. 4084. 4204. 4299. %347. 4409. 

260.0 
4804. iii::. 

42%%. 4672. 
4602. 4623. %826. 

8643. 8494. a361 : 8666: 8733. 8964. 
iZig: 

9749: E%: 
300.0 11112. 11614. 11640. 11468. 11301. 11447. 11816. 12031. 12064: lE% l%E' l!;% l%!’ 1%:: l%- 1::::' 13046. 13346. 
360.0 14214. 14729. 1474%. 14494. 14491. 14310. 16111. 16343. 16404. 16677: 16777: 16840: 1403%: 14126. 14378: 14336: 14422. 17063. 

400.0 17644. 18177, 18272. 18147. 17910. 14409. 18446. 18978. 18997. 19208. 19440. 19630. 19747. 19879. 20192. 20129. 20460. 21003. 
460.0 21076. 21431. 21962. 21846. 21633. 22116. 22343. 22784. 22800. 23062. 233%0. 23437. 23714. 23863. 24229. 24162. 24606. 26183. 
600.0 24781. 26-4. 26834. 26706. 26334. 2%006. %318. 24778. zb789. 27084. 27460. 27636. 27863. 28021. 28441. 28371. 28763. 29646. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECIROIIC SIOPPIlG POUER II WITS OF HEV/(HG/SQ QI) 
36 

a 101s 
17 

8/A 8E 
SC 12 

Hi AL SI CA TI al w II al GE SK SR 2s no IGi 
4 13 14 10 22 24 26 26 29 32 34 38 40 42 46 4:” 

.I.++........*...*.l****.....***~****..~~*..*.~.*.*.**~.~.*.*~*.***~.*******~~~~..****.~***************..****.******.***.****.****** 
3.: 

3:s 

20.96 19.46 2l.36 19.91 16.68 16.66 16.01 16.26 16.30 16.67 16.09 14.49 13.11 12.63 12.66 12.16 12.26 11.86 11.66 12.00 11.27 10.96 10.66 10.37 '"9.;; 

9:Sl 

9.91 9.69 9.48 9.29 6.52 8.46 8.74 8.89 

18.10 18.63 16.10 14.62 14.63 13.86 11.11 11.67 11.42 11.16 10.69 9.40 8.61 

a:: 16.93 16.91 17.49 16.48’ 14.36 13.68 13.82 13.17 14.11 13.47 13.26 11.67 11.60 11.11 10.76 11.20 10.97 10.64 10.83 10.41 I;.;; . l"8.z 9:ss 9.28 8.86 X:E Ei 8:46 "B-i; 7187 8.26 8.00 

2 15.00 14.20 16.69 14.79 11.47 13.06 12.67 12.02 12.86 11.31 12.13 11.63 10.66 IOg.;; 9.46 9.11 2% Ef x*:x 7.74 7.49 
13.48 14.08 11.94 11.61 11.79 11.16 9:sr 8.78 7.26 
12.83 13.43 11.46 11.04 11.32 10.73 9.19 8.47 

X% 

7:80 

;:p; 

7:62 

x : 

7:39 
7.02 

12.26 12.86 11.00 10.61 10.88 10.33 8.86 8.18 6.81 

8.0 9.62 

?K 7131 

8.16 8.12 

xi 6:80 

7.31 7.06 6.91 6.42 6.41 

lo".: 6.62 
11:o 

FE 
6:82 

7% 
6.91 6:81 

6.64 6.18 
tx 

SF 
6.44 6.96 

6:67 
6:60 

6.06 6.74 
6.46 

12.0 6.66 6.47 6.47 6.12 6.66 6.26 6.19 

16.0 7.263 7.738 8.840 6.614 6.808 6.643 6.820 6.890 6.626 6.634 6.328 6.102 4.940 4.883 4.871 4.769 4.626 4.660 

23 4.966 6.888 6.283 6.326 4.764 6.690 4.602 6.409 4.746 6.673 4.687 6.374 4.096 4.792 4.016 4.693 4.647 3.980 4.661 3.997 3.786 4.411 3.631 4.129 4.100 3.623 4.060 3.493 4.064 3.490 3.976 3.427 3.367 3.879 3.810 3.289 

ii?“0 4.309 3.817 4.644 4.133 4.166 3.703 4.024 3.687 3.701 4.160 4.018 3.688 3.692 3.211 3.626 3.163 3.496 3.129 3.614 3.147 3.329 1.981 3.196 2.864 3.102 2.781 3.079 2.762 3.078 2.762 3.026 2.717 2.970 2.873 2.907 2.614 

40.0 3.463 3.736 3.360 3.246 3.349 3.261 2.911 2.860 2.840 2.868 2.708 2.802 2.627 2.612 2.613 2.474 2.436 2.381 
46.0 3.163 3.416 3.086 2.971 3.066 2.979 2.669 2.624 2.606 2.623 2.486 2.390 2.321 2.309 2.310 2.276 2.243 2.192 

so:0 E.: 

2.907 3.164 2.832 2.746 2.834 2.766 2.470 2.428 2.413 2.430 2.303 2.214 2.161 2.141 2.143 2.112 2.083 2.036 

2.702 2.628 2.934 2.747 2.637 2.470 2.666 2.396 2.473 2.639 2.667 2.407 2.169 2.302 2.264 2.125 2.260 2.112 2.267 2.128 2.018 2.149 2.067 1.941 2.008 1.886 1.878 1.999 2.001 1.881 
1.973 1.903 
1.866 1.947 1.831 1.790 

fE 
80:o 

2.378 2.248 2.687 2,447 2.327 2.202 2.267 2.136 2.330 2.206 2.269 2.146 2.036 1.929 2.004 1.890 1.992 1.888 2.008 1.903 1.806 1.904 1.736 1.832 1.780 1.688 1.774 1.682 1.776 1.684 1.762 1.662 1.731 1.642 1.892 1.608 
2.033 1.216 1.996 1.936 1.898 1.948 1.760 1.723 1.714 1.729 1.640 1.678 1.634 1.629 1.632 1.613 1.496 1.462 

90.0 1.861 1.030 1.830 1.776 1.833 1.788 1.607 1.663 1.676 1.689 1.608 1.461 1.410 1.407 1.410 1.393 1.377 1.347 
100.0 1.721 1.878 1.696 1.646 1.698 1.668 1.490 1.468 1.461 1.476 1.399 1.347 1.309 1.307 1.309 1.294 1.279 1.263 

160.0 1.284 1.406 1.273 1.236 1.276 1.247 1.123 1.107 1.103 1.116 1.068 1.019 0.991 0.990 0.992 0.982 0.970 0.963 
200.0 1.063 1.166 1.066 1.024 1.060 1.034 0.930 0.914 0.917 0.928 0.880 0.867 0.838 0.821 0.824 0.814 0.022 0.793 
260.0 0.920 1.019 0.926 0.896 0.917 0.907 0.816 0.792 0.806 0.816 0.773 0.761 0.738 0.722 0.726 0.713 0.723 0.698 
cmo.0 0.829 0.919 0.836 0.809 0.826 0.819 0.737 0.710 0.728 0.737 0.699 0.688 0.666 0.663 0.666 0.646 0.666 0.633 
360.0 0.763 0.847 0.770 0.746 0.764 0.766 0.680 0.666 0.672 0.681 0.646 0.836 0.616 0.604 0.607 0.697 0.606 0.686 

400.0 0.7131 0.7916 0.7206 0.6981 0.7161 0.7076 0.6371 0.6146 0.6294 0.6378 0.6062 0.6962 0.6762 0.6660 0.6688 0.6698 0.6674 0.6491 
460.0 0.6742 0.7486 0.6820 0.6606 0.6769 0.6698 0.6033 0.6826 0.6981 0.6643 0.6736 0.6638 0.6469 0.6366 0.6392 0.6307 0.6379 0.6207 
600.0 0.6430 0.7140 0.6610 0.6306 0.6463 0.6397 0.6762 0.6669 0.6696 0.6774 0.6481 0.6386 0.6216 0.6129 0.6166 0.6076 0.6142 0.4979 

.*..+.*..****...*..***...****.*...****..*....**.~*.**..*.**..**..**.**.**.*****.**~*.**.**..*..**.****......~**~...~*.....~.*......* 
e/r SB T8 8A LA Pn SN CD Ii0 l?l LU Tl nE In AU P8 BI la 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 83 90 92" 
r*r*+*rrr~i~r*r+~+***********~*~~*..**********.*.****~~~*~**~******~**********~***~*~*********.*.*..***~**~*~**.******.***********~. 

2.6 0.347 7.976 0.021 8.086 8.026 7.683 7.369 6.981 8.820 6.648 8.627 6.426 6.199 6.126 8.066 8.083 6.843 6.779 

3:: 8.220 8.013 7.679 7,862 7.903 7.718 7.968 7.779 7.921 7.747 7.606 7.366 7.291 7.162 6.923 6.810 6.794 6.693 6.632 6.640 6.616 6.430 6.421 6.340 6.208 6.141 8.134 6.067 6.073 6.006 6.090 6.023 6.846 6.779 6.762 6.716 

::: 7.796 7.669 7.466 7.243 7.503 7.277 7.661 7.334 7.640 7.320 7.170 6.971 6.977 6.788 6.680 6.491 6.662 6.393 6.408 6.267 6.303 6.167 6.078 6.219 6.032 6.902 6.961 6.833 6.899 6.772 6.916 6.787 6.674 6.660 6.612 5.489 

k:8 7.322 7.091 7.019 6.800 7.062 6.831 7.106 8.884 7.099 6.882 6.768 6.668 6.594 6.402 6.141 6.317 6.226 6.067 6.097 6.936 6.002 6.844 6.927 6.774 6.761 6.617 6.696 6.663 6.634 6.493 6.649 6.607 6.416 6.279 6.367 6.222 
6.669 6.689 6.619 6.670 6.673 6.374 6.116 6.970 6.891 6.776 6.688 6.621 6.473 6.411 6.362 6.366 6.143 6.088 
6.667 6.387 6.416 6.466 6.472 6.187 6.036 6.803 6.729 6.619 6.636 6.473 6.332 6.273 6.214 6.228 6.010 4.966 
6.466 6.196 6.223 6.271 6.281 6.008 5.662 6.643 6.674 6.468 6.389 6.328 6.194 6.138 6.080 6.093 4.881 4.829 

8.0 6.084 6.842 6.867 6.913 6.927 6.678 6.642 6.343 6.282 6.186 6.112 6.067 4.934 4.882 4.826 4.839 4.637 4.687 
9.0 6.762 6.624 6.648 6.691 6.609 6.377 6.162 6.071 6.016 4.927 4.869 4.808 4.696 4.648 4.693 4.606 4.412 4.366 

10.0 6.464 6.240 6.362 6.303 6.323 6.107 4.990 4.824 4.776 4.692 4.628 4.681 4.477 4.433 4.380 4.391 4.206 4.164 
11.0 6.186 4.984 6.006 6.044 6.066 4.863 4.764 4.601 4.666 4.470 4.419 4.376 4.278 4.237 4.186 4.196 4.021 3.979 
12.0 4.946 4.763 4.773 4.810 4.833 4.643 4.640 4.397 4.366 4.284 4.227 4.107 4.096 4.068 4.000 4.018 3.860 3.811 

16.0 4.346 4.180 4.197 4.130 4.266 4.094 4.006 3.868 3.866 3.796 3.748 3.712 3.636 3.606 3.669 3.668 3.419 3.386 
20.0 3.636 3.498 3.613 3.640 3.666 3.436 3,366 3.274 3.260 3.202 3.163 3.136 3.076 3.063 3.012 3.019 2.894 2.866 
26.0 3.141 3.024 3.037 3.061 3.086 2.976 2.917 2.842 2.823 1.783 2.760 2.728 2.678 2.661 2.623 2.630 2.622 28 2.778 2.496 2.676 2.406 2.686 2.417 2.436 2.707 2.732 2.469 2.636 2.376 1.686 2.329 2.274 2.622 2.261 2.606 2.472 2.231 2.206 2.443 2.189 2.424 2.161 2.382 2.140 2.367 2.109 2.333 2.114 2.339 2.028 2,244 2:OOS ;.;;; 

X 2.277 2.097 2.193 1.010 2.203 2.029 2.210 2.046 2.066 2.243 2.166 1.997 2.126 1.960 2.077 1.916 2.066 1.906 2.039 1.882 2.016 1.861 2.001 1.847 1.968 1.817 1.968 1.809 1.919 1.782 1.786 1.934 1.866 1.714 1.838 1.698 

so:0 Et: 

1.947 1.876 1.684 1.899 1.920 1.866 1.822 1.782 1.773 1.761 1.731 1.719 1.692 1.684 1.669 1.663 1.696 1.662 

1.821 1.713 1.764 1.660 1.762 1.668 1.776 1.671 1.796 1.690 1.736 1.634 1.706 l.SGS 1.669 1.671 1.660 1.664 1.64‘2 1.646 1.622 1.628 1.011 1.617 
1.686 1.679 1.666 1.669 1.496 1.483 
1.494 1.488 1.466 1.469 1.410 1.398 

%:: l.SlS 1.637 1.660 1.481 1.687 1.488 1.680 1.600 1,698 1.617 1.646 1.468 1.618 1.442 1.487 1.413 1.480 1.406 1.462 1.390 1.446 1.376 1.436 1.366 1.414 1.346 1.409 1.340 1.388 1.319 1.391 1.323 1.336 1.270 1.324 1.269 

1oo:o it: 

1.400 1.349 1.366 1.366 1.383 1.338 1.316 1.189 1.183 1.268 1.266 1.246 1.228 1.224 1.206 1.208 

1.199 1.290 1.243 1.166 1.249 1.161 1.269 1.171 1.276 1.186 1.234 1.148 1.212 1.128 1.189 1.107 1.184 1.102 1.171 1.090 1.078 1.168 1.072 1.161 1.066 1.134 1.063 1.130 
1.113 1.116 

;.A;; :.A;; 

1.037 1.040 0:998 0:990 

160.0 0.9124 0.8797 0.8836 0.8908 0.9031 0.8748 0.8604 0.8466 0.8426 0.8339 0.8262 0.8201 0.8090 0.8068 0.7944 0.7967 0.7660 0.768'7 
200.0 0.7696 0.7336 0.7336 0.7397 0.7606 0.7272 0.7166 0.7041 0.7018 0.6960 0.6878 0.6837 0.6748 0.6729 0.6627 0.6647 0.6660 0.6346 
260.0 0.6686 0.6468 0.6387 0.6440 0.6638 0.6363 0.629G 0.618G 0.6184 0.6114 0.6024 0.6014 0.6948 0.6904 0.6811 0.6831 0.6790 0.6605 
300.0 0.6062 0.6866 0.6791 0.6811 0.6898 0.6764 0.6107 0.6609 0.6613 0.6661 0.6470 0.6461 0.6402 0.6364 0.6279 0.6297 0.6269 0.6096 
360.0 0.6606 0.6416 0.6356 0.6377 0.6468 0.6334 0.6181 0.6192 0.6197 0.6140 0.6066 0.6067 0.6004 0.4969 0.4891 0.4908 0.4871 0.4722 

400.0 0.6260 0.6081 0.6019 0.6046 0.6113 0.6007 0.4967 0.4876 0.4880 0.4827 0.4768 0.4760 0.4701 0.4669 0.4696 0.4611 0.4676 0.4438 
460.0 0.4988 0.4819 0.477l 0.4767 0.4860 0.4761 0.4703 0.4826 0.4831 0.4681 0.4617 0.4608 0.4463 0.4433 0.4366 0.4378 0.4343 0.4216 
6GO.O 0.4770 0.4609 0.4664 0.4670 0.4649 0.4846 0.4600 0.4427 0.4432 0.4384 0.4323 0.4316 0.4272 0.4244 0.4179 0.4192 0.4167 0.4036 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAIGE II WITS OF l%i/SP C?l 
36 

CL IOIS 
17 

WA BE 
ec 12 

I92 AL 51 CA 11 ca FE II cv GE SE SR ZR HO a8 
4 13 14 20 22 24 2% 28 29 32 34 38 40 42 46 4F ..1~***+*.....+1**1***..*.*.*****..**..*~**.*..*.*..******.****.******.*~*.*****..*~**.******.**.********~.*.*.~****...~.**..**~.... 

2: 
4.440 4.260 6.988 6.970 6.860 6.962 7.630 7.948 8.260 8.670 8.760 9.310 9.620 10.081 10.270 10.466 10.780 11.060 

:2 

6.307 6.099 7.063 7.089 6.968 8.136 8.890 9.363 9.711 10.049 10.323 IO.913 Il.363 11.866 12.071 12.320 12.840 13.044 
6.240 6.008 8.193 8.266 8.110 9.370 10.306 10.832 11.214 11.677 11.948 12.688 13.166 13.700 13.919 14.229 14.930 16.072 

4:6 
7.240 6.976 9.382 9.600 9.320 10.662 11.781 12.362 12.117 13.162 13.632 14.463 16.009 16.693 16.826 16.197 17.067 17.168 
8.307 8.009 10.631 10.798 10.689 12.013 13.322 13.967 14.404 14.809 16.381 16.304 16.928 17.662 17.799 18.231 19.260 19.311 

9.441 9.101 11.941 12.168 11.918 13.426 14.930 16.619 16.098 16.621 I?.l%? 18.214 18.918 19 681 19 841 20 334 21 617 21 636 
::i 10.640 10.264 13.314 13.683 13.310 14.899 16.907 17.360 17.861 18.300 19.094 W.197 20.981 21'684 21'966 22'611 23'841 23'633 
6.0 11.906 11.467 14.749 16.071 14.763 16.436 18.362 19.160 19.692 20.146 2l.041 22.263 23.118 23:880 24:146 24:762 3:236 281208 
6.6 13.237 12.741 16.246 16.624 16.278 18.036 10.167 21.019 21.694 22.060 13.0‘71 24.383 26.330 26.112 Z.409 27.089 28.702 28.660 
7.0 14.633 14.073 17.806 18.241 17.866 19.697 22.061 22.969 23.666 24.043 25.173 26.668 27.619 28.441 28.760 29.493 31.242 31.192 

2: 
17.62 16.92 21.11 21.6'1 21.19 23.21 26.03 27.06 27.72 28.22 29.69 31.22 32.43 33.33 33.66 34.63 39.66 38.49 

1o:o 
20.86 19.99 24.6'1 26.36 24.78 29.97 30.28 31.42 32.16 32.67 34.31 39.16 37.64 38.62 38.88 39.88 42.16 42.12 
24.36 23.30 28.47 29.28 28.61 30.9% 34.81 39.07 30.87 37.3% 39.31 41.40 42.97 44.03 44.40 46.64 48.06 48.08 

11.0 
12.0 

28.08 26.83 32.61 33.47 32.69 36.26 39.62 41.00 41.86 42.3% 44.60 49.94 48.70 49.84 60.24 61.61 64.27 64.32 
32.07 30.69 36.80 37.91 37.00 39.76 44.70 49.20 47.13 47.87 60.18 62.77 64.73 66.96 69.37 67.79 0.79 60.90 

16.0 
w.0 

46.46 43.18 61.09 62.69 61.37 64.72 61.64 83.44 64.68 66.11 68.63 72.04 74.64 76.12 76.69 78.46 82.14 82.62 
72.44 98.44 79.66 82.11 79.94 84.40 94.86 97.49 98.96 99.43 104.91 109.90 113.72 116.62 116.16 118.83 123.64 124.70 

26.0 106.03 98.81 113.63 117.32 114.10 119.77 134.60 137.94 139.82 140.11 147.88 164.71 169.92 162.24 162.63 166.39 172.28 174.30 
30.0 143.01 134.10 163.11 168.09 163.66 160.64 180.24 184.67 186.86 166.92 197.31 200.20 212.98 216.73 216.36 220.8% 227.83 231.02 
36.0 186.19 174.12 197.82 204.26 198.39 206.81 231.87 237.16 239.86 239.63 262.96 264.16 272.88 276.86 276.48 282.00 290.04 294.62 

40.0 234.4 218.7 247.6 266.6 248.2 268.1 289.2 296.6 298.7 298.1 314.8 328.4 338.8 342.4 343.0 349.6 368.7 364.9 
46.0 287.6 267.8 302.3 312.0 302.8 314.4 362.0 369.6 383.1 362.1 382.2 398.6 411.1 416.1 416.7 423.4 433.7 441.6 
60.0 346.4 321.1 361.7 373.4 392.3 376.6 420.3 428.9 432.9 431.4 466.4 474.8 489.6 493.9 494.4 603.3 614.7 624.6 
66.0 407.9 378.r 426.8 439.6 426.3 441.4 493.7 603.6 608.1 606.1 634.1 666.6 673.8 678.6 679.0 689.1 901.6 613.4 
60.0 474.9 440.4 494.4 610.2 494.9 611.8 672.2 683.4 688.4 686.8 618.1 644.1 893.7 868.9 669.2 880.6 894.4 708.3 

66.0 646.3 608.1 687.4 586.6 667.8 688.8 666.7 888.3 873.8 870.6 707.6 737.0 769.3 764.8 766.0 7-lT.8 792.7 808.9 
70.0 622.0 676.7 946.1 886.3 846.1 686.1 144.1 768.0 764.1 760.0 801.9 836.1 880.3 856.2 688.3 880.4 896.6 916.2 
80.0 
93.0 

766.0 726.3 812.0 8X.7 812.1 837.4 934.9 961.8 968.9 963.3 1006.7 1046.9 1078.2 1084.7 1084.6 1101.4 1120.3 1143.9 
986.1 891.6 996.4 1026.8 996.2 1026.1 1143.8 1164.0 1172.2 1194.7 1228.6 1278.6 1316.6 1323.8 1322.9 1342.8 1364.6 1393.6 

100.0 1161.9 1070.9 1194.3 1231.8 1193.8 1228.6 1370.2 1393.9 1403.1 1393.6 1489.7 1629.1 1674.2 1681.9 1680.8 1603.7 1628.6 1663.1 

160.0 2366. 2163. 2403. 247-f. 2400. 2463. 2742. 2786. 2801. 2777. 
200.0 
260.0 

g3W;. 3640. 3939;: 4046. :%8. iz:. %i, 
3142. 3137. 3177'. 3220. 3286. 

7667: I!%:' 
6880. iEd. 4017. 

4464. 4612. 6098. 6090. 6148. 6181. 
300.0 

%8?2. 8961: 
7698. rs41. n29: 

4638. %Z 6831. 6486. 8903. 
8946. 8893: 

6632. %%87: ?066: 7291: 7380. 7360. 7468. r460. 'l867. 8748. %3. 
8196. 9274. 9490. 9707. 

360.0 9884. IOIS?. 
9936. 9904. 10044. 10010. 10312: 

9933. 10096. 11223. 11616. 11400. 11271. 11883. 12141. 12636. 12726. 12682. 12868. 12796. 13192. 

400.0 12248. 11091. 12237. 12626. 12304. 12491. 13886. 14276. 14096. 13931. 1488%. 14990. 16480. 16723. 16667. 16899. 16786. 16282. 
460.0 14774. 13367. 14736. 16204. 14822. 16036. 16710. 17203. 16964. 16762. 17669. 18014. 18603. 18902. 18829. 19113. 18966. 19668. 
600.0 17434. 16763. 17363. 1?918. 17469. 11711. 19681. 20278. 19960. 19717. W783. 21192. 21882. 22240. 22160. 22487. 22288. 22997. 

. . . . . ..*.......*..IC........*..........*..........................~..............~..................**.................~............ 
E/P SI n %A LA Ps SX CD HO m LV TA aE IR AU Pa aI 60 In V 62 66 67 69 62 84 67 6% 71 r3 76 n 79 82 83 90 92 ..1..............+........................~.............................................*.........................................., 
2.6 11.61 12.06 13.01 13.26 13.76 14.47 14.90 16.46 16.79 16.11 16.46 16.81 

2: 

17.18 17.49 17.91 18.06 19.37 19.78 
13.72 14.26 16.21 16.44 16.96 16.79 17.29 17.97 18.36 18.76 19.13 19.63 19.98 20.34 20.79 20.93 22.36 22.80 
16.87 16.60 17.46 17.66 18.19 19.14 19.71 20.62 W.96 21.40 21.83 22.27 22.81 

::: 

23.21 23.69 23.82 26.36 26.86 
18.09 18.82 19.76 19.94 20.47 21.66 22.19 23.12 23.69 24.10 14.68 26.08 26.89 26.12 26.62 26.76 28.42 18.93 
20.37 21.19 22.11 22.29 22.83 24.03 24.73 26.78 26.29 26.87 27.39 27.90 28.62 29.08 29.62 29.74 31.64 32.09 

i:: 
22.72 23.66 24.66 24.72 26.26 26.67 27.34 28.61 29.07 29.70 30.27 30.82 31.82 32.12 32.69 32.80 34.73 36.31 

6.0 
26.16 26.18 27.08 27.22 27.76 29.20 30.04 31.32 31.92 32.61 23.22 33.81 34.70 36.23 36.84 36.94 38.00 38.62 

E 

27.66 28.80 29.68 29.80 30.34 31.90 32.81 34.21 34.86 36.90 36.28 36.88 37.86 38.42 39.06 39.16 41.36 42.02 
30.24 31.49 32.37 32.47 33.01 34.69 36.67 37.18 37.86 38.6? 39.37 40.04 41.09 41.70 42.3% 42.46 44.81 46.60 
32.91 34.28 36.14 36.22 36.76 37.66 38.61 40.24 40.96 41.83 42.68 43.26 44.42 46.W 46.78 46.86 48.36 49.08 

8.0 
9.0 

38.60 40.10 40.93 40.97 41.49 43.66 44.76 46.62 47.41 48.40 49.26 60.02 61.33 62.06 62.86 62.91 66.70 66.62 

10.0 
44.42 46.26 47.07 4'1.06 47.66 49.90 61.24 63.36 64.21 66.33 66.27 67.12 68.61 69.40 60.28 60.32 93.44 94.34 

11.0 
60.67 62.77 63.66 63.49 63.97 66.68 68.08 go.42 61.36 62.61 83.66 94.68 88.24 67.11 68.09 68.11 71.67 72.66 

12.0 
67.26 69.62 Bo.37 go.26 60.71 83.60 96.27 67.86 88.87 70.26 11.40 12.40 74.24 76.19 16.27 76.28 80.08 81.16 
64.17 66.81 67.63 67.36 81.?9 70.97 72.81 76.64 ?6.73 78.24 79.60 80.68 82.80 83.83 84.81 84.79 88.98 90.14 

16.0 88.87 90.43 91.06 SO.70 90.99 96.11 9r.48 101.08 102.40 104.34 106.94 107.27 109.86 111.14 112.67 112.67 ll?.S'l lIS.44 
10.0 131.10 136.40 136.83 136.12 136.11 141.97 146.36 160.34 162.06 164.76 166.99 166.77 162.40 164.09 166.34 168.10 173.82 176.86 
26.0 183.06 190.38 190.67 189.46 189.03 199.86 WI.37 20?.8? 209.99 213.64 216.60 216.77 223.64 226.66 228.?7 228.38 238.78 241.46 
30.0 242.43 262.06 261.99 260.39 249.43 269.47 z(J6.24 273.38 276.93 280.40 294.16 296.97 292.97 296.64 199.66 299.07 312.60 316.89 
36.0 We.98 321.16 320.79 318.66 31t.O? 329.63 336.68 346.67 349.67 366.04 369.67 393.07 370.40 373.41 378.67 377.89 394.68 398.86 

40.0 
46.0 

382.6 397.4 396.7 394.0 391.7 406.8 416.4 427.2 430.7 43'7.2 442.8 446.8 466.6 469.0 466.6 464.6 486.0 490.0 

60.0 
492.6 480.7 479.6 476.2 473.1 491.0 601.3 616.0 616.9 626.6 633.2 637.9 648.2 662.1 660.1 668.8 683.3 689.2 

cc?: 

649.3 670.6 669.2 666.1 661.0 682.0 694.0 809.8 614.2 623.1 630.8 836.2 648.1 662.4 881.9 860.4 889.2 899.1 
642.3 667.2 966.3 980.4 666.3 679.6 693.3 711.3 716.3 726.6 736.3 741.4 766.0 769.8 771.0 789.2 802.6 810.4 
741.6 770.1 T67.7 762.1 766.8 783.6 'IB9.2 819.6 826.0 856.6 846.8 863.4 868.8 8T4.1 887.0 884.9 923.0 932.1 

66.0 
70.0 

846.6 879.2 676.4 809.8 892.4 693.7 911.4 934.0 940.1 963.0 964.3 972.0 989.3 996.0 1009.8 1007.3 1060.8 lotjO. 
967.6 994.3 991.0 983.6 974.8 1009.9 1029.7 1064.8 1061.4 1076.8 1088.6 1097.1 1118.2 1122.4 1139.2 1139.4 1186.1 1198.4 

80.0 1196.6 1242.3 1237.9 1226.6 1216.8 1290.0 1284.3 1314.6 1322.4 1339.8 1366.4 1366.7 1389.0 1398.0 1417.2 1413.6 1473.8 1487.8 
90.0 1467.4 1612.9 1607.2 1496.f 1480.7 1632.7 1661.9 1697.6 1606.7 1627.3 1646.1 1668.3 1669.0 1693.9 1719.8 1716.3 1788.1 1804.8 

100.0 1739.1 1606.1 1798.1 1764.2 1766.7 1827.2 1861.4 1903.0 dl3.3 1937.4 1969.6 1973.8 W09.1 2016.0 2046.9 2040.9 2128.9 2148.4 

150.0 3621. 347s. 3697. 3661. 
wo.0 2::. 

;;W;. 3649. 3736. 3763. 3?%7. 
8017: 8311: 

6737. 6691. 6619. 6806. 690%. 
250.0 8018. 6043. 6110. . . 

8303. 8236. 
s:- i%- 2%. 

8126. 8392. 
. 3s3*- %Z 

3988. 4166. 4192. 
8328. . 6408. 661%. 6732. 

300.0 10772. 11164. 11187. 11106. 10966. 11291. 1%:: I$%* I;%' 1%;. ,f%' 1%:' Ii?;:' 11"::;' I:$* ,z';;:' 127:;: 15;;: 
360.0 13779. 1427-l. 14334. 14244. 14046. 14462. 14647. 14911: 14933: 16100: 16293: 16366: 16647: 16931: 16878: 16827: 16113. 18631. 

400.0 17006. 17617. 1770%. 17610. 17368. 17842. 18071. 18394. 18413. 189.17. 18862. 18930. 19169. 19298. 19672. 19610. 19821. 10368. 
460.0 W426. 21167. 11286. 2I1?1. W869. 21433. 21699. 22082. 22097. 22342. 22640. 22716. 22983. 23118. 23482. 23406. 23750. 24407. 
500.0 24016. 24873. 26038. 24911. 24663. 26202. 26606. 26962. 26963. x260. 29603. 29686. 26993. 27166. 27683. 27496. 2,872. 28963. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

mscIMIIc 3TOPPIlS POWER II UlITS OF nlW/tlv3/sq al) 
40 

Aa 106s 
18 

wA Ia 2 121E 13fi llS1 2oa 22n 24QL 27 2a’I 2ga 32GE 34SE s8= 4oyL 4zm 4P 4;G 4 . ..***.*.*+*..I+.**+...*..***..****.....*..~**~*.*****.******.***.~.*****.*.*.*...****~**.*.**..***..*~****.***.~.****.*.*.**..~..~~ 
::: 

22.93 23.24 18.08 17.33 17.64 16.31 14.18 13.68 13.23 12.96 12.10 11.49 10.96 10.68 10.68 10.21 9.68 
21.31 2l.?4 17.28 16.68 16.90 16.71 13.69 13.10 12.86 12.62 11.87 11.23 10.73 10.48 10.39 10.04 9.44 
19.88 26.38 16.46 16.82 16.14 16.07 13.16 12.69 12.41 12.22 11.60 10.90 10.43 $2; '"9.:: 9.80 9.23 
18.82 18.10 16.88 16.09 16.41 14.U 12.84 12.20 11.96 11.79 11.10 10.64 lOgA; 
17.62 18.10 14.98 14.40 14.73 13.83 12.13 11.73 11.60 11.37 10.71 10.17 . e:s7 9:60 

9.61 8.98 
9.22 8.71 

::: 18.64 16.87 il.14 18.28 14.29 13.a8 13.77 13.18 14.09 13.49 13.27 12.74 11.66 11.20 10.86 ii.28 11.07 10.66 10.98 10.67 '"8.3; 9.82 9.48 9.43 9.26 8.96 8.89 9.19 8.93 8.64 x.2 8.45 8.19 

710 it: 
14.80 lb.61 13.11 ll.(H 12.96 12.24 10.78 10.46 9:62 9.18 x4: 8.61 8.37 7188 
14.19 13.68 14.81 14.18 12.69 12.11 11.68 12.14 12.44 11.98 11.36 11.79 10.39 10.02 1Og.g . lOgA; 9:68 '"g.;: 9:63 1% . It:% 8.26 8:63 %:j . 8.08 8.33 8.11 7.86 7.46 7.68 7147 :.Kl 

8.0 12.46 13.07 11.26 10.86 11.14 10.60 9.37 9.11 8.93 7.76 7.41 7.06 7.06 

1110 1:: 
11.63 II.14 

l;.:; pg 
10.16 10.42 8.66 

XG 
. 8.41 

P% E 
7.32 

T% 5% 
6.67 

10.76 10.07 11.34 10.84 XG 

a:so 

KX Ei * 8.07 

8:74 2% 

x*:x 7183 

;:1 

;:i ;*z: 

7:16 

7.12 7:61 3:;; 

6:47 

6.93 6.68 6:83 6.48 s:so 6.46 ;;Tg l*XF 6:07 6.02 8.33 

12.0 9.48 10.04 . 7.43 . 6.77 6.26 0.18 8.18 8.02 6.80 6.74 

16.0 8.084 8.800 7.697 7.346 7.669 7.262 6.469 8.314 6.243 6.260 6.911 6.669 6.479 6.416 6.402 6.288 6.129 6.068 

1:: 6.642 6.631 8.SS7 6.837 8.224 6.302 8.022 6.132 6.204 6.281 6.981 6.113 4.606 6.332 4.476 6.222 6.170 4.436 4.466 6.lM 4.907 4.218 4.704 4.047 4.660 3.926 4.616 3.892 4.608 3.889 4.421 3.819 4.314 3.740 4.236 3.664 

3:: 4.814 4.278 4.816 6.182 4.a38 4.137 4.482 4.008 4.632 4.136 4.486 4.009 4.009 3.687 3.934 3.622 3.902 3.496 3.822 3.616 3.714 3.330 3.666 3.198 3.106 3.461 3.436 3.086 3.434 3.086 3.376 3.036 3.314 2.984 3.243 2.918 

Zt:: 3.(Ml 3.627 4.173 3.818 3.746 3.428 3.629 3.323 3.430 3.744 3.634 3.332 3.264 2.986 3.197 2.934 3.174 2.914 3.194 2.934 3.026 2.780 2.872 2.908 2.824 2.696 2.807 2.682 2.808 2.683 2.764 2.646 2.722 2.608 2.661 2.461 

so:0 C.8 

3.263 3.628 3.188 3.072 3.171 3.083 2.763 2.717 2.699 2.718 2.677 2.477 2.407 2.396 2.397 2.362 2.330 2.277 

3.024 2.830 3.281 3.074 2.861 2.766 2.861 2.881 2.963 2.768 2.873 2.696 2.677 2.417 2.378 2.634 2.618 2.384 2.637 2.382 2.269 2.406 2.313 2.172 2.247 2.111 2.237 2.102 2.240 2.106 2.078 2.208 2.179 2.060 2.129 2.003 

A:8 2.aa3 2.617 2.894 2.738 2.000 2.446 2.627 2.382 2.608 2.469 2.640 2.408 2.160 2.280 2.243 2.126 2.230 2.114 2.248 2.131 2.132 2.021 2.061 1.944 1.890 1.993 1.986 1.884 1.988 1.866 1.962 1.862 1.937 1.639 1.894 1.798 

1oo:o Z-8 

2.276 2.478 2.236 2.16a 2.238 2.182 1.900 1.930 1.920 1.936 1.837 1.767 1.718 1.713 1.716 1.694 1.674 1.638 

2.Oab 1.928 2.273 2.104 2.060 1.900 1.888 1.843 2.063 1.903 2.004 1.868 1.801 1.670 1.773 1.646 1.637 1.786 1.780 1.663 1.689 1.668 1.626 1.609 1.680 1.467 1.676 1.464 1.679 1.467 1.660 1.460 1.642 1.433 1.609 1.404 

160.0 1.439 1.676 1.427 1.386 1.429 1.398 1.268 1.241 1.238 1.249 1.186 1.142 1.110 1.109 1.112 1.100 1.088 1.088 

2:: 1.031 1.180 1.307 1.143 1.164 1.037 1.006 1.147 1.177 1.028 1.164 1.016 0.914 1.043 0.888 1.024 0.902 1.028 0.913 1.040 0.986 0.866 0.972 0.863 0.940 0.826 0.920 0.809 0.924 0.812 0.912 0.799 0.810 0.922 0.889 0.783 

ix 0.928 0.866 0.949 1.030 0.936 O.M3 0.907 0.836 0.929 0.866 0.918 0.847 0.827 0.783 0.798 0.736 0.816 0.763 0.783 0.826 0.784 0.724 0.771 0.712 0.746 0.889 0.732 0.677 0.736 0.680 0.724 0.869 0.734 0.878 0.710 0.868 

400.0 0.7994 0.8873 0.8078 0.7826 0.8017 0.7932 0.7143 0.6890 0.7066 0.7160 0.6796 0.8673 0.6469 0.8346 0.6378 0.6276 0.6361 0.6166 
460.0 0.7668 0.8391 0.7a46 0.7406 0.7689 0.7610 0.6764 0.6631 0.6-4 0.8776 0.6430 0.6321 0.6120 0.6016 0.8046 0.6960 0.6030 0.6838 
600.0 0.7208 0.8004 0.7299 0.7069 0.7246 0.7171 0.6480 0.6243 0.6386 0.8474 0.6146 0.6038 0.6848 0.6760 0.6779 0.6689 0.6766 0.6682 

..+.........+.++....,................,..,..,..**....~......*..........*...,,,.,,...............,*..................~................ 

wA sI 6276 St? 67" 6Bm 62" ylcD 67" 891w 71Lu 73" 7SRE 771R 79*" 8ZpB 6? 90m 92" 60 
r~.*.*...rir~r~r~**.**~..****~~~**~*~*.*~*.*~~~*~~~~**~**~~*******.******.~*.*..******~~~~~~~~****~~~********~~~*~******~~*~*****~** 

3:: 8.9(11 8.a83 8.686 8.484 8.632 8.637 8.700 6.804 8.836 8.666 8.168 8.106 7.673 7.916 7.487 7.474 7.334 7.334 7.149 7.168 7.018 7.033 6.908 6.930 6.664 6.699 6.618 6.684 6.619 6.662 6.638 6.670 8.279 6.306 S.209 6.236 
3-i 

4:s 

8..696 8.472 8.112 8.322 8.382 8.160 8.213 8.428 8.392 8.189 7.786 7.960 7.746 7.676 7.376 7.230 7.247 7.113 7.081 8.966 8.961 8.842 8.864 6.760 8.847 6.647 6.687 6.468 6.600 8.401 6.618 6.418 6.166 6.263 6.087 6.184 

8.232 7.986 7.S22 7.984 7.968 7.686 7.386 7.063 6.966 6.806 8.698 6.611 0.419 6.344 6.276 6.293 6.034 6.967 

::: 7.988 7.749 7.666 7.430 7.163 7.691 7.760 7.620 7.618 7.742 7.380 7.174 7.189 8.991 8.706 6.886 6.613 6.786 6.646 6.480 6.380 6.641 8.480 6.303 6.132 6.278 6.061 6.206 8.139 6.996 6.166 6.011 6.900 6.761 6.836 6.698 

t:; . 7.617 7.286 7.083 7.210 8.889 8.787 7.241 7.028 8.826 7.297 7.083 8.878 7.289 7.089 6.888 6.776 6.6s8 6.972 6.797 6.009 6.428 6.628 6.366 6.187 6.442 6.274 6.111 6.316 6.162 6.996 6.220 6.Oal 6.907 6.146 6.841 6.991 6.983 6.837 6.693 6.916 6.772 6.631 6.860 6.707 6.667 6.682 6.866 6.722 6.621 6.483 6.348 6.660 6.424 6.291 

1o:o t-8 

8.888 a.422 8.44S 8.498 6.614 6.237 8.089 6.871 6.803 6.697 6.616 6.666 6.420 6.363 6.300 6.314 6.092 6.037 

6.016 6.334 6.083 6.778 6.109 6.803 6.166 6.847 6.176 6.889 6.919 6.630 6.781 6.602 6.682 6.318 6.621 6.263 6.423 6.172 6.347 6.101 6.291 6.049 4.936 6.167 4.886 6.114 4.827 6.064 6.068 4.839 4.864 4.636 4.803 4.688 

:::: 6.727 6.4a7 6.604 6.266 6.626 6.278 6.66S 6.317 6.693 6.343 6.369 6.132 6.018 6.248 4.8aO 6.078 4.014 6.028 4.943 4.734 4.877 4.671 4.828 4.626 4.721 4.626 4.676 4.484 4.619 4.428 4.630 4.439 4.436 4.263 4.390 4.209 

16.0 4.818 4.633 4.663 4.689 4.717 4.637 4.440 4.309 4.272 4.206 4.161 4.113 4.029 3.996 3.6'43 3.963 3.788 3.760 

28 4.042 3.499 3.889 3.389 3.906 3.383 3.936 3.409 3.966 3.438 3.316 3.820 3.741 3.249 3.840 3.160 3.612 3.144 3.668 3.100 3.616 3.063 3.038 3.486 3.419 2.983 3.393 2.963 3.347 2.921 3.366 2.929 3.217 2.800 3.186 2.781 
it8 3.098 2.700 2.884 2.887 2.898 2.S90 3.020 2.720 3.047 2.746 2.941 2.861 2.883 2.doO 2.639 2.813 2.796 2.624 2.767 2.491 2.726 2.462 2.703 2.444 2.666 2.401 2.640 2.389 2.602 2.364 2.609 2.360 2.602 2.264 2.242 2.478 

ii:"0 2.644 2.514 2.461 2.268 2.461 2.268 2.481 2.286 2.606 2.310 2.421 2.232 2.376 2.191 2.321 2.142 2.308 2.131 2.278 2.104 2.262 2.080 2.236 2.066 2.198 2.031 2.187 2.022 2.166 1.992 2.160 1.997 2.073 1.916 2.053 1.898 

ii:: 2.037 2.178 2.098 I.963 2.108 1.972 1.888 2.124 2.147 2.010 2.076 1.943 2.037 1.908 
1.798 

1.993 1.857 1.983 1.866 1.968 1.836 1.936 1.816 1.923 1.802 1.774 1.892 1.884 1.783 1.866 1.739 1.744 1.860 1.786 1.674 1.769 1.669 
OG.0 1.917 1.847 1.866 1.870 1.891 1.829 1.769 1.760 1.729 1.710 1.698 1.672 1.666 1.640 1,044 1.678 1.664 

%8 1.721 1.812 1.747 1.668 1.764 1.606 .1.878 1.708 1.789 1.699 1.844 1.73.0 1.099 1.614 1.004 1.682 1.667 1.674 1.837 1.66a 1.619 1.639 1.609 1.629 1.693 1.606 1.678 1.600 1.477 1.663 1.667 1.481 1.496 1.422 1.482 1.409 

loti it: 
1.668 1.611 1.618 1.630 1.649 1.499 1.472 1.443 1.437 1.421 1.406 I.390 1.376 1.371 1.349 1.363 1.299 1.288 
l.U6 1.344 1.2S6 1.393 1.399 1.301 1.410 1.312 1.428 1.328 1.382 1.280 1.368 1.264 1.332 1.240 1.326 1.236 1.311 1.221 1.297 1.208 1.289 1.201 1.270 1,183 1.266 1.180 1.247 1.162 1.260 1.166 1.200 1.118 1.109 1.190 

160.0 1.023 0.886 0.890 0.898 1.012 0.961 0.984 0.948 0.944 0.936 0.926 0.919 0.907 0.904 0.890 0.893 0.867 0.860 

ii%:: 0.862 0.760 0.822 0.724 0.822 0.716 0.722 0.829 0.841 0.733 0.712 0.816 0.802 0.706 0.789 0.693 0.787 0.693 0.778 0.686 0.676 0.771 0.766 0.674 0.760 0.667 0.662 0.764 O.~Sl 0.743 0.746 0.664 0.736 0.649 0.712 0.629 
E:8 0.680 0.628 0.660 0.607 0.049 0.601 0.861 0.803 0.601 0.612 0.6U 0.6S8 0.692 0.640 0.629 0.682 0.629 0.683 0.622 0.670 0.613 0.668 0.5312 0.667 0.606 0.661 0.601 0.667 0.692 0.648 0.560 0.694 0.646 0.690 0.629 0.671 

> 
400.0 0.6897 0.6890 0.6838 0.6667 0.6743 0.6614 0.6668 0.6408 0.6471 0.6411 0.6334 0.6326 0.6270 0.6234 0.6163 0.6169 0.6130 0.49'18 
460.0 0.6602 0.6402 0.6349 0.6367 0.6U8 0.6327 0.6273 0.6187 0.6192 O.Lt30 0.6094 0.6064 0.6004 0.4970 0.4893 0.4909 0.4869 0.4728 
600.0 0.6348 0.6107 0.6117 0.6134 0.6212 0.6096 0.6046 0.49S3 0.4988 0.4916 0.4847 0.4637 0.4790 0.4768 0.4086 0.4699 0.4660 0.4626 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAllGE II UJITS OF tlG/SG a 
4G 

AR IOQS 
18 

E/P BE 
SC 12 

I42 AL SI CA l-I CR Fe II aJ GE SE SR ZFt II0 RB 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4jG 

~..~..*,*.....**..*..**..**.....***..*...**.*.*...*.***..*....*.....*.*.**~..********~**.**.....*.*.*.**...~...*.*~...***.....*....* 

2: 4.780 6.686 4.680 6.470 8.449 7.681 6.420 7.699 6.290 7.448 7.470 8.719 6.100 9.636 10.046 8.661 10.423 8.890 10.793 9.230 11.083 9.420 10.030 11.769 10.360 12.204 10.866 12.746 11.060 12.966 11.260 13.233 13.789 11.607 11.910 14.011 

2: 
4:s 

6.667 7.697 8.421 7.433 10.014 8.768 10.130 8.836 8.668 9.927 10.018 11.374 11.026 12.676 11.693 13.201 12.007 13.649 12.404 14.070 12.796 14.666 13.697 16.463 14.096 16.043 14.67s 16.671 14.916 16.923'17.319 16.248 16.996 la.244 16.162 18.349 
8.806 8.606 11.320 11.487 11.264 12.790 14.191 14.873 16.355 16.797 16.400 17.394 18.068 18.727 18.994 19.466 20.648 20.610 

6.0 9.981 9.842 12.888 12.908 12.843 14.286 16.873 16.611 17.128 17.689 18.301 19.396 20.141 20.863 21.134 21.669 22.913 22.941 
6.6 11.224 10.840 14.119 14.393 14.094 16.806 17.624 18.419 18.989 19.447 20.273 21.468 22.298 23.062 23.348 23.936 26.346 26.346 
8.0 12.634 12.098 16.613 16.943 16.608 17.407 19.444 20.2913 lO.880 21.374 22.316 23.614 24.629 26.326 26.633 26.287 27.847 27.828 
6.6 13.910 13.418 17,170 17.666 17.184 19.072 21.333 22.244 22.861 23.369 24.431 26.836 26.836 27.674 27.996 26.716 m.420 30.387 
7.0 16.363 14.799 18.790 19.238 18.822 2Q.801 23.293 24.262 24.913 26.433 28.619 28.130 29.220 Jo.099 30.433 31.219 33.087 33.026 

8.0 18.43 17.74 22.22 22.79 22.29 24.46 27.42 28.61 29.23 29.77 31.21 32.96 34.22 36.18 36.64 36.46 38.68 38.64 

109:: 21.77 26.37 20.92 24.33 26.90 29.83 30.68 26.61 33.00 29.97 32.60 28.36 31.84 38.63 33.04 37.86 33.83 38.71 34.39 39.28 36.10 41.29 38.07 43.60 46.16 39.63 40.68 48.28 40.96 46.68 42.02 47.88 44.41 60.63 44.38 60.64 

:::: 33.31 29.22 27.97 31.86 34.01 38.43 39.68 36.00 34.17 38.63 36.91 41.66 41.60 46.74 42.98 48.33 43.88 49.32 44.46 49.91 46.76 62.63 49.23 66.26 61.08 67.31 62.30 68.02 62.72 69.06 60.66 64.013 03.70 66.96 67.02 63.83 

16.0 47.07 44.81 63.16 64.61 63.43 68.99 64.11 66.11 67.31 67.89 71.65 76.14 T1.86 79.42 79.92 81.87 86.74 86.16 

?i:: 108'14 74 76 
147101 

1Ol:SO 70 76 117 82.40 36 
167178 

121 86.06 16 
162:92 

117 82.60 64 
168:34 

123 87.60 80 
166:87 

139 99.37 04 
186:Sl 

101 142'63 12 
130:41 

102.70 144 60 
192:79 

103.19 144 94 
192:sl 

106.87 162 98 
2Q3:62 

114.09 160 07 
3G.0 136.06 212:86 

166.46 118.06 120.06 167.92 120.64 168 66 123.A3 172.26 
219.86 222.76 223141 228.09 

126.44 178 36 
236:32 

129.66 180 48 
238:62 

36.0 191.18 179.03 203.63 210.14 204.13 212.92 238.76 244.24 247.06 246.87 280.69 272.18 280.98 264.29 284.97 290.68 299.03 303.76 

E 240.6 294.7 224.7 274.8 310.3 264.4 262.7 320.3 310.9 266.0 286.4 322.9 361.6 297.4 303.9 369.3 307.2 373.0 372.1 Jo8.6 323.7 392.7 337.9 409.7 348.6 422.6 362.3 426.7 427.3 363.0 369.8 436.3 369.3 446.9 376.8 464.0 
2: 363.8 417.7 329.4 388.2 371.0 436.4 383.0 460.6 371.6 437.0 386.4 462.7 431.3 608.3 440.2 616.6 444.4 621.2 442.9 619.2 407.6 647.9 487.6 671.1 602.8 688.7 607.2 693.7 607.8 694.2 804.6 617.0 617.6 628.7 629.6 638.7 

80.0 486.1 461.3 606.6 622.7 607.0 624.6 686.6 698.0 603.2 800.6 633.8 880.4 880.6 886.9 686.3 698.1 712.2 726.6 

%:: 836.3 669.0 618.4 689.6 880.0 681.0 881.0 699.6 680.3 681.6 801.1 682.0 671.8 761.9 684.6 778.3 690.4 782.6 887.0 778.4 724.9 821.3 766.2 866.4 778.2 881.3 783.9 887.3 784.2 887.6 797.2 901.9 812.7 918.7 829.3 937.7 

100:0 Et: 

803.6 743.2 830.6 867.0 830.8 868.8 966.6 974.0 981.4 976.6 1029.3 1071.6 1103.6 1110.4 1110.2 1127.6 1146.9 1171.1 

1187.1 987.6 1094.9 911.9 1017.7 1220.6 1049.8 1268.9 1017.6 1220.1 1048.4 1266.9 1169.8 1400.7 1190.6 1424.9 1434.6 1198.9 1191.3 1424.7 1266.6 1602.6 1307.8 1663.4 1348.7 1809.6 1364.0 1617.6 1363.4 1616.6 1373.8 1640.0 1396.1 1666.4 1426.8 1700.8 

160.0 :;::. 2209. 2463. 2629. 2460. 2616. 2800. 2844. 2860. 2836. 2990. 3108. 3198. 3208. 3204. 3246. 3289. 3366. 
200.0 

6771: 
3614. 4004. %~ 4003. 4099. 4660. 4031. 4648. 4604. 4664. 6003. 6168. 6202. 6192. 6264. 6288. 6423. 

260.0 6267. 6816. 
8099 : 

6631. 6948. 6617. 6736. 6734. 6664. 7026. 7208. 7438. 7629. 7609. 7809. 7611. 7829. 
300.0 7820. 7106. 7861. 7883. 8024. 8922. 9123. 9071. 8972. 9460. aaao. 9993. 10134. 10102. 10246. 10210. 10618. 
360.0 10068. 9131. 10080. 10399. 10130. 10296. 11446. 11743. 11626. 11496. 12119. 12383. 12787. 12979. 12936. 13124. 13061. 13464. 

400.0 12490. 11313. 12478. 12874. 12647. 12736. 14169. 14667. 14376. 14206. 14377. 16287. 16786. 16036. 16976. 16214. 16098. 16606. 
460.0 16066. 13633. 16026. 16604. 16114. 16332. 17040. 17641. 17288. 17082. 18007. 18369. 18970. 19276. 19200. 19490. 19331. 19944. 
600.0 17777. 16076. 17704. 18269. 17812. 18069. 10067. 20676. 20362. 20106. 21191. 21809. 22316. 22678. 22686. 22930. 22726. 23460. 

.~.**..*...*,**~..*****~.**.*.*.******.***~...*.**~***~.**~.**~*****.*.*******..******.~***.*..*.~..****.*.*.*...*.*~.**~**~**~..**. 
E/A SD TE B.A LA PR SH CD ED ln IJJ IA. RE IR AU PB BI nl 

60 62 66 67 69 82 84 67 69 71 73 76 77 79 82 83 90 92" 
*.***..1**1***.**+~*..~***.**~**********.*.*..******.******.*******************~********.**.**.**~*.*..~**~**~*.***~****.**~**~..*** 

2.6 12.61 12.98 14.02 14.29 14.82 16.68 16.04 18.63 16.98 17.33 17.69 18.08 18.48 18.81 19.26 19.42 20.82 21.27 
3.0 14.76 16.32 18.36 18.60 17.16 18.04 18.67 19.30 19.71 20.12 20.63 20.96 21.46 21.84 22.32 22.47 24.00 24.48 

i:: 17.02 19.36 20.13 17.70 21.14 18.72 18.96 21.36 21.92 19.61 20.63 23.07 21.13 23.74 21.99 24.73 22.46 26.23 22.93 26.78 23.39 28.29 23.86 26.80 27.47 24.44 24.87 27.93 26.38 28.48 26.52 28.61 27.18 30.40 27.70 34.96 
4.6 21.74 22.63 23.63 23.82 24.40 26.67 26.41 27.63 28.08 28.68 29.24 29.79 30.66 31.08 31.63 31.76 33.68 34.27 

6.0 24.21 26.21 26.19 26.36 2-3.94 28.34 29.16 30.40 30.99 31.86 32.26 32.86 33.71 34.24 34.86 34.97 37.04 37.86 

It: 26.76 29.37 30.69 27.86 31.66 28.83 31.68 28.98 29.68 32.26 31.09 33.92 31.98 34.66 33.34 Jo.36 33.97 37.04 34.70 37.63 38.63 36.36 36.98 39.20 40.23 38.93 37.60 40.84 38.16 41.63 41.63 38.26 40.47 43.98 41.13 44.68 
6.6 32.07 33.41 34.36 34.47 36.04 30.83 37.86 39.47 40.16 41.04 41.79 42.49 43.62 44.27 44.99 46.08 47.68 48.33 
7.0 34.88 38.31 37.24 37.33 37.91 39.82 40.93 42.86 43.41 44.33 46.13 46.87 47.09 47.77 48.64 48.62 61.28 62.06 

8.0 40.67 42.36 43.27 43.32 43.88 48.08 47.33 49.29 60.13 61.18 52.08 62.90 64.29 66.06 65.90 66.97 68.94 69.81 
9.0 48.82 48.77 49.66 49.64 60.19 62.86 64.07 66.26 57.20 68.38 69.38 80.28 61.86 62.69 83.63 63.68 66.99 87.94 

10.0 63.30 66.61 66.37 66.31 66.84 69.68 61.17 63.63 64.62 66.93 67.04 68.02 69.77 70.70 71.73 71.76 76.42 76.47 
11.0 60.12 62.61 63.43 83.32 83.82 66.88 68.61 71.33 72.40 73.86 76.08 76.12 78.06 79.07 80.21 80.21 84.26 86.38 
t2.0 87.27 70.06 70.84 70.68 71.14 74.48 76.41 79.38 80.63 82.12 83.44 84.69 86.72 87.81 89.06 89.03 93.46 94.89 

16.0 90.70 94.42 96.12 94.78 96.10 99.40 101.89 106.68 107.04 109.07 110.76 112.16 114.87 116.21 117.83 117.73 123.41 124.36 
20.0 136.22 141.74 142.24 141.62 141.64 147.66 161.17 166.37 168.16 160.97 163.31 166.18 168.96 170.74 173.09.172.88 180.92 183.06 
26.0 189.67 197.17 197.43 198.29 196.88 204.02 208.70 216.46 217.67 221.36 224.43 226.81 231.76 233.99 237.22 236.82 247.66 260.44 

80.0 260.44 260.39 260.39 268.78 267.81 288.21 274.19 282.62 286.27 289.91 293.81 296.74 302.96 306.63 309.90 309.32 323.2% 328.78 
36.0 316.68 331.16 330.86 328.66 327.07 339.98 347.36 367.68 380.69 MB.36 371.16 374.68 382.27 386.39 390.84 390.04 407.43 411.76 

z:: 393.8 476.7 409.2 494.3 408.8 493.3 406.8 469.8 403.4 466.6 419.0 606.1 427.9 616.7 440.1 629.9 443.7 633.9 460.4 641.9 466.2 480.4 663.6 469.4 473.0 479.7 478.7 499.9 606.1 
648.7 664.1 688.2 676.4 676.1 600.3 808.6 

60.0 664.3 696.2 684.8 680.7 676.6 698.1 610.4 620.7 631.3 640.6 646.4 664.0 680.2 670.7 680.6 679.0 708.8 716.7 
66.0 669.3 684.9 483.0 878.1 672.8 897.8 712.0 730.6 736.6 740.1 766.2 761.6 776.6 780.6 791.9 790.1 824.4 832.6 
80.0 760.6 789.9 787.6 781.9 776.6 803.9 820.1 840.9 846.6 868.4 868.8 876.9 891.7 897.1 910.4 908.2 947.6 966.8 

66.0 868.0 ml.3 898.6 891.9 884.3 916.4 934.6 967.9 984.1 977.4 989.1 997.0 1014.7 1020.6 1036.8 1033.3 1077.8 
70.0 981.3 1018.9 

1088.2 
1016.6 1008.0 999.0 1036.1 1066.4 1081.2 1068.0 1102.6 1116.8 1124.6 1144.3 1160.6 1167.9 1166.0 1216.0 

80.0 1226.2 1271.9 1267.6 1267.8 1246.0 1290.3 
1226.7 

1316.2 1346.3 1364.3 1372.2 1388.2 1398.8 1422.7 1429.9 1461.6 1447.9 1609.7 
90.0 1491.2 1648.0 1642.3 1630.6 1616.3 

1624.0 
1668.6 1696.4 1636.1 1644.4 1606.6 1684.7 1697.3 1726.7 1733.9 1760.3 1766.8 

100.0 1778.6 1846.1 
1830.4 1847.6 

1839.1 1824.9 1806.0 1868.9 1904.0 1946.6 1967.2 1981.9 1004.6 2019.1 2062.2 2081.4 2093.0 2087.6 2176.0 2196.0 

150.0 2%: 3a3a. 3024. 3696. 3663. 3673. 3739. 3816. 3833. 3878. 3921. 3947. 4008. 200.0 4022. 4086. 4074. 6878. 6866. bBO8. 6736. 6926. 8028. 6142. 6166. 8346. 

250.0 6179. 

6232;. $g. 
6438. 6469. 6660. 6641. 

‘mt. 
. 

4242;. 
. 

8479. 8471. 8403. 8291. 8602. 6699. 8860. 8887. 
3G0.0 10988. 11388. 11412. 11330. 11176. 11617. 11664. 11896. 11923. 12066: 12204: 1%:' l:$$* 
360.0 14064. 14661. 14619. 14627. 14326. 14740. 14939. 16209. 16231. 16401. 16698. 161Ml: 16867: 

12":::' 
16943: 

l%? $3;' 
16193: 16143: 

1%::' 
16436: 

1% 
16861. 

400.0 17343. 17968. 16060. 17966. 17703. 18196. 18430. 18769. 18778. 18987. 19236. 19306. 
460.0 20829. 21676. 

19639. 19980. 19897. 20216. 20762. 
21710. 21669. 

19661. 
21281. 21867. 22127. 22619. 24890. 

600.0 
22634. 22784. 23066. 23164. 24220. 

24486. 26363. 26631. 
23438. 23676. 23947. 23871. 

26406. 26041. 26698. 26000. 26443. 2?3474. 26767. 27127. 27211. 27626, 17692. 2.9127. 28036. 29422. 29218. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for, Heavy Ions 
See page 8 for Explanation of Table 

39 
~ECTROIIC 6IOPPIIG PDifZR I6 MIIS OF lW/(HG/SQ Cn) K 101.4 

IS 

VA EE m AL SI CA TI a FZ 11 QI GE sn SR ta HO an 
4 EC 12 I3 I4 20 22 24 28 28 29 32 34 38 40 42 46 4;" 

. . . . . ..*......**...+......**..****...*~..**...**..*..**.~...*...**...*..~.**.**.**.****.**~****.*...*..****...**..**.*..*.**...**... 
24.93 26.10 19.47 18.67 19.00 17.64 16.22 14.69 14.21 13.91 13.06 12.33 11.76 11.46 II.36 10.96 9.84 10.24 
23.22 23.80 18.06 17.91 18.29 10.96 l4,74 14.19 13.46 13.90 12.74 12.09 Il.66 II.28 11.14 10.81 9.82 10.14 
2l.70 22.14 17.82 17.13 17.48 14.30 14.23 l3.7l l3.41 13.20 12.42 11.77 11.24 Il.00 IO.92 10.67 8% 9.96 

19.18 19.74 14.27 16.44 14.01 16.02 13.17 il.73 il.48 12.33 11.42 11.03 IO.68 10.37 10.30 . 9:2a 9.44 
20.34 20.90 17.02 14.37 14.72 16.46 13.70 13.22 12.94 '12.77 12.02 II.40 10.93 10.49 10.41 IOg.2 9.70 

::: 
El 
4:6 

::: 

x2 
710 

E 
1o:o 
11.0 
12.0 

40.0 
46.0 

ix 
so:0 

4Go.o 

KS 

18.13 la.74 16.67 14.99 16.34 14.43 12.47 12.24 12.03 Il.91 11.22 lo.47 9.98 9.49 9.06 a.17 
17.19 17.82 14.92 14.37 l4.7l 13.87 l2.20 Il.82 ll.GO il.60 10.44 10.31 9.47 9.40 8.81 8.90 
14.36 14.99 14.32 13.80 14.13 13.36 II.74 11.40 11.20 11.12 10.48 9.84 9.37 9.11 8.68 
16.69 14.24 13.74 13.27 13.40 12.87 Il.34 11.01 IO.82 10.76 9.08 8.84 8.36 x4i 
l4.91 16.64 13.26 12.74 13.10 12.42 10.96 10.44 lo.47 10.40 

I;.;; 
. 

"9.4$ 
. 8.41 8.68 8.13 8:16 

13.71 14.34 12.33 11.90 12.21 11.40 IO.26 9.97 9.82 9.77 a.49 8.36 8.31 8. IO 7.71 7.70 
l2.7l 13.36 11.64 il.14 Il.43 IO.49 Et B.22 8.02 7.33 7.30 

11.86 12.44 IO.84 8.72 

T.2 TZ 

11.11 11.73 I;.;; 1Og.t; 
s:34 

$2; 
is3 

I;.;! 
e:2i 

4:2e 8.27 5% 
4:88 

7:12 7109 

5% 

4:93 8.98 4.47 x3 
10.47, 11.07 . 7.48 7.87 4.79 4.77 4.41 4.38 4131 

4.941 9.434 8.384 8.106 8.341 8.009 7.122 4.962 4.882 4.490 4.614 9.238 4.033 6.906 6.962 6.827 6.461 6.670 
7.244 7.742 4.886 4.442 4.862 4.4l3 6.896 6.773 6.716 6.732 6.424 6.199 6.040 4.989 4.981 4.886 4.744 4.480 
4.134 4.674 6.876 6.447 6.942 6.G64 6.067 4.967 4.913 4.933 4.4771 4.481 4.347 4.309 4.306 4.227 4.140 4.069 
6.343 6.747 6.146 4.983 6.138 4.974 4.444 4.343 4.324 4.348 4.118 3.963 3.837 3.808 3.804 3.741 3.473 3.694 
4.761 6.122 4.694 4.460 4.690 4.449 3.981 3.909 3.878 3.901 3.496 3.649 3.444 3.423 3.423 3.347 3.311 3.238 

4.290 4.433 4.141 4.031 4.169 4.037 3.414 3.661 3.626 3.647 3.361 3.229 3.l34 3.117 3.l18 3.049 3.022 2.964 
3.920 4.241 3.812 3.494 3.812 3.703 3.317 3.240 3.238 3.20 3.049 2.989 2.884 2.849 2.870 2.827 2.784 2.723 
3.417 3.9l8 3.624 3.4l4 3.626 3.427 3.072 3.020 3.000 3.022 2.844 2.763 2.476 2.692 2.864 2.426 2.699 2.630 
3.343 3.947 3.282 3.142 3.246 3.196 2.8Gb 2.4l8 2.800 2.821 2.474 2.672 2.499 2.488 2.490 2.466 2.423 2.388 
3.148 3.4l7 3.077 2.943 3.079 2.997 2.699 2.446 2.429 2.460 2.612 2.414 2.348 2.338 2.341 2.309 2.280 2.228 

2.963 3.218 2.899 2.811 2.902 2.824 2.637 2.496 2.482 2.601 2.372 2.281 2.217 2.209 2.212 2.182 2.166 2.107 
2.901 3.046 2.746 2.442 2.748 2.477 2.403 2.366 2.362 2.372 2.249 2.144 2.103 2.096 2.099 2.071 2.044 2.001 
2.634 2.768 2.488 2.413 2.491 2.429 2.182 2.148 2.137 2.166 2.044 I.947 1.912 1.907 1.910 I.888 1.894 1.823 
2.321 2.629 2.293 2.216 2.244 2.231 2.006 I.974 I.966 I.982 1.880 1.810 1.769 1.766 1.768 1.737 1.717 1.480 
2.l47 2.342 2.116 2.062 2.119 2.068 1.869 1.832 1.823 1.840 1.744 1.441 1.434 1.430 1.833 1.414 1.684 1.643 
1.903 I.764 1.689 1.643 1.692 1.667 1.402 I.382 1.377 1.392 1.321 1.272 I.237 1.236 I.238 1.224 1.212 1.190 
1.316 1.464 I.319 1.278 I.311 1.292 l.l42 1.141 1.146 1.169 1.099 I.082 1.047 1.026 1.030 1.014 1.027 0.991 
1.148 I.273 1.166 1.119 1.146 1.132 1.019 0.990 1.006 1.017 O.SG6 0.960 0.919 0.901 0.906 0.890 0.903 0.872 1.036 l.148 1.043 1.011 1.036 l.023 0.921 0.887 0.909 0.921 0.873 0.440 0.832 0.814 0.820 0.808 0.818 0.791 
0.963 1.067 0.962 0.932 0.964 0.944 0.860 0.819 0.839 0.460 0.807 0.794 0.748 0.764 0.768 0.744 0.764 0.731 

0.8907 0.8886 0.9001 0.8720 0.8932 0.8838 0.7966 0.7477 0.7842 0.7947 0.7640 0.7436 0.7197 0.7070 0.7104 0.4992 0.7087 0.8869 
0.8420 0.9348 0.8619 0.8262 0.8466 0.8347 0.7634 0.7277 0.7448 0.7648 0.7144 0.7043 0.4819 0.8702 0.4736 0.8830 0.4718 0.4604 
0.8031 0.8918 0.4132 0.7877 0.8074 0.7990 O.PI97 0.4964 0.7116 0.7213 0.4847 0.4728 0.4616 0.8407 0.4439 0.4339 0.4423 0.4219 

.**..* 
VA 

~***.*...++*.**C++,+******.************.***..*****~ 

60: 62 
T6 nA LA Pn SH CD 

68 67 69 62 84 
~**..*....**.***.*.t..******~.***********.*..*.***~ l .***. 

::: 9.431 9.661 .a;200 9.133 9.248 9.174 9.248 a.319 9.194 9.248 8.736 8.709 8.474 4.469 
E 

4:6 

9.377 9.164 4.972 8.744 B.Ol4 8.806 9.084 8.874 9.046 8.844 8.684 8.410 8.344 

8.914 8.639 8.677 8.443 8.426 8.211 ;A;: . 

~I***+*+ ++*.+*. 
HO In 

47 49 
,**.*.t* ******* 

8.016 7.861 

?Z 
7:aO6 

7% 
7:Ga1 

7.443 7.626 

5% 
7:osa 
8.914 
4.743 

4.41l 

X% 
6:671 
6.337 

4.744 
4.020 

?:z 
2:817 

7.364 
7.180 
7.004 

8% 

8% 
6:746 

:: Et 

4.704 

3% 
3:097 
2.800 

2.674 

1.861 

:~E 
1:4a3 
1.341 

1.064 
0.479 

zz 
0:449 

1.062 

:-!E 
0:701 
0.449 

0.6096 
0.6786 
0.6634 

.*.*+*+*.*+*** 
TA RE 

73 76 

..+**.* 
LU 

71 
*wt.*** 

7.462 
7.489 

x:: 
71344 

l ****** ***.*** 
7.611 7.393 
7.664 7.442 

3%; 
71244 

T% 
7:162 

7.203 
7.034 
4.446 

t:X: 

7.090 
6.924 
4.741 
4.697 
4.437 

Ei: 
6:SSa 
6.422 
6.198 

4.132 
6.849 
6.688 
6.349 
6.129 

4.430 
3.930 

X%i 
2:7G3 

1.821 1.801 
1.731 1.712 
1.681 1.644 

::3Zi :::ti 

1.041 
0.448 

z:: 
0:442 

l.030 1.024 
0.869 0.864 
0.762 0.761 
0.983 0.482 
0.433 0.432 

0.6944 0.6933 0.6872 0.6832 0.6741 0.6780 0.6716 
0.6G42 0.6432 0.6676 0.6637 0.6462 0.6489 0.6426 
0.6400 0.6390 0.6337 0.6301 0.6220 0.6234 0.6192 

I*.**** 

$2" 
t*+*+** 

4.441 
4.493 
4.464 
4.648 
4.462 

4.804 4.724 4.461 4.449 8.391 4.321 
6.466 4.678 4.604 4.623 4.261 8.183 
4.604 4.430 4.368 4.376 4.108 4.041 
4.362 4.281 4.210 4.224 6.964 6.901 
4.204 4.136 4.006 4.081 6.824 6.743 

4.046 6.918 6.866 6.784 6.801 6.667 
6.787 6.461 6.693 6.624 6.640 6.308 
6.631 6.406 6.361 6.284 6.299 6.077 
6.296 6.178 6.128 6.066 6.078 4.864 
6.079 4.989 4.923 4.841 4.873 4.6GS 

6.498 
6.261 
6.023 

. 4.813 
4.420 

4.434 4.398 4.341 4.362 4.170 
3.776 3.747 3.494 3.706 3.661 
3.301 3.279 3.232 3.241 3.107 
2.943 2.926 2.883 2.891 2.772 
2.864 2.460 2.411 2.418 2.611 

2.440 2.428 2.392 2.398 2.301 
2.264 2.244 2.212 2.218 2.128 
2.102 2.093 2.062 2.047 1.984 
1.972 1.944 1.934 I.939 1.841 
1.869 1.862 1.824 1.829 1.766 

x 
1:988 
1.844 
1.739 

1.443 
1.642 

:z: 
1:246 

1.010 
0.843 

KJ: 
0:426 

1.766 I.728 I.732 
1.449 1.643 1.448 
1.624 1.602 1.606 
1.410 1.388 l.392 
1.314 1.293 1.297 

1.007 0.992 0.996 
0.840 0.828 0.830 
0.737 0.724 0.728 
0.470 0.469 0.442 
0.421 0.411 0.413 

0.966 
0.819 

8.Z 
o:aoe 

ix 
0:700 
0.434 
0.690 

0.6644 

8: Es: 

EZ 
4:481 
4.621 
4.394 

4.884 8.306 8.341 8.406 8.396 8.002 7.794 
8.420 8.072 4.104 8.148 8.146 7.790 7.692 
8.l79 7.844 7.877 7.937 7.939 7.641 7.391 
7.947 7.423 7.466 7.714 7.720 7.378 7.194 
7.724 7.412 7.442 7.499 7.609 7.182 7.007 

2: 
7.309 7.014 7.046 7.099 7.116 4.413 4.461 

1o:o 
4.933 4,468 4.06 4.734 4.767 4.474 4.326 
4.693 4.333 4.369 4.408 4.431 4.149 4.028 

11.0 4.286 4.040 4.094 4.110 4.134 6.890 6.767 
12.0 4.008 6.773 6.794 6.440 6.848 6.434 6.611 

16.0 

g:: 

$2: 

6.307 6.103 6.124 6.144 6.194 4.996 4.889 
4.446 4.287 4.314 4.348 4.379 4.219 4.132 
3.873 3.724 3.744 3.773 3.804 3.448 3.696 
3.434 3.307 3.321 3.347 3.377 3.269 3.196 
3.096 2.S8l 2.993 3.017 3.044 2.941 2.886 

:% 
3:342 
2.994 
2.7lO 

2.826 2.72l 2.733 2.764 2.782 2.487 2.437 
2.904 2.609 2.620 2.640 2.648 2.480 2.434 
2.421 2.332 2.342 2.34l 2.364 2.307 2.244 
2.266 2.183 2.l92 2.210 2.234 2.160 2.121 
2.132 2.064 2.063 2.040 2.lO3 2.034 I.997 

2:: 
ii!-: ED:0 
46.0 
70.0 

ii-: 
1oo:o 

:G%t 
1:746 
1.408 
1.494 

1.139 

:*::!i 
0:767 
0.700 

1.943 1.962 l.SG7 1.990 1.926 1.890 
1.446 I.463 1.448 1.890 1.829 I.796 
1.482 1.889 1.703 l.724 1.488 1.839 
1.660 1.667 1.670 1.690 1.638 1.612 
1.442 1.449 1.490 1.479 1.432 1.407 

1.oaa 1.103 1.112 1.128 1.092 1.074 
0.914 0.914 0.924 0.937 0.908 0.894 
0.807 0.798 0.404 0.817 0.793 0.799 
0.731 0.723 0.724 0.737 0.720 0.713 
0.474 0.889 0.472 0.692 0.488 0.880 

160.0 

400.0 0.4670 0.6347 0.4242 0.4303 0.43SS 0.4266 0.4192 
460.0 0.4231 O.EGlS 0.6HO 0.6980 0.4071 0.6936 0.6876 
600.0 0.6969 0.6767 0.6701 0.6720 0.6607 0.6474 0.6421 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

39 
BlIGE IS USITS OF HG/SQ QI 6 IOllS 

19 

E/A BE 
EC 12 

II2 AL SI CA l-I CB FE II al GE SE SR at HO Iul 
4 13 14 w 22 24 28 28 29 32 34 38 40 42 46 4:G 

~*..*...*....+*.C*+*.~.~.*.**.*~*~.~~*..**..*.*~.**.*****.*~.....~.....**.*.........*.*....*.~*.**.**.~.*~~****..*.*~**.***...****.. 

E 
4.410 4.220 6.948 6.930 6.820 6.904 7.480 7.897 8.210 8.620 8.700 9.280 9.670 10.025 10.210 10.396 10.720 11.000 
6.221 6.020 6.971 6.996 6.066 8.036 8.780 9.261 9.699 9.937 10.209 10.866 11.243 11.739 11.940 12.186 12.700 12.906 

::: 
6.090 6.673 8.041 6.109 7,968 9.208 10.126 10.649 11.030 11.392 11.766 12.489 12.962 13.489 13.704 14.009 14.697 14.646 
7.018 6.779 9.160 9.273 9.098 10.429 11.622 12.098 12.610 12.894 13.361 14.172 14.710 16.286 16.616 1 .679 16.728 16.830 

4.6 8.006 7.739 10.332 10.491 10.290 il.701 12.974 13.601 14.046 14.448 16.001 16.911 16.623 17.13B 17.381 1 e .802 16.803 16.867 

9 061 8 762 II 668 11.764 11.636 13.026 14.463 16.162 16.636 16.067 16.709 17.708 18.396 19.049 19.306 19.784 20.931 W.964 
:‘: 10’166 9’620 12’838 I3 093 12 834 14 404 16 062 16.782 17.287 17.724 18.477 19.667 20.330 21.022 21.290 21.828 23.114 23.123 
6:0 11:320~10:941 14:172 141478 14:186 16:837 17:SeO 18.462 18.997 19.448 W.307 21.490 22.329 23.069 23.339 23.936 26.366 26.348 
6.6 12.641 12.116 16.662 16.920 16.693 17.326 19.369 20.203 W.769 21.232 22.198 23.476 24.393 26.161 26.463 26.109 27.680 27.639 
7.0 i3.82I 13.342 17.006 17.418 17.064 18.86B 21.119 22.006 22.601 23.076 24.163 26.626 26.623 27.329 27.633 28.348 30.027 29.999 

28 
16.66 16.96 W.06 10.68 W.I4 22.12 24.80 26.79 28.46 28.96 28.26 29.83 30.98 31.87 32.19 33.03 34.96 34.92 

1o:o 
19.61 IB.77 23.33 23.97 23.44 26.69 26.73 29.83 30.66 31.06 32.61 34.39 36.71 39.67 37.02 37.98 40.14 40.13 
22.69 21.80 26.62 27.69 29.96 29.28 32.90 31.11 34.89 36.41 37.22 39.22 40.71 41.76 42.12 43.20 46.69 46.61 

11.0 26.09 26.02 30.62 31.42 30.70 33.19 37.31 38.63 39.47 40.00 42.08 44.31 46.98 47.09 47.48 18.69 61.31 61.38 
12.0 29.71 26.46 34.44 36.48 34.64 37.32 41.96 43.40 44.30 44.84 47.19 49.88 61.61 62.70 63.11 64.46 67.29 67.42 

16.0 41.84 39.90 47.46 49.96 47.74 60.98 67.33 69.14 60.23 90.76 64.04 97.26 69.71 71.13 71.69 73.34 76.82 77.19 

ii.8 
69.22 62.78 73.27 76.63 73.66 77.91 87.68 90.06 91.48 91.94 97.00 101.66 106.22 107.03 107.66 110.06 114.66 116.66 
96.68 90.21 IO4.04 107.43 104.61 109.88 123.42 126.63 128.40 128.73 136.86 142.76 147.01 149.22 149.80 163.10 168.68 160.44 

30:0 129.73 122.01 139.60 144.16 140.13 146.71 164.64 168.66 170.80 170.93 180.43 188.63 194.87 197.47 198.08 202.24 206.69 211.63 
36.0 168.61 168.02 179.76 166.64 180.36 188.24 211.08 216.97 216.49 218.36 230.60 240.76 248.69 261.68 262.20 267.27 264.70 298.88 

40.0 211.8 196.1 224.6 231.8 226.1 234.3 262.6 20.4 271.3 270.9 286.9 298.6 308.0 311.4 312.0 318.0 326.4 332.0 
46.0 269.4 242.2 273.6 282.3 274.1 284.8 318.9 326.8 329.1 328.3 346.6 301.6 372.9 376.6 377.2 3B4.3 393.7 400.8 
60.0 311.2 290.0 326.7 337.3 327.3 339.6 380.1 388.0 391.7 390.6 412.1 429.8 443.2 447.3 447.8 466.9 466.3 476.2 
66.0 367.2 341.7 3B4.1 39B.6 384.7 398.6 446.9 464.9 469.0 467.3 482.6 603.1 618.7 623.1 623.6 632.8 644.3 664.9 
80.0 427.1 396.9 446.6 469.8 446.0 461.6 616.2 626.3 630.9 628.7 667.9 681.4 699.2 604.0 804.4 614.7 627.3 639.9 

Z:i 
491.1 466.8 610.8 627.2 611.3 628.7 690.9 802.2 607.3 804.6 637.8 OB4.6 884.7 889.8 690.1 701.8 716.3 729.9 
668.8 618.1 680.0 698.6 680.4 699.6 969.9 682.6 888.1 884.8 722.3 762.3 T16.1 780.6 780.7 793.4 BOB.2 824.9 

ZK? 
706.4 862.9 729.6 762.6 729.7 762.7 840.6 866.8 B62.3 867.3 904.4 941.6 969.9 976.9 976.7 991.0 1006.2 1029.4 
B96.4 900.7 893.3 921.6 893.3 920.6 1027.2 1046.4 1062.8 1046.2 1103.6 1148.6 1182.8 1189.3 1188.8 1206.7 1226.6 1262.6 

1OO:O 1041.3 981.1 1070.9 1104.6 1070.7 1102.2 1229.3 1260.7 1269.1 1260.0 1319.0 1372.4 1413.0 1420.1 1419.2 1439.9 1402.3 1493.4 

160.0 2IOB 1937. 2486. NW;. 2724. 2804. 2812. 2809. 2846. 2883. 2942. 

Ez 
4034. 4618. 4668. 4649. 4603. 4633. 4761. 

wo:o 
6836. 6163: iE. 6614. 6694. 

8478: 8760. 
6677. 8864. 8864. 6867. 

7866. 8283. 8873. 8846. 8971. 8941. 9211. 
360.0 9013. 10020. 10281. 10179. 10064. 10610. 10841. 11196. 11363. 11326. 11491. 11426. 11780. 

400.0 10934. 9906. 10923. 11269. 109B3. 11161. 12396. 12743. 12682. 12438. 13111. 13383. 13820. 14037. 13986. 14196. 14093. 14637. 
460.0 13187. 11936. 13162. 13671. 13229. 13421. 14916. 16366. 16133. 14963. 16763. 16080. 16606. 18873. 16807. 17061. 16922. 17469. 
600.0 16660. 14073. 16496. 16991. 16691. 16807. 17666. 18097. 17814. 17698. 18649. 18916. 19634. 19861. 19771. 20071. 19892. 20627. 

. ..*...*..***.*..***..*.***.***.......*..*~*.........*..*.**.~~...*....*..*..~*.**..*....**.*.~.*.****.~**...........*..~**.....*~.. 

wA = m  Bp 67” pR ~32~ ~34” 67Ho 6grn 71Lu 73’* 76= 771R 79’” e2pB egB1 90m 92” 6G 62 66 69 
*****+****,**,.*******~....~*********.************.****************.***.*.********~**********~*~**.**********..********************* 

2.6 11.66 11.99 12.96 13.20 13.70 14.41 14.83 16.38 16.71 16.03 16.36 16.72 17.07 17.40 17.82 17.97 19.27 19.68 
13.168 iQ.II 16.07 16.30 16.81 16.64 IT.13 17.81 18.18 18.67 18.96 19.34 19.79 20.16 20.60 20.74 22.16 22.60 
16.64 16.26 17.21 17.43 17.96 16.89 19.46 20.24 20.67 21.11 21.63 21.97 22.61 22.90 23.38 23.61 26.04 26.62 
17.74 18.46 19.40 19.60 20.13 21.19 21.81 22.72 23.18 23.88 24.16 24.62 26.26 26.67 26.18 26.31 27.96 28.47 
19.90 20.71 21.64 21.82 22.30 23.63 24.22 26.24 26.76 26.31 28.82 27.33 28.03 28.49 29.03 29.16 20.92 31.48 

65:: 
22.12 23.03 23.96 24.11 24.06 26.94 26.89 27.82 28.37 28.98 29.64 30.08 30.87 31.36 31.93 32.04 33.94 34.61 
24.40 26.41 26.32 28.46 27.01 28.41 29.22 30.47 31.06 31.72 32.32 32.90 33.77 34.29 34.89 36.00 37.02 37.63 

2: 
29.76 27.86 28.76 26.89 29.43 W.96 31.83 33.18 33.80 34.63 36.17 36.78 36.73 37.29 37.92 38.02 40.18 40.82 

7:o 
29.I7 30.38 31.27 31.38 31.92 33.66 34.60 36.96 36.62 37.40 3B.09 38.74 39.76 40.36 41.03 41.12 43.41 44.09 
31.66 32.98 33.86 33.94 34.48 39.23 37.26 38.82 39.61 40.36 41.08 41.76 42.87 43.60 44.20 44.28 48.72 47.43 

28 
36.86 38.39 39.24 39.29 39.82 41.81 42.96 44.76 46.62 46.47 47.29 48.04 49.31 60.01 60.79 60.86 63.67 64.36 
42.33 44.10 44.93 44.93 46.44 47.66 48.98 60.99 61.82 62.89 63.80 64.63 66.06 66.82 67.69 67.73 60.76 81.62 

:x 
48.10 60.10 60.91 60.87 61.36 63.86 66.30 67.63 68.43 69.02 60.63 61.62 63.11 83.96 64.90 64.93 88.27 69.22 

12:o 
64.16 68.41 67.19 67.10 67.67 SO.33 61.92 84.38 66.36 86.86 67.76 68.73 70.48 71.40 72.44 72.46 76.12 TT.16 
00.61 93.02 63.77 63.63 94.07 67.10 Se.64 71.63 72.67 74.01 76.21 76.26 78.I7 79.17 80.30 B0.29 84.30 86.42 

16.0 81.26 B4.62 86.29 84.98 85.31 89.19 91.43 94.82 96.08 97.90 99.42 100.69 103.14 104.36 106.82 106.74 110.87 112.26 
W.0 121.61 126.44 126.94 126.31 126.36 131.63 134.99 139.66 141.27 143.79 146.89 147.67 160.96 162.67 164.68 t64.48 161.73 163.64 
26.0 166.64 176.30 176.60 174.60 174.27 181.64 186.73 191.76 193.76 197.04 199.80 WI.93 W6.36 208.36 211.26 2 0.90 220.69 223.08 

F W.0 222.12 230.96 231.02 229.69 228.79 236.06 243.38 260.89 263.27 267.40 260.88 163.60 269.04 271.43 276.24 2 4.74 2B7.18 290.31 
36.0 282.03 293.17 292.97 291.06 269.69 301.14 337.71 316.81 319.69 324.63 328.89 332.04 338.78 341.68 346.42 346.73 381.19 366.04 

28 
348.1 361.7 361.2 368.8 366.8 370.6 378.6 389.3 392.6 398.6 403.6 407.3 416.4 418.6 424.6 423.7 446.0 447.0 
420.0 439.4 436.6 432.6 429.8 449.2 466.6 466.1 471.8 478.8 484.8 489.1 498.6 602.1 609.4 608.3 630.6 636.1 

%*: 
497.6 617.1 616.0 612.3 608.7 627.6 638.7 663.1 667.2 666.3 672.3 677.3 688.1 692.1 600.8 699.4 626.8 831.9 

6D:o 
681.1 603.6 02.1 697.7 693.2 616.2 627.8 644.1 648.7 667.9 ‘366.0 671.8 6B4.0 688.4 698.6 690.9 727.2 734.4 
669.9 996.6 693.8 988.7 OB3.2 709.3 722.6 741.0 746.0 768.6 766.6 77X.9 786.9 790.7 802.4 BOO.6 836.2 843.4 

86.0 764.0 583.4 791.0 786.2 778.6 906.9 823.0 843.6 849.0 860.7 871.0 878.1 893.7 898.9 912.3 810.1 949.4 968.6 
70.0 863.3 896.4 893.6 997.0 879.1 910.9 926.8 961.6 967.6 970.6 SB2.1 989.9 1007.3 1012.9 1028.1 1026.6 1069.7 1080.0 
80.0 1077.0 1118.1 1114.3 1106.9 1096.6 1134.6 1166.6 1183.8 1190.9 1208.7 1220.8 1230.1 1261.2 1267.6 1276.7 1273.6 1327.9 1340.6 
80.0 1310.0 1369.9 1366.0 1344.7 1331.4 1376.3 1404.6 1436.8 1446.0 1463.7 1480.6 1491.6 1616.6 1623.8 1647.1 1643.2 1608.8 1623.8 

100.0 1661.7 1621.0 1614.9 1602.6 1666.9 1641.3 1672.1 1709.6 1719.0 1740.7 1760.6 1773.6 1802.6 1810.6 1838.6 1833.7 1911.4 1929.1 

160.0 
z%k 3191. ::z? “&i* 

3116. 3221. 
::I? 

3346. 3361. 3401. 3438. 3462. 3616. 3627. 3682. 3672. 3722. 3766. 
wo.0 

7164: 
6160. 
7427. 7420 : 

6026. 6192. 
7360: 7262. 7620 : 6382- %k 

6466. 5;;;. 6660. 6041. 6960. 6748. 6732. 6921. 8022. 

E-E 
7600. 7761. 

9788. 10086 10232. 10419 10441’ 
7871. 8262. 8463. 8648. 

10667 10067 10%. I:%- ,c% 1%‘: ILOSS. 11299. 11676 
360:0 I%% 1%: I%%: 1%: 12642. 12SO6: 13080. 13316: 13336: 13486: 13668: 13713: 13884: 13969: 14179: 14136. 14368. 14764: 

400.0 16183. 16729. 16911. 16720. 16498. 16930. 16136. 16423. 16440. 16623. 16841. 16902. 17107. 17204. 17476. 17420. 17699. 18178. 
460.0 16233. 19997. 19OOl. 16699. 16630. 19134. 19371. 19713. 19727. 19946. 20211. 20278. W6le. 20639. W904. WoB97. 21203. 21790. 
600.0 21436. 22W2. 22348. 22236. 2l916. 22496. 22766. 23166. 23176. 23431. 23746. 23620. 24096. 24241. 24622. 24644. 24880. 26677. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power- and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROlIC SIOPPIlC POWER II UQITS OF HSV/tHG/SQ a) 
40 

CA 101s 
20 

E/A RE Is2 AL 91 CA n CR FE II (II GE SE SR 28 no Rn 
4 8" 11 13 14 lo 21 24 26 28 2% 31 34 38 40 42 46 4T” 

. . . ..*..*I.****..*.**~~~*..*~~~*..~~*.~***~**~**~***~***********.******.****.*..*~~*~*.******.....*......**.***..~*****..*.**..*~*** 

$2 
26.98 27.11 20.8% 20.03 20.38 18.76 16.30 16.62 16.20 14.87 13.97 13.18 12.66 12.14 11.12 11.6% 10.61 lo.%6 
26.18 26.60 20.0-l 19.27 19.43 18.20 16.86 16.23 14.86 14.68 13.71 12.97 12.38 12.08 11.98 11.64 10.62 1O.W 

1*: 
23.68 24.01 19.22 18.47 18.64 17.66 16.32 14.76 14.42 14.1% 13.36 12.46 12.10 11.62 11.73 11.36 10.41 10.86 

4:6 
22.16 22.47 18.3% 17.4% 18.04 14.88 14.77 14.26 13.96 13.74 12.96 12.28 Il.77 11.61 11.42 11.07 10.23 10.44 
20.6% 21.44 17.61 16.94 17.31 16.23 14.13 13.76 13.47 13.31 11.64 11.90 11.42 11.18 11.10 10.77 10.01 10.17 

i:: 
19.77 20.38 16.81 14.24 16.61 16.41 13.71 13.14 13.01 12.88 12.13 11.63 11.07 10.86 10.78 10.44 9.77 
18.74 IS.40 14.1% 16.6% 16.94 16.03 13.22 11.80 12.67 12.46 11.74 11.16 10.73 10.62 10.46 9.63 

8-E 
17.86 16.61 16.66 14.99 16.36 14.49 12.76 12.36 12.14 12.06 11.34 10.81 10.40 10.21 10.16 

7:o 
17.06 lT.71 Il.%? 14.41 14.78 13.98 12.31 11.96 11.76 11.4? 11.00 IO.48 '"93; xi 
16.31 16.98 14.42 13.90 14.26 13.60 11.90 11.66 11.37 11.30 10.44 10.16 . X:E s:e2 8.84 

2x 
16.02 16.4% 13.44 12.97 13.30 12.43 11.14 10.86 10.48 10.64 10.04 

~*~; 
9.23 9.08 9.04 8.81 8.38 8.37 

1o:o 
13.93 14.60 12.6% 12.16 12.48 11.87 I;.;; 8.73 8.60 7.98 7.96 
13.00 13.00 11.86 11.44 11.76 11.20 

11.0 12.20 11.86 11.1% 10.81 11.11 10.41 9141 
8:68 

f-2 
7.41 7.64 

11.0 11.60 12.13 10.41 10.26 10.64 10.08 8.94 t.:: . 7: 62 
3; 
7: 42 5% 

7.21 
, 4.80 

16.0 
f.8: 1o*43 Kf 

7.43 7.64 7.66 7.14 6.42 4.64 4.62 6.38 4.19 4.10 
20.0 
26.0 4:7-r 

8.62 
7.26 8: 18 

8.36 4.28 4.30 6.96 Eli 6.64 6.47 6.37 6.24 6.14 
6.46 6.41 6.43 6.14 4193 4.f8 w 4.74 4.46 4.64 

2: 
6.90 4.34 6.60 4.81 4.77 4.79 4.64 4.34 4.23 4.06 tt: 
6.26 6.66 4.91 4.31 4.28 4.30 4.08 3.92 3% 3.80 . :4x . 8% . 3.46 3:67 

40.0 4.740 6.116 4.684 4.463 4.694 4.468 3.991 3.921 3.892 3.014 3.711 3.666 3.442 3.441 3.442 3.389 3.336 3.261 
46.0 4.333 4.484 4.212 4.082 4.212 4.091 3.666 3.602 3.677 3.601 3.413 3.280 3.186 3.16% 3.170 3.123 3.078 3.008 

EC: 
3.999 4.329 3.896 3.774 3.897 3.?88 3.396 3.338 3.314 3.340 3.144 3.043 2.966 2.942 2.944 2.901 2.862 2.794 

6o:o 
3.720 4.031 3.430 3.61% 3.632 3.633 3.168 3.114 3.094 3.119 2.967 2.843 2.742 2.760 2.763 2.714 2.476 2.417 
3.482 3.777 3.404 3.300 3.404 3.316 2.974 2.924 2.908 2.930 1.770 2.472 2.690 2.686 2.689 2.663 2.621 2.464 

46.0 3.278 3.668 3.208 3.111 3.211 3.12t 2.806 2.161 2.746 2.767 2.424 2.624 2.462 2.444 2.447 2.414 2.384 2.330 
70.0 3.009 3.368 3.03’1 2.944 3.041 2.942 2.669 2.617 2.03 2.624 2.486 2.394 2.327 2.319 2.322 2.292 2.264 2.213 

EC8 
2.804 3.061 2.764 1.8?1 2.768 2.48% 2.416 2.378 2.346 2.386 2.243 2.171 2.116 2.110 2.114 2.087 2.063 2.018 

100: 0 
2.649 l.t%S 2.628 1.462 2.631 2.4?0 2.219 2.18% 2.176 2.194 1.082 2.003 1.94? 1.943 1.946 1.923 1.901 1.840 
2.377 2.691 1.342 2.273 2.344 2.290 2.06% 2.028 2.019 2.038 1.933 1.861 1.80% 1.806 1.809 l.?BB 1.767 1.731 

160.0 1.774 1.941 1.760 1.70% I.783 1.726 1.663 1.631 1.626 1.642 1.463 1.40% 1.370 1.349 1.372 1.368 1.342 1.318 
200.0 1.464 1.612 1.442 1.414 1.462 1.431 1.28’1 1.2B4 1.26% 1.284 1.117 I.199 1.140 1.13% I.141 I.126 I.138 1.098 
260.0 1.272 1.410 1.280 1.240 1.249 1.164 1.12% 1.096 1.113 1.127 1.069 1.063 1.018 0.998 1.003 0.484 1.000 0.948 
330.0 1.141 1.272 1.166 1.120 L-14(1 1.134 1.020 0.982 1.007 1.020 O.%W 0.962 0.921 0.904 0.908 0.894 0.904 0.874 
360.0 1.064 1.171 l.oB6 1.032 1.067 1.04% 0.942 0.907 0.930 0.942 0.894 0.87% 0.861 0.834 0.839 0.824 0.837 0.810 

400.0 0.987 1.096 0.997 0.%44 O.%%O 0.979 0.881 0.861 0.8?1 0.883 0.838 0.824 0.797 0.783 0.787 0.776 0.786 0.780 
460.0 0.933 1.034 0.944 0.914 0.937 0.917 0.836 0.808 0.826 0.836 0.794 0.780 0.766 0.743 0.744 0.736 0.744 0.721 
600.0 0.690 0.968 0.901 0.873 0.896 0.886 O.?S? 0.771 0.788 0.7SS 0.76% 0.746 0.721 0.710 0.713 0.701 0.712 0.689 

I..*...*..CI....~.~.....~.**..~.*~.**.*~~~***....***.*...*.***.***~*.***..~***..***.*********....*..**..***.*.~~.*.~*~~**~..***.*~*. 
WA SI TE @A LA PR SII CD 80 RI LU TA RE IR AU PB BI ln 

60 62 66 67 6% 42 64 47 6% 71 73 76 77 79 a2 a3 a0 92” 
1.*.~*.*..*......*.*...........***.**~*.*~~**.*..*.*.~....*....**.***.***.********....****.*.***..******..*.****..***....~****~**.*. 

2.6 10.28 9.81 9.84 9.94 9.86 9.32 9.04 8.66 8.3? 8.18 8.01 7.88 7.40 7.61 7.43 7.46 7.14 7.07 
3.0 10.13 9.78 9.82 9.84 9.32 8.43 8.22 7.6% 7.40 7.61 7.64 7.23 7.16 

3:: 
10.08 

x3 
9.67 9.70 9.21 

tat: 9:20 . :.:i 
9.61 9.04 t% :.:t 

t%i 
7194 

7.47 
7.6% 52: 

7.60 7.62 7.21 7.13 
7.42 7.44 7.13 7.06 

4.6 . 9.29 a.84 a:10 7193 7.80 7.48 7:39 7.31 7.33 7.02 6.94 

6.0 9.366 8.944 9.001 9.070 9.068 8.433 8.406 8.062 7.934 7.768 7.646 7.64% 7.337 7.260 7.171 7.190 6.890 4.814 
6.6 9.102 8.726 8.740 8.827 8.823 6.417 8.102 7.866 7.766 7.696 7.481 7.389 7.187 7.104 7.026 7.043 6.748 6.474 

8.863 8.490 8.624 6.689 8.690 8.202 7.994 7.470 7.676 7.426 7.312 7.226 7.033 4.963 6.876 6.892 4.603 4.631 
0.412 8.261 8.193 8.367 8.343 7.992 7.794 7.491 7.398 7.262 7.144 7.041 4.878 4.800 4.723 6.740 4.467 4.307 
8.380 8.040 8.072 0.133 8.144 7.788 7.697 ‘I.311 7.220 7.082 6.078 4.899 6.724 6.660 6.673 8.690 4.313 4.144 

a.0 7.944 7.%26 7.666 7.714 7.731 7.401 7.226 4.964 4.883 6.764 6.840 6.687 4.424 6.368 4.283 8.299 4.034 6.949 
9.0 7.647 7.247 7.176 7.331 7.363 7.047 6.882 4.443 6.670 4.463 4.302 6.296 6.147 6.004 6.011 6.024 6.7?2 6.710 

10.0 7.187 4.903 4.930 6.943 7.009 6.722 4.648 4.348 4.262 6.172 6.087 6.016 6.887 6.82% 6.767 6.772 6.629 6.470 
11.0 4.860 6.691 6.617 6.647 4.696 6.426 6.281 6.077 4.014 6.914 6.834 6.774 6.647 6.693 6.623 6.637 6.304 6.248 
12.0 4.662 6.304 4.331 6.379 4.409 6.166 4.018 6.828 6.772 6.678 6.600 6.644 6.426 6.374 6.307 6.320 6.096 6.043 

16.0 6.813 6.68% 6.411 6.464 6.488 6.471 6.363 6.194 6.160 6.068 6.003 4.967 4.868 4.814 4.761 4.743 4.663 4.517 
20.0 4.%04 4.71% 4.738 4.776 4.810 4.433 4.637 4.414 4.381 4.316 4.242 4.226 4.146 4.114 4.068 4.048 3.89% 3.860 
26.0 4.242 4.103 4.120 4.162 4.186 4.037 3.966 3.864 3.828 3.774 3.72% 3.498 3.431 3.607 3.664 3.646 3.417 3.384 

E 
3.784 3.444 3.469 3.488 3.721 3.691 3.620 3.434 3.412 3.366 3.324 3.300 3.242 3.223 3.174 3.186 3.064 3.024 
3.414 3.288 3.302 3.320 3.36% 3.244 3.181 3.106 3.088 3.041 3.012 2.989 2.938 2.922 1.879 2.687 2.748 2.742 

2: 
3.118 3.004 3.014 3.040 3.071 2.964 2.910 2.844 2.828 2.791 2.76% 2.739 2.693 2.480 2.440 2.447 2.63% 2.616 

so:0 
2.874 1.771 2.783 2.806 2.834 2.73% 1.688 2.428 2.614 2.681 2.662 2.633 2.492 2.480 2.443 2.449 2.360 2.328 
1.476 2.677 2.688 2.609 2.037 2.64% 2.601 1.448 2.436 2.406 2.378 2.361 2.323 2.313 2.278 2.284 2.191 2.172 

66.0 2.604 2.413 2.423 1.443 2.470 2.388 2.344 2.1%4 2.283 2.266 1.230 2.114 2.17% 2.171 2.137 2.143 2.067 2.038 
60.0 2.367 2.272 2.282 2.300 2.326 2.149 2.209 2.142 1.162 2.126 2.103 2.088 1.066 2.048 2.014 2.022 1.940 1.923 

%8 
2.230 2.14% 2.169 2.176 2.201 l.lZ% 2.091 2.048 2.038 2.014 1.932 1.976 1.948 l.S41 1.911 1.914 1.839 1.823 
1.118 1.041 2.060 2.047 2.081 2.023 I.967 1.947 1.938 1.916 1.894 1.882 1.863 1.847 1.818 1.823 1.760 1.734 

iE 
1oo:o 

:X3: 1.861 1.870 1.886 1.908 1.844 1.814 1.778 1.770 1.760 1.731 1.71% I.694 1.488 1.%62 1.447 1.400 ;,iig 
1.716 1.724 1.738 1.760 1.703 l.4?4 1.641 1.634 1.416 1.699 1.688 1.646 1.660 1.634 1.640 1.47% 

I:667 1.697 1.604 1.617 1.438 1.646 1.668 1.62% 1.613 1.606 1.490 1.480 1.46% 1.466 1.432 1.436 1.37% I:367 

160.0 
200.0 

:.26; 1.217 1.122 1.232 1.149 1.110 1.180 1.169 1.166 1.163 1.141 1.134 1.11% 1.116 1.09% 1.102 1.068 1.049 
1.016 1.016 1.023 1.036 1.006 0.990 0.974 0.971 0.962 0.962 0.%44 0.934 0.931 0.917 0.920 0.908 0.878 

260.0 0:%26 0.894 0.884 0.801 0.806 0.%79 0.870 0.866 0.866 0.64% 0.834 0.832 0.823 0.817 0.804 0.807 0.801 0.774 
3Go.o 0.%39 0.810 0.801 0.404 0.614 0.78% 0.7%0 0.714 0.7?7 0.788 0.767 0.766 0.748 0.742 0.731 0.733 0.728 0.706 
360.0 0.774 0.74% 0.741 0.744 0.766 0.738 0.731 0.71% 0.71% 0.711 0.701 0.700 0.693 0.488 0.677 0.479 0.674 0.664 

400.0 0.7180 0.7032 0.4%60 0.4964 0.7090 0.4930 0.4841 0.6747 0.4764 0.6880 0.4684 0.4674 0.4606 0.4462 0.4341 0.6382 0.4333 0.6143 
460.0 0.4904 0.6649 0.6603 0.4614 0.4726 0.6674 0.4610 0.6403 0.4410 0.4341 0.4262 0.6240 0.6177 0.4136 0.4041 0.8040 0.4012 0.6834 
600.0 0.4603 0.4379 0.63iP 0.433% 0.6436 0.4291 0.422% 0.6127 0.6134 0.6068 0.6964 0.6972 0.6913 0.6874 0.6783 0.6801 0.6763 0.6687 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

WA 
.**.*. 

2.5 
3.0 

pj 

%:: 
25.0 

Z?: 
40.0 
45.0 
50.0 
56.0 
60.0 

65.0 
70.0 

2: 100.0 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAlGE IW UlITS OF HG/Sq CX 
40 

CA IODS 
20 

BE C Is AL SI CA TI CR FE II al GE SE SR A no rlil 
4 6 12 13 14 20 22 24 28 28 29 32 34 38 40 42 45 4:" 

+.,..*..*..***+.**.,*..*.....****.*.*.~****.*.*...*****.~**..*.*...*~*.****.*............*.*..**.*.**.*..*~*...***~**......*.* 
4.290 4.110 5.800 5.780 5.870 6.729 7.290 7.693 8.000 8.310 8.480 9.030 9.330 9.777 9.900 $0.138 10.449 10.720 
5.058 4.871 6.776 9.798 6.669 7.811 8.534 8.989 9.330 9.667 9.924 10.668 10.933 ii.420 11.618 11.856 12.348 12.550 
6.879 6.679 7.795 7.858 7.709 8.930 9.817 10.323 10.695 11.056 11.402 12.119 11.566 13.093 13.305 14.258 14.405 
6.754 6.537 8.858 8.964 8.793 10.092 11.147 11.702 12.106 12.468 11.923 13.?14 14.242 14.807 16.033 

l;S.SSS 
16.383 16.196 16.297 

7.684 7.444 9.970 10.120 9.925 11.300 12.527 13.131 13.565 13.966 14.492 15.378 15.S67 16.570 16.809 17.214 18.172 18.238 

8.669 8.401 11.131 11.326 11.104 12.556 13.959 14.612 15.076 16.493 16.114 17.085 17.746 18.386 18.637 
9.407 17.073 17.790 

19.098 20.195 20.231 
9.708 12.341 12.683 12.333 13.862 15.445 16.147 16.640 18.848 19.581 20.268 20.621 21.038 22.167 22.261 

10.801 10.462 13.602 13.892 13.611 15.218 16.986 17.737 18.259 18.7W 19.622 20.669 11.476 22.168 22.463 24.393 24.390 
11.947 11.567 14.913 15.252 14.939 16.623 18.582 19.383 19.934 20.393 21.311 22.548 23.427 24.177 24.464 

3 3.035 
6.092 26.674 26.560 

13.147 12.721 16.275 16.665 16.317 18.080 20.234 21.085 21.665 22.135 23.158 24.486 25.441 26.227 26.525 27.210 28.812 28.791 

15.71 15.17 19.15 19.65 19.22 21.14 23.71 24.66 26.30 25.78 27.03 28.54 19.65 30.51 30.83 31.63 33.46 33.44 
18.47 17.82 12.23 22.83 22.33 24.41 27.40 28.46 29.16 29.66 31.13 32.84 34.11 35.04 35.38 36.29 38.36 38.35 
21.45 20.65 15.50 26.23 25.64 27.88 31.32 32.48 33.23 33.76 35.46 37.38 38.81 39.81 40.17 41.21 43.49 43.51 
24.63 13.67 28.98 29.83 29.14 31.55 35.46 36.73 37.54 38.07 40.03 42.16 43.76 44.84 45.22 46.37 48.86 48.93 
18.00 26.88 32.65 33.63 32.84 35.42 39.83 41.20 42.07 42.60 44.83 47.19 48.95 50.11 60.50 61.78 54.48 54.60 

39.33 37.58 44.83 46.23 45.09 48.21 54.22 55.94 56.99 57.62 80.61 63.68 86.00 67.38 67.82 69.49 72.79 73.14 
62.04 58.92 68.92 71.14 69.29 73.36 82.47 84.82 86.19 86.66 91.41 96.83 99.19 100.93 101.45 103.81 108.06 109.01 
89.35 84.47 97.58 100.76 98.04 103.16 115.88 118.92 120.61 120.96 127.64 133.62 138.16 140.28 140.64 143.96 149.13 150.88 

121.12 114.06 130.67 134.93 131.18 137.44 154.25 158.04 160.08 160.24 169.13 176.86 182.72 185.21 185.80 189.71 196.80 198.55 
157.12 147.55 168.02 173.60 168.57 176.06 197.43 202.03 204.43 204.35 215.70 225.36 232.69 235.53 236.13 240.90 247.89 251.81 

197.3 184.8 209.5 216.3 210.1 218.9 245.3 250.7 253.5 263.1 267.2 279.0 287.9 291.1 291.7 297.3 305.3 310.5 
241.5 225.7 255.0 263.3 255.6 265.7 297.6 304.0 307.2 306.4 323.4 337.5 348.2 351.7 362.3 359.9 37.7 374.4 
289.6 270.2 304.4 314.3 305.0 316.6 354.4 581.7 365.3 364.2 384.3 400.9 413.4 417.3 417.8 425.4 435.2 443.4 
341.4 318.1 357.7 389.2 358.2 371.3 415.4 423.8 427.7 426.2 449.8 468.9 483.4 467.6 468.1 496.7 507.5 517.4 
397.1 369.4 414.6 427.9 415.1 429.8 460.6 490.1 494.4 492.4 519.6 541.5 558.2 562.7 563.1 572.7 584.5 596.2 

456.3 424.0 475.2 490.4 475.6 491.9 549.9 560.6 565.3 562.6 593.7 618.6 637.4 642.3 642.6 653.3 686.1 679.7 
519.1 481.8 539.3 556.5 539.7 567.7 623.1 634.9 640.1 636.9 672.0 700.0 721.2 726.3 726.5 738.4 752.2 767.6 
655.0 606.7 677.8 699.3 678.0 899.6 781.2 795.5 801.6 797.0 840.8 875.5 901.8 907.4 907.3 921.6 937.6 957.4 
804.2 743.8 829.6 855.8 829.6 855.0 954.2 971.2 978.1 972.0 1025.3 1067.2 1099.0 1105.2 1104.8 1121.5 1139.9 1164.1 
966.2 892.5 894.1 1025.4 993.9 1023.4 1141.6 1161.3 1169.2 1161.4 1224.9 1274.6 1312.3 1319.0 1318.2 1337.4 1358.3 1387.2 

1964. 1797. 1993. 2055. 1991. 2044. 2276. 2312. 2325. 2305. 2430. 2526. 2600. 2608. 2605. 2638. 2674. 2729. 
3206. 2936. 3250. 3351. 3250. 3327. 3702. 3759. 3776. 3738. 3941. 4062. 4188. 4224. 4216. 4267. 4404. 
4682. 4267. 4718. 4866. 4730. 4826. 5368. 5465. 5463. 5407. 5701. 5849. 6037. 6109. 6093. 6176. 

WI;. 

6342. 5765. 6366. 6567. 6392. 6507. 7236. 7399. 7356. 7277. 7672. 7861. 8105. 8219. 8194. 8310. 62821 E: 
8163. 7407. 8172. 8430. 8213. 6347. 9280. 9521. 9927. 9321. 9827. 10040. 10368. 10524. 10488. 10642. 10582. 10910. 

10126. 9175. 10114. 10435. 10170. 10326. 11478. 11800. 11652. 11617. 12143. 12393. 12798. 12999. 12952. 13145. 13052. 13462. 
12211. 11054. 12178. 12566. 12249. 12427. 13811. 14218. 14013. 13846. 14696. 14890. 15377. 15624. 15563. 15799. 15670. 16167. 
14408. 13033. 14348. 14806. 14435. 14836. 16264. 16756. 16494. 16294. 17175. 17514. 18087. 18380. 18306. 18589. 18419. 19007. 

~**....**.*.1*.....*****.........~*..**...*.**.***..*~..*..********~..*.~.*.**.*..*.....*.*~.*.*..**..******.*..**.*~*~*****~**~*..~ 
E/A so TE BA LA PR 5n CD HO RI LU TA BE IR AU FB BI 111 0 

50 52 56 57 59 62 64 67 69 71 73 75 77 79 82 83 so 92 
. ..**.*.***....*C****..~***..*.******..*..****.*...*..**.******~*.*****.********..~.****..*~.~******....*...***.*~..**..*~**.***.... 

::: 
11.26 11.69 12.63 12.88 13.36 14.06 14.47 15.00 15.32 16.64 15.96 16.31 16.65 16.97 17.38 17.53 18.80 19.20 
13.21 13.73 14.66 14.89 15.39 16.20 16.69 17.34 17.70 19.07 18.44 18.83 19.26 19.61 20.05 20.19 21.57 22.01 

3.5 15.18 15.79 16.71 16.93 17.44 18.36 18.90 19.67 20.08 20.51 20.92 21.34 21.87 22.25 22.71 22.84 24.34 24.80 
4.0 17.19 17.88 18.80 19.00 19.52 20.55 21.16 22.04 22.49 22.97 23.43 23.88 24.48 24.90 25.39 26.52 27.13 27.62 
4.5 19.24 20.03 20.94 21.12 21.65 22.78 23.46 24.44 24.93 25.47 25.97 26.46 27.14 27.58 28.11 28.22 29.96 30.48 

i:: 
21.35 22.23 23.13 23.30 23.83 25.07 25.80 26.90 27.42 28.02 28.56 29.08 29.84 30.32 30.87 30.98 32.83 33.39 
23.62 24.50 26.39 25.53 26.06 27.42 28.21 29.41 29.97 30.62 31.20 31.76 32.59 33.10 33.68 33.79 35.76 36.35 

E 
25.75 26.82 27.70 27.83 28.36 29.83 30.68 31.98 32.58 33.26 33.90 34.49 35.41 35.95 36.56 36.66 38.75 39.38 

7:o 
28.04 29.21 30.06 30.19 30.72 32.30 33.21 34.62 35.25 38.01 36.67 37.29 38.28 38.86 39.50 39.59 41.82 42.48 
30.39 31.66 32.52 32.62 33.14 34.83 35.81 37.32 37.99 38.80 39.50 40.16 41.22 41.83 42.51 42.59 44.95 45.64 

i:: 
36.30 36.77 37.61 37.67 38.19 40.10 41.21 42.93 43.67 44.58 45.37 46.10 47.31 47.98 48.74 48.80 51.43 52.20 
40.46 42.15 42.96 42.99 43.49 46.64 46.89 48.81 49.62 50.64 51.52 62.31 53.67 54.42 55.26 55.30 58.21 59.05 

10.0 45.90 47.81 46.61 48.58 49.07 51.46 52.84 54.97 55.84 66.98 57.95 58.80 60.32 61.13 62.05 62.08 65.29 65.21 

:::: 
51.60 53.74 54.62 54.45 54.91 57.54 59.07 61.42 62.35 63.61 64.66 65.69 67.26 68.14 69.14 69.16 72.68 73.68 
57.56 59.95 60.70 60.58 61.02 63.90 65.57 68.14 69.14 70.51 71.66 72.66 74.49 75.44 76.53 76.53 80.38 81.46 

15.0 77.03 60.20 80.88 80.60 60.93 84.62 86.76 89.99 91.19 92.92 94.37 95.58 S7.91 99.07 100.47 100.41 105.30 106.64 
20.0 114.64 119.30 119.82 119.25 119.32 124.51 117.60 131.91 133.45 135.84 137.84 139.44 142.65 144.17 146.18 146.00 152.88 154.70 
25.0 158.51 164.89 165.22 164.30 164.02 170.88 174.83 180.54 182.42 186.54 186.14 190.16 194.33 196.22 198.97 
30.0 208.41 216.72 216.84 215.52 214.80 223.62 228.54 235.62 237.87 241.76 246.04 247.52 252.73 255.00 258.59 h 

98.86 207.82 210.18 
68.13 269.85 272.82 

35.0 264.15 274.60 274.48 272.70 271.46 282.22 288.39 296.95 299.57 304.31 308.32 311.29 317.63 320.27 324.83 324.19 338.74 342.36 

E&o" 
325.5 338.3 337.9 335.7 333.8 346.8 354.2 384.3 367.3 373.0 377.8 381.3 388.8 391.8 397.5 398.6 414.3 418.8 

50.0 
392.4 407.7 407.0 404.2 401.7 417.0 426.8 437.6 441.0 447.6 453.2 467.3 466.1 469.5 476.3 476.3 496.2 601.3 

55.0 
464.5 482.6 481.6 478.2 474.9 492.8 503.0 516.5 520.3 527.9 534.5 539.1 549.3 553.0 561.1 569.9 584.4 590.3 

60.0 
541.9 562.9 581.6 557.5 653.3 573.9 585.6 600.9 606.2 613.9 621.4 626.7 638.2 642.4 661.8 650.3 678.7 885.5 
624.2 648.4 646.6 641.9 636.8 660.2 673.6 690.8 695.5 705.3 713.8 719.7 732.8 737.3 748.2 746.5 TT8.9 786.5 

65.0 
70.0 

711.5 738.9 736.8 731.4 725.2 751.7 766.7 785.9 791.0 802.0 811.6 818.2 832.8 837.6 850.2 848.1 884.8 893.4 
803.6 834.4 831.9 825.7 818.5 848.1 864.8 888.1 891.7 903.9 914.6 911.9 938.1 943.3 957.5 956.2 9S6.3 1005.9 

80.0 1001.6 1039.9 1036.5 1028.7 1019.0 1065.4 1075.9 1101.4 1108.0 1122.7 1135.6 1144.6 1164.2 1170.2 1167.9 1185.0 1235.7 1247.4 
SO.0 1217.6 1164.0 1259.5 1249.9 1237.6 1181.3 1305.7 1335.8 1343.4 136Q.8 1376.5 1386.9 1410.1 1416.9 1436.5 1434.9 14W.O 1510.0 

100.0 1450.7 1505.8 1500.3 1488.8 1473.5 1524.9 1553.6 1688.5 1597.2 1617.5 1636.0 1648.0 1675.1 1682.6 1708.5 1704.1 1776.4 1792.8 

150.0 2852. 
200.0 4602. 2e60. EZ~ 4773. :s:;. 

2890. 2888. 3042. 3104. 
i%::. 

3156. 3190. 3211. 3261. 3453. 
4658. 4989. 5121. 

E: 
8636;: 6838~: 27;. 6949. 4612. EC? . 7191. 7213: %: 

5164. 5230. 
250.0 6881. 

z:. E- Et. 

330.0 9237. 
7377. 7419. 7621. 7562: 76699: 7647: 

5489. %.t 
7843. 8014: 

350.0 11396. 11808. 11866: 11760: 11616: l?%: 1%:: lg!:: 1%:: $8:: l$%?i: 12701: 12860: 12930: 13133: 13OS2: 13327: 13675: 
9917 10076 10126 10285 10253 10466 10724 

400.0 14060. 14566. 14642. 14568. 14352. 14753. 14942. 15209. 15225. 15394. 15597. 15653. 16843. 15933. 16164. $6133. 16392. 16835. 
450.0 16884. 17489. 17696. 17601. 17261. 17718. 17838. 18255. 18268. 16470, 18717. 18779, lSOO0. 19113. 19413. 19352. 19636. 10179. 
600.0 19848. 20558. x)6%. 20569. 20293. 20830. llO81. 21450. 21459. 21697. 21989. 22067. 22312. 22446. 22799. 12727. 23039. 23684. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See me 8 for Explanation of Table 

~EcInO9Ic 6TOPPI90 POwErI I9 UIIIS UF M5V/m2/SQ 00 
46 

SC IDES 
21 

WA as 
6" 12 

FE AL SI CA R CB fE II aJ GE SE SB ZB HO SE 
4 13 14 w 22 24 m 28 29 32 34 39 40 42 46 47" 

+*.L...........****........***......*.**.~.*.*.***~..*.*.~**..~....*.*.....*...**....*.*.***......*.**..*..*..~........*.*.~..*...** 

::FJ 29.07 27.19 29.08 27.42 22.32 21.61 21.40 20.84 21.77 21.03 W.04 19.47 17.38 16.94 16.66 19.28 IS.21 16.88 16.86 16.68 14.66 14.88 14.04 13.86 13.37 13.22 13.02 12.90 12.90 il.78 12.36 12.44 Il.18 11.22 11.06 11.60 
26.60 26.88 10.64 19.93 10.22 18.81 16.42 16.80 16.44 16.20 14.30 13.64 12.96 12.66 12.64 12.14 11.13 ii.42 
23.99 24.47 19.78 19.02 19.42 18.13 16.86 16.30 14.97 14.78 13.89 13.17 12.82 12.34 12.24 11.87 10.96 11.19 
22.96 23.20 i8.S7 18.26 16.66 17.49 16.30 14.78 14.48 14.31 13.41 12.79 12.27 12.01 11.92 11.66 10.74 10.92 

::: 21.46 10.38 22.09 21.02 17.48 18.20 17.62 16.94 17.91 17.23 19.21 19.92 14.26 14.70 14.28 13.80 14.00 13.64 13.86 13.42 13.06 12.66 12.40 12.03 11.66 11.91 11.67 11.33 11.69 11.213 10.94 11.26 10.60 10.26 10.84 10.36 
19.42 10.08 18.82 10.W 14.69 16.04 13.77 13.34 13.11 13.00 12.26 11.60 11.22 11.00 10.94 10.04 
18.64 19.22 19.20 16.91 16.99 16.11 13.31 12.91 12.99 12.60 11.88 11.31 10.89 10.89 10.63 10.34 

'"9.:; '"9.C'; 

17.76 19.44 16.82 16.06 16.43 14.40 12.88 12.60 il.30 12.22 11.63 10.98 10.68 10.39 10.33 10.06 s:s3 is4 

6.0 19.37 17.07 14.68 14.07 14.43 13.69 12.09 11.78 11.67 11.62 10.87 9.78 16.20 16.90 13.68 13.20 13.66 12.89 11.40 11.09 10.93 10.89 9.28 z% t% 
14.19 14.89 12.8@ 12.44 12.77 12.17 IO.78 a:61 a: 20 
13.33 14.01 12.19 ii.77 12.09 11.64 

I;.;; '$3: l"g:J t*:: 
8.22 7.83 

12.67 13.24 11.69 11.17 11.48 IO.97 
'C$f; 

. 9:ro 9:37 a:04 7.86 7.60 

16.0 9.71 7.79 7.46 7-11 8.76 6.66 
Z:: 8.02 

X-t:: 
s:ss 6.62 6.63 6.26 6.40 

76::; 
6.19 6.98 

Z-F 
. 6.72 

Et8 Z-E s:39 

6.19 4.89 6.82 

4.72 6.26 4.48 4.98 4.30 4.78 4.80 4.14 t-E . :~~ 4108 ES 4101 3.92 4.34 

ii:: 4.799 6.211 6.619 6.147 4.931 6.060 4.488 4.893 4.631 6.048 4.897 4.407 4.029 4.384 4.307 3.969 4.276 3.932 4.302 3.968 4.076 3.751 3.916 3.606 3.803 3.601 3.780 3.482 3.781 3.484 3.721 3.431 3.382 3.644 3.681 3.306 

so:0 FE*: 

4.400 4.768 4.296 4.163 4.286 4.189 3.734 3.671 3.848 3.872 3.481 3.348 3.260 3.234 3.237 3.190 3.146 3.074 

4.093 3.932 4.432 4.164 3.994 3.746 3.671 3.831 3.748 3.999 3.686 3.848 3.486 3.272 3.427 3.219 3.200 3.408 3.431 3.224 3.263 3.067 3.127 2.940 3.038 2.867 3.026 2.846 3.028 2.848 2.986 2.809 2.773 2.946 2.879 2.710 

EL: 3.908 3.412 3.916 3.709 3.631 3.344 3.243 3.424 3.634 3.348 3.261 3.442 3.088 2.928 3.039 2.881 3.021 2.866 3.046 2.888 2.888 2.739 2.836 1.777 2.699 2.661 2.662 2.689 2.692 2.660 2.866 2.622 2.492 2.623 2.664 2.438 

100:0 Z.8 

3.098 3.368 3.033 2.942 3.037 2.961 2.669 2.618 2.604 2.627 2.492 2.397 2.330 2.324 2.327 2.298 2.271 2.222 

2.829 2.618 3.091 2.864 2.784 2.681 2.701 2.604 2.686 2.768 2.720 2.623 2.444 2.268 2.407 2.234 2.396 2.224 2.246 2.417 2.130 2.293 2.060 2.207 2.146 1.993 2.140 1.989 2.144 I.992 2.118 1.969 2.093 1.947 2.049 1.908 

160.0 1.967 2.140 1.940 1.883 I.943 1.901 1.711 1.687 1.681 I.699 1.613 1.663 1.610 1.609 I:612 1.496 1.479 1.463 

E:o" I.606 1.402 1.777 1.664 I.611 1.411 1.661 1.307 1.601 1.399 1.678 1.383 1.419 1.244 I.394 I.209 1.399 1.227 1.416 1.243 1.179 1.342 1.322 1.161 1.123 1.278 1.262 1.101 1.267 1.106 1.087 1.241 1.264 1.103 1.210 1.086 
E:8 1.264 1.164 1.402 1.291 1.274 1.176 1.236 1.138 1.264 1.180 1.260 1.163 1.126 1.038 1.083 1.000 1.110 1.026 1.038 1.124 0.986 1.087 0.989 1.060 0.938 1.016 0.997 0.921 0.926 1.001 0.911 0.986 0.999 0.923 0.893 0.966 

1.088 1.207 1.100 1.096 1.091 1.080 0.972 0.938 O.SC.0 0.973 0.924 0.908 0.879 0.864 0.868 0.864 0.886 0.838 
1.029 1.142 1.041 1.008 1.033 1.022 0.921 0.889 0.910 0.922 0.876 0.860 0.833 0.819 0.823 0.810 0.821 0.796 
0.981 1.089 0.9S3 0.962 0.986 0.976 0.879 0.860 0.889 0.881 0.836 0.822 0.796 0.783 0.787 0.774 0.786 0.760 

*.C+*..*.**.....C.~..*...*.*~.***...*.**~.~...~*.*~*....*.*....*..~.*.**.**..****.~*...~..*.~.~.*.~.~.**~.***~*.***.*..**..**..*.*~. 
WA 

607 62 
18 SA LA PB SH Go 80 l?l LU Tl BB In IU PB BI ln U 

68 67 69 62 84 67 69 71 73 76 77 79 82 83 90 92 
*I,***~..*~~+.*.*.**..~**..*.*.**~**~.~....****..*.*..*~******.**~.**.*..~*...**.~.*..**...***.**.*.~*.*~****...*.*******~*.**.*..* 

10.93 10.44 10.49 10.67 10.48 
2: K% 

8.67 8.61 a.37 8.07 7.97 7.89 7.91 7.60 7.61 
IO.,1 10.42 10.47 10.66 10.49 8.76 8.81 8.48 8.19 8.09 8.01 8.03 7.70 7.62 
IO.76 10.29 10.34 10.42 10.37 a.73 8.69 8.46 8.19 8.09 8.01 7.70 7.61 

t:: 10.31 10.66 10.10 8.87 10.14 9.91 10.22 9.99 10.18 ~~% 8183 X.X: 8169 8.64 8.60 8.49 8.36 8.38 8.26 8.13 8.01 7.92 8.03 7.94 7.83 ;s 7186 :z . 7.44 7.66 

::: 10.06 9.83 c93 9.03 8.66 8.62 8.34 8.17 8.34 8.21 7.94 a.11 7.88 7.78 7.64 3% 7.72 

z-i m 9129 x3 a: 91 o:te t*:: a:40 P:i! 7.99 7.82 X$ 7170 7.78 7.61 x: 7141 7% 7140 

7.39 7.26 7.31 7.17 

710 s: . 7117 x 
7126 E': 7.11 6.96 7.03 6.88 

9.06 8.M 8.40 8.20 7.89 7.79 7.64 7.63 7.44 7.26 7.11 6.81 6.73 

to:0 k8 

8.692 9.247 8.278 8.341 8.369 8.002 7.811 7.629 7.441 7.303 7.198 7.119 6.946 0.871 6.790 6.007 6.619 6.449 

8.176 7.796 7.860 7.487 7.880 7.616 7.940 7.673 7.993 7.900 7.630 7.289 7.462 7.121 7.193 6.882 7.113 8.810 6.091 6.986 6.888 6.699 6.814 8.631 6.381 6.664 6.686 6.317 6.606 6.240 6.622 6.266 6.246 6.991 
6.179 
6.928 

:::: 7.449 7.133 7.167 8.864 7.184 6.880 7.238 6.933 7.268 tl.WS S.S78 9.689 6.818 8.640 6.698 6.332 6.630 6.272 6.418 6.167 6.331 6.084 8.268 6.026 8.128 6.894 6.069 6.838 6.993 6.764 6.008 6.779 6.764 6.636 6.694 6.477 

$5 6.334 6.369 6.090 6.168 6.113 6.177 0.160 6.217 6.196 6.264 6.969 6.061 6.831 4.967 6.068 4.821 4.786 6.809 4.714 6.620 4.666 6.449 4.610 6.399 4.627 6.288 4.493 6.243 4.432 6.174 4.443 6.187 4.268 4.909 4.918 4.216 
4.896 4.491 4.610 4.646 4.682 4.418 4.330 4.219 4.190 4.130 4.081 4.047 3.974 3.947 3.891 3.901 3.740 3.703 
4.148 3.994 4.011 4.042 4.078 3.936 3.868 3.764 3.740 3.689 3.646 3.617 3.663 3.632 3.481 3.490 3.346 3.314 
3.746 3.608 3.623 3.661 3.996 3.669 3.491 3.409 3.398 3.343 3.304 3.279 3.223 3.206 3.168 3.187 3.037 3.008 

%:8 3.424 J.l(ll 3.298 3.046 3.312 3.068 3.082 3.338 3.372 3.114 3.267 3.009 3.196 2.963 3.122 2.867 3.106 2.872 3.064 2.836 3.029 2.803 3.007 2.783 2.967 2.738 2.942 2.726 2.898 2.084 2.906 2.691 2.787 2.682 2.668 2.761 

60 2: 

2.940 2.833 2.846 2.698 2.899 2.802 2.760 2.690 2.978 2.843 2.614 2.696 2.663 2.642 2.604 2.610 2.409 2.387 

2.764 2.693 2.963 2.499 2.966 2.610 2.989 2.630 2.718 2.669 2.474 2.626 2.430 2.678 2.623 2.379 2.610 2.367 2.480 2.339 2.462 2.313 2.436 2.297 2.281 2.397 2.387 2.263 2.360 2.218 2.367 2.224 2.291 2.134 2.241 2.116 

i%:: 2.464 2.331 2.247 2.396 2.376 2.267 2.394 2.276 2.302 2.422 2.342 2.227 2.167 2.300 2.263 2.143 2.242 2.133 2.216 2.108 2.192 2.086 2.177 2.071 2.143 2.039 2.136 2.032 2.102 2.001 2.108 2.008 2.023 1.926 2.006 1.909 

100:0 zx 

2.126 2.049 2.069 2.076 2.100 2.032 1.997 1.967 1.949 I.926 1.900 1.893 1.866 1.869 1.830 1.836 1.762 1.746 

1.981 1.626 1.890 1.769 I.899 1.767 1.781 i.#i4 1.804 1.936 1.746 1.878 1.843 I.718 1.808 1.884 1.800 1.677 1.780 1.669 1.761 1.841 1.749 1.630 1.724 1.607 1.718 1.602 1.692 1.677 1.66'6 1.682 1.629 1.619 
1.616 
1.606 

160.0 1.391 1.341 1.347 1.368 1.377 1.333 1.311 1.289 1.284 1.271 1.268 1.260 1.233 1.230 1.211 1.214 1.168 1.166 
28 1.169 1.020 0.986 1.119 0.974 1.119 0.992 1.128 0.997 1.146 o.se9 1.109 0.980 1.091 0.943 1.074 0.943 1.070 0.933 I.000 0.918 1.049 0.017 1.043 0.907 1.029 0.901 1.026 0.886 1.011 0.889 1.014 0.883 1.001 0.866 0.968 

iii?: 0.926 0.966 0.829 0.893 0.994 0.811) 0.997 0.620 0.900 0.933 0.614 0.879 0.871 O.QOd 0.792 0.863 0.869 0.793 0.794 0.847 0.773 0.836 0.833 0.772 0.824 0.784 0.818 0.768 0.806 0.746 0.808 0.749 0.802 0.743 0.777 0.721 

400.0 0.8029 0.7763 0.7474 0.7700 0.7818 0.7640 0.7664 0.7439 0.7446 0.7386 0.7260 0.7247 0.7173 0.7124 'X7013 0.7036 0.6982 0.6772 
460.0 0.7912 0.7363 0.7290 0.7306 0.7418 0.7260 0.7177 0.706S 0.7087 0.6990 O.S8S2 0.8880 0.6810 0.6764 0.8880 0.8681 O.S628 0.6432 
600.0 0.7279 0.7032 0.6996 0.6988 0.7094 0.8936 0.0808 0.6766 0.6762 0.0690 0.6697 0.8684 0.6619 0.6476 0.6376 0.8398 0.6343 0.6169 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAIGE 11 USITS OF Rc/Sq Q( 
46 

SC Ions 
21 

E/A 9E fG AL SI CA T I  CR FE 11 aJ GE SE SR in no SE 
4 ac 12 13 14 20 22 24 26 26 29 32 34 ?a 40 42 46 4;" 

.~.....1**+.~*1****1***.*~..~**.****.*..~*~~**.***...*~..*****.*~*...**...*********~.***~~.**.*....*.*******.***.****.*.~**.*~*.*.** 
::i 4.800 6.401 4.400 6.197 6.213 7.239 6.190 7.260 6.070 7.121 7.214 8.363 7.920 9.130 8.264 9.620 8.680 9.981 10.341 8.910 10.623 9.100 11.292 9.680 10.000 11.691 10.476 12.210 10.670 12.421 10N.861 11.197 11.490 

12.674 
2.: 
4:s 

6.266 7.166 6.936 6.042 9.421 8.307 8.372 9.631 8.212 9.346 10.746 9.628 11.873 10.479 
13.203 13,423 

11.022 12.469 12.697 11.418 11.802 13.304 13.773 12.177 14.619 12.936 16.170 13.410 13.971 14.197 14.611 16.214 16.376 
16.771 16.012 16.386 8.131 7.881 17.261 17.366 10.682 10.739 10.630 12.011 13.318 13.966 14.426 14.862 16.418 16.362 16.978 
17.620 17.874 18.306 19,324 19.402 

6.0 9.162 8.876 11.794 11.997 11.761 13.324 14.816 16.614 16.006 16.460 17.114 16.139 18.840 19.621 19.788 
6.6 10.229 9.921 13.066 

20.278 21.442 21.489 
13.308 13.042 14.687 16.396 17.117 17.639 18.100 18.866 19.981 20.768 21.478 21.768 22.309 23.610 23.633 

6.0 11.360 11.017 14.369 14.670 14.374 16.100 17.973 18.776 19.329 19.804 20.672 21.881 22.734 23.493 23.786 24'.392 25.830 26.836 
6.6 12.646 12.162 16,731 16.086 16.766 17.664 19.636 20.489 21.073 21.662 22.637 23.640 24.770 26.667 26.873 26a.638 
7.0 

28.106 28.100 
13.787 13.368 17.146 17.664 17.168 19.079 21.364 22.261 22.876 23.376 24.460 26.869 2i38.867 27.703 2S.020 28.744 3J.438 30.426 

8.0 16.43 16.90 20.13 20.66 20.21 22.26 24.96 26.37 26.66 27.17 28.46 30.08 31.26 32.16 32.60 33.34 36.28 36.27 
9.0 19.28 18.63 23.32 23.96 23.43 26.66 28.80 29.92 30.66 31.19 32.74 34.64 36.87 36.86 37.22 40.37 

10.0 21.66 29.71 
38.19 40.36 

22.36 27.46 26.86 29.26 32.86 34.09 34.88 36.43 37.23 39.26 40.76 41.82 42.20 43.29 46.69 46.72 
:::: 23.10 26.63 27.98 24.68 34.09 30.30 31.19 36.11 34.29 30.47 33.06 37.06 41.66 37.16 38.49 43.11 44.03 39.34 3B.30 44.60 49.93 41.97 49.40 44.20 46.88 61.26 47.02 62.48 47.42 62.90 48.64 61.26 61.34 

64.24 67.08 67.21 

16.0 40.76 39.00 46.66 48.11 49.93 60.26 66.62 68.33 69.44 90.00 93.23 66.44 68.87 70.32 70.79 72.64 76.99 76.39 

30:0 z:.: 
94.07 00.96 71.46 73.76 71.84 76.16 86.61 88.OE 89.61 PO.01 94.96 PP.66 103.06 104.90 106.46 107.91 112.36 113.34 

124.62 92.09 117.66 87.19 100.89 134.83 104.18 139.24 101.37 136.38 106.77 141.96 119.96 169.33 123.12 163.28 124.89 166.40 126.27 166.60 132.21 174.80 138.42 182.80 143.13 188.88 146.36 191.48 146.96 192.11 148.19 164.68 166.41 
lPiB.17 202.61 206.36 

36.0 161.61 161.87 173.11 178.76 173.70 181.63 203.69 208.38 210.87 210.82 222.64 232.63 240.11 243.09 243.74 24S.67 266.94 269.98 

2:: 202.6 247.8 231.9 130.0 216.6 262.2 270.7 222.6 216.2 262.8 226.4 273.4 306.2 262.6 312.8 268.3 261.1 316.1 316.4 260.8 276.3 332.9 287.6 347.4 368.4 296.7 300.0 300.7 306.6 314.7 320.1 
362.1 362.7 

Et: 297.0 360.1 277.4 326.6 312.7 387.2 
389.6 

322.9 379.0 313.4 387.8 326.4 381.4 394.3 426.7 371.9 436.4 
378.7 386.6 

376.6 439.6 374.6 437.9 396.2 412.3 426.2 429.2 429.8 437.6 447.7 466.2 
462.1 481.9 496.8 601.2 501.7 

60.0 406.9 378.9 
610.6 

426.4 439.1 426.9 441.2 493.3 603.1 607.7 
621.7 631.9 

506.6 633.6 666.1 673.2 677.9 678.4 688.3 600.6 612.6 

?5:: 467.6 631.7 434.8 493.9 487.3 662.8 502.9 670.6 487.8 663.2 604.7 671.9 639.0 664.2 661.2 676.1 666.6 680.1 663.3 677.4 609.3 689.3 634.9 718.1 664.3 669.3 669.6 870.7 683.9 697.9 
739.9 746.2 746.6 767.7 

it: 670.6 822.9 621.6 761.8 694.3 849.3 716.4 876.2 694.6 849.4 716.9 875.7 
772.0 788.0 

800.6 977.2 816.3 994.7 1001.9 821.6 816.9 996.7 1060.3 861.8 897.4 924.4 930.3 930.2 944.9 961.4 981.7 
1093.3 1126.9 1132.3 1131.9 

100.0 913.6 1017.2 
1149.1 

988.4 1017.4 1049.4 1047.6 
1166.0 1192.8 

1168.6 1188.9 1197.1 1189.1 1264.2 1306.1 1343.8 1360.7 1349.9 1369.6 1391.2 1420.7 

160.0 1997. 1937. 2037. 2100. 2036. 2083. 2326. 2364. 2377. 2367. 2486. 2683. 2669. 2667. 2664. 
E: 4781. 3276. 3000. 4360. 

2698. 2736. 
3320. 4818. 3423. 3320. 4831. 3399. 4928. 

2791. 
3782. 3841. 3866. JB19. 4027. 4160. 4279. 4316. 4308. 

2% 6681. 
4360. 4388. 4600. 

3oo:o 6823. 6974. 6164. 6240. 6224. 6476. 6888. 6307. 6600. 6627. 6303. 

8807: 

6644. y3;. pg. 7430. 6622. 
7834. 8017. 8276. 8393. 8368. 8486. 

360.0 8334. 7664. 
8468. 

6434;: 

8343. 8384. 8622. 9474: '9%: 9624: 9616. 10033. 10261. 10686. 10746. 10709. 10866. 10806. 11139. 

400.0 10336. 9368. 10326. 10663. 10382. 10641. 11717. 12046. 11896. 11767. 12396. 12662. 13066. 13271. 13222. 
460.0 12466. 11286. 12430. 12603. 

13420. 13326. 13744. 
12826. 12686. 14098. 14614. 14304. 14134. 14900. 16200. 16697. 

600.0 
16949. 16888. 

14706. 13306. 14646. 14734. 
18128. 16996. 16604. 

16112. 14940. 16600. 17104. 16836. 16632. 17631. 17877. 18462. 18762. 18687. 18976. 18802. 19402. 

*******~..******.*..*.**.****.*.**.**..*****..*************.****************...*****.~**.**.**..*******..***************.**~***..*** 
E/A SE l-E BP LA PFt SM CD 80 RI LU TA RE Iit AU Ps 81 Ttl 

60 62 66 67 69 62 64 67 69 71 73 76 T-7 79 82 83 PO 92" *t.~~*.***C*~***.t*t**~**..******~***.************~*****.********..********.*.*~********.******,**.*******.****.***~.**.******.**..* 
2.6 12.07 12.63 13.63 13.79 14.31 16.06 16.49 16.07 16.41 16.76 17.10 17.47 17.84 18.18 18.61 
3.0 

18.77 20.13 
14.13 14.68 16.68 16.92 16.46 17.31 

20.66 
17.82 18.63 18.93 19.33 19.73 20.14 20.61 20.98 21.44 

43:; ;;A; 

20147 

16.86 19.06 17.84 20.04 
21.68 23.06 23.63 

18.07 20.26 20.80 18.61 21.89 19.69 20.17 22.64 23.48 20.99 21.43 23.96 21.90 24.49 22.34 24.97 22.79 23.36 23.76 24.24 24.38 26.98 26.48 
26.46 26.11 26.64 

4.6 
27.06 

21.31 22.47 23.03 
27.19 28.91 29.46 

22.28 24.24 24.96 26.01 26.63 27.11 27.64 28.17 28.89 29.37 29.91 30.04 31.88 32.46 

6.0 22.68 23.62 24.68 24.76 26.32 26.64 27.41 28.68 29.16 29.78 30.36 30.92 6.6 31.72 32.23 32.81 24.96 26.98 26.93 27.09 27.66 29.09 34.90 36.60 29.93 

27.28 

31.21 31.82 
32.61 33.13 33.72 34.61 

6.0 
36.16 36.76 

32.93 

28.41 29.36 
36.87 

29.49 30.06 31.61 
37.97 38.61 

32.61 33.90 34.64 36.29 36.96 38.68 
29.67 

37.66 38.12 36.77 
6.6 30.90 31.84 31.96 32.62 34.19 

41.10 
36.16 36.66 37.33 

38.87 41.76 
38.14 38.84 39.61 7.0 40.66 41.84 32.12 33.46 34.39 41.16 34.49 36.06 36.83 37.87 39.47 40.19 41.94 44.30 46.01 
41.06 41.80 42.60 43.62 44.27 44.98 46.07 47.67 48.32 

8.0 37.23 38.78 39.69 39.76 40.30 42.32 43.49 45.31 46.10 47.07 47.91 48.68 9.0 49.96 60.68 61.47 42.60 44.38 61.64 46.26 46.28 46.82 49.08 64.33 49.39 61.43 62.2B 63.38 64.30 66.15 
66.14 69.68 67.37 68.24 

10.0 48.24 60.26 61.11 61.08 61.60 64.12 66.67 67.83 68.76 
68.29 61.38 62.27 

69.96 So.98 61.89 63.49 94.36 66.31 
11.0 64.14 56.40 67.23 67.16 67.66 

66.34 
50.43 

88.74 69.71 
62.03 64.61 66.60 86.83 67.94 68.93 70.69 71.61 72.67 

12.0 
72.68 

50.32 62.82 63.64 63.62 63.98 67.02 
76.41 

98.77 71.47 72.64 
77.46 

73.98 76.20 76.26 78.18 79.18 80.32 $0.32 84.38 86.62 

16.0 80.44 83.76 84.49 84.21 84.67 88.44 90.68 94.07 96.33 97.16 98.68 3B.W 20.0 119.22 124.07 102.39 103.61 106.08 124.66 124.06 124.16 129.66 132.69 137.30 138.92 141.42 143.61 106.02 110.16 111.6f 
146.19 148.64 

26.0 164.34 170.96 171.34 170.40 170.14 177.27 
160.13 162.23 182.06 169.26 

181.38 187.32 189.30 
161.16 

192.64 196.26 
30.0 216.68 224.19 

197.38 201.72 203.69 
224.36 223.00 222.29 

206.64 206.23 
231.34 243.90 

216.77 218.24 
236.64 246.26 260.30 

36.0 272.76 
263.71 266.29 

283.66 2S3.48 281.66 
281.71 264.07 2i37.79 

280.42 291.66 
297.32 n9.60 282.69 

297.96 306.82 W9.66 314.47 318.64 321.72 328.29 331.03 336.76 336.10 350.19 363.96 

tix 404.1 336.7 348.9 419.9 419.3 348.6 346.2 416.4 344.3 413.8 367.7 429.7 366.4 376.9 379.0 384.9 389.8 393.6 401.3 404.4 410.2 
438.7 460.9 

409.4 427.6 432.1 
so:0 464.4 481.3 467.1 478.0 471.3 480.4 496.6 436.6 483.9 491.0 492.1 488.8 607.2 

617.7 
488.9 

631.7 636.7 
611.6 616.6 

643.6 65.0 667.1 678.7 660.3 666.1 666.6 677.4 669.6 677.8 673.3 669.0 690.2 602.3 618.1 $79.6 601.9 608.0 
622.6 60.0 631.6 639.2 H4.7 641.3 (lb6.1 666.6 694.4 669.6 664.4 660.9 670.6 678.6 710.0 689.1 698.3 

692.2 714.9 726.0 733.8 
705.3 

739.9 763.3 768.0 769.2 767.4 800.8 808.7 

66.0 730.6 768.7 766.6 761.1 744.8 772.0 787.6 807.2 812.6 70.0 823.8 824.7 866.4 833.8 840.6 866.6 863.9 947.6 940.2 870.6 860.6 873.6 887.8 909.7 
916.6 

871.4 309.1 918.0 
80.0 1027.1 928.0 s46.6 10C8.4 1062.9 939.1 963.2 1064.9 1046.1 1082.4 968.9 983.2 1103.6 1123.7 $80.8 
PD.0 1136.6 1161.6 1247.7 1296.3 1166.1 

1023.1 1033.1 
1174.1 1290.8 1194.3 1200.5 1281.0 1268.4 1313.2 1218.7 

1338.3 1369.2 1377.1 1394.9 1411.1 1421.7 1446.6 
1215.7 1267.8 1279.9 

100.0 1486.8 1642.3 1636.7 1462.6 1474.8 1624.9 1609.3 1662.1 1691.6 1627.3 1636.3 
1667.1 

1676.0 
1688.4 1716.2 1723.9 

1471.0 1633.8 1648.1 
1760.6 1749.0 1820.1 1837.0 

160.0 2917. 3027. 3014. 2991. 2966. E2 3111. 3174. 200.0 3189. 4703. 4878. 3227. 4869. 4821. 47&D. 3347. 3333. 
7098: 5003. 6099. 260.0 6120. 6780. 7029. 6177. 

x3:. 
7022. 6366. 9874. 7212. 7346. 7636: 

y3;, 
7679: 

2%: 
6363. 6446. 

300.0 9102. 9433. 9463. 73;;. 7461. 7683. 9396. 9267. 9641. 7716. 7836. 3660. 9867. 

360.0 11636. 12066. 
5988. 10111. 

12106. 
10168. 10341. 

12028. 11861. 12206. 12370. 
10291. 10604. 

12694. 12621: 12763. 12917. 12869. 13131. 13203. 13410. 

400.0 14366. 14671. 14949. 14863. 14663. 16062. 16266. 460.0 17238. 17864. 16828. 16644. 15717. 16924. 17992. 17611. 16981. 17866. 18068. 16175. 16266. 16624. 
18312. 18636. 

16472. 16736. 17188. 
600.0 20261. 16649. 20986. 18866. 19107. 2lt24. 20716. 19171. 21017. 21263. 19397. 19612. 19619. I 

21619. 21896. 21906. 22148. 22446. 22616. 22776. 22914. 23274. 2 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

E.ECTROIIC .5IOPPIlG POWER 11 UYITS OF lW/tHG/SQ al) 
48 

TI 101s 
22 

WA Be 
2 12 

Is AL SI CA n at FE 11 al GE SE SF. la no SE 
4 13 14 20 22 24 28 28 29 32 34 38 40 42 46 4” 

.I....L.L.....+L.t.**.~....*......~***.**......*.***.*~..*....~.**.**.~.~.....*..***~...~*.**....*.~.~...~*..*.***.*...**.**..~.*~.. 

::!I 31.20 29.24 31.07 29.37 23.78 22.98 22.TS 21.03 23.17 22.44 21.30 20.76 18.47 19.06 17.89 17.34 17.21 18.91 18.69 18.83 16.80 lb.69 14.90 14.74 14.19 14.08 13.82 13.72 13.88 13.69 13.20 13.14 11.86 11.93 12.36 12.33 

3.: 
4:s 

27.47 26.88 28.31 27.77 22.08 21.20 21.20 20.38 21.82 20.80 20.09 19.40 IT.63 18.98 18.87 18.38 18.48 18.00 18.22 16.78 16.26 14.86 14.44 14.09 13.81 13.48 13.48 13.18 13.37 13.08 11.94 12.87 11.88 11.70 12.17 11.94 
24.48 24.98 20.36 19.68 20.00 18.71 18.39 16.83 16.61 16.32 14.42 13.89 13.12 12.84 12.76 12.37 11.49 11.87 

i:: 23.19 22.06 13.77 22.87 19.66 18.81 18.82 18.10 19.24 18.62 18.06 17.42 16.84 16.31 16.32 14.82 16.02 14.64 14.88 14.40 13.99 13.67 13.29 12.90 12.78 12.40 12.60 12.16 12.41 12.07 12.06 11.73 11.26 11.00 11.3s 11.10 
21.02 11.68 18.11 17.44 17.86 18.81 14.80 14.34 14.08 13.97 13.17 12.63 12.06 11.82 il.74 11.41 IO.74 10.81 
20.09 20.77 17.46 18.81 17.22 18.28 14.32 13.89 13.86 13.66 12.78 12.18 la.71 11.49 11.42 11.11 10.49 10.63 
19.24 19.S4 19.86 18.24 la.84 16.73 13.87 13.48 13.24 13.16 11.41 11.82 11.38 11.17 11.11 10.82 10.24 10.28 

1o:o x.: 
17.76 18.48 16.76 16.19 16.68 14.77 13.04 12.88 il.48 il.42 ii.72 11.17 10.77 10.69 10.64 10.27 9.76 
18.60 16.42 17.23 10.16 14.79 13.96 14.27 13.47 14.66 13.83 13.17 13.92 12.31 11.88 11.98 11.36 11.80 11.19 11.18 11.79 ii.10 10.64 10.69 10.07 '"9.;: lOgA; 10.01 zz %*31 a:92 9.29 

:::: IQ.49 13.87 16.21 14.38 13.20 12.64 11.11 11.76 12.46 13.10 12.48 II.89 10.66 11.07 10.79 10.18 10.66 10.16 10.16 10.83 I;.;; . t4 . 9127 8.88 a.73 9: 13 x.2 8170 a:00 8.61 8.66 8.20 XT a:11 

16.0 I;.;: :;A; log.;: log.;; log.;; 1og.g ;.:t FE 8.93 8.46 8.09 7.73 7.66 

Jo:0 z-0" a:11 8187 7174 8.80 7149 0.68 7:72 8.79 7146 8:86 8: 6.78 62 

7.47 7.09 

tt: 6:21 

xi 

6.08 6:71 

6.62 
I% 

6.02 6:86 

8.38 
3% 7.21 

8.11 

36.0 x . 3% . 
x 8.14 6.43 E! 6.66 4.93 4.84 6:44 Ei 

8.09 6.90 8.08 :% . Ix; . 6.17 6:13 6.18 4.89 4.89 4.68 4: 63 4.63 4.46 4.38 4128 

40.0 6.703 8.143 6.624 6.361 6.621 6.366 4.794 4.709 4.874 4.703 4.468 4.281 4.167 4.132 4.133 4.088 4.006 3.914 

%8 
66:0 

4.818 6.217 6.830 6.208 6.088 4.8991 4.911 4,648 4.892 6.087 4.920 4.669 4.407 4.080 4.331 4.017 4.301 3.991 4.329 4.019 4.103 3.809 3.943 3.881 3.830 3.667 3.809 3.639 3.811 3.642 3.763 3.490 3.899 3.442 3.814 3.384 
4.483 4.861 4.374 4.240 4.378 4.266 3.818 3.763 3.729 3.766 3.681 3.423 3.328 3.311 3.314 3.287 3.224 3.161 

80.0 4.198 4.648 4.103 3.978 4.108 3.996 3.684 3.628 3.604 3.631 3.348 3.219 3.128 3.110 3.119 3.078 3.037 2.988 

%8 3.963 3.739 4.287 4.068 3.886 3.889 3.761 3.664 3.872 3.888 3.673 3.770 3.208 3.383 3.329 3.167 3.310 3.139 3.338 3.166 3.183 3.001 3.042 2.887 2.968 2.808 2.946 2.798 2.949 2.800 2.783 2.910 2.873 2.730 2.809 2.889 

1oo:o %X 

3.386 3.879 3.326 3.226 3.329 3.246 2.916 2.870 2.866 2.879 2.731 2.828 2.664 2.647 2.661 2.619 2.489 2.436 

3.101 2.871 3.378 3.128 3.063 2.830 2.981 2.748 3.067 2.834 2.982 2.767 2.660 2.487 2.839 2.460 2.816 2.439 2.860 2.481 2.614 2.336 2.419 2.248 2.361 2.186 2.346 2.180 
2.360 2.296 2.248 
2.186 2.322 2.169 2.134 2.090 

160.0 2.148 2,347 2.119 2.068 2.132 2.086 1.877 1.861 1.844 1.884 1.789 1.704 1.668 1.866 1.869 1.842 1.823 1.694 
E:8 1.781 1.639 1.949 1.706 1.788 1.648 1.713 1.600 1.767 1.636 1.731 1.618 1.667 1.386 1.629 1.328 1.636 1.347 1.663 1.384 1.472 1.293 1.460 1.274 1.403 1.232 1.374 1.208 1.380 1.213 1.362 1.193 1.378 1.328 
300.0 1.387 1.638 1.398 1.366 1.387 1.372 1.234 1.188 1.219 1.234 I.171 1.162 1.116 1.094 1.099 1.081 :.2l; ;.;g 

360.0 1.277 1.417 1.289 1.249 1.279 1.286 1.139 1.098 1.126 1.140 1.081 1.084 1.030 1.011 1.018 0.999 I:013 0:980 

it:.: 
600:0 

1.194 1.129 1.326 1.263 1.207 I.142 1.189 1.108 1.197 1.134 1.186 1.122 1.087 1.010 0.976 1.029 0.998 1.064 1.088 1.012 0.960 1.014 0.997 0.944 0.914 0.986 0.948 0.899 0.962 0.903 0.889 0.937 0.960 0.901 0.920 0.872 
1.077 1.196 1.090 1.068 1.082 1.071 0.986 0.933 0.664 0.987 0.918 0.902 0.874 0.86s 0.883 0.860 0.881 0.834 

*.............*.C........*......*...*..*.............***.*......*..*.***.*...*....*..*.*.*.*....*,..**....**...**~.*.......*.**.**... 
WA SI Ts @A LA Ps sn Go a0 In LU IA SJJ Ia AU w BI Ts 

60 62 68 67 69 62 a4 67 a9 71 73 7s 77 79 82 a3 90 92” 
*.*r~.....~*r..**..*....**.~..*~.**~*~****.***~*~**~~~**~*~~~~~***~*~~****.**~*******~~~~~~*~~*****~********~~~~*~~*~~**~~~~**~**~~ 

E 
3:6 

11.69 II.169 11.06 11.08 11.11 11.12 11.20 11.11 11.11 11.14 10.49 10.66 10.17 10.24 z: 
9:a9 

9.42 9.63 :% . 9.01 8.88 8.66 
Et 

f3.2 
8:61 

8.38 8.60 8.38 8.63 8.04 8.18 7.96 8.08 
11.48 10.98 11.01 11.09 11.04 10.47 10.18 9.62 8.62 a.54 8.19 8.10 

4.0 11.26 10.78 10.82 10.90 10.86 10.32 
4.6 11.02 10.66 10.69 10.67 10.66 10.13 

lOgA; 8% 9.42 E s:oa 8.68 8.48 8.49 8.13 8.04 
. . 9.28 9:oa 8.93 8.46 8.38 8.38 8.03 7.94 

FL: 10.60 10.76 10.08 10.31 10.10 10.36 

8.: 10.24 9.81 
710 z: . z3 . 

9.86 9.80 
9.37 

1o:o E 

9.264 8.881 8.914 

8.818 8.418 8.486 8.086 a.497 8.114 
11.0 8.063 7.738 7.764 
12.0 7.718 7.417 7.444 

16.0 6.870 8.606 6.830 
20.0 6.828 6.808 6.829 
26.0 6.084 4.894 4.913 

z:: 4.091 4.628 4.368 3.940 4.376 3.966 

28 3.742 3.468 3.606 3.330 3.910 3.344 

SO:0 ix 
3.217 3.100 3.113 
3.014 2.840 2.SO4 2.738 2.748 2.917 

%8 2.888 2.664 2.462 2.690 2.472 2.8001 

1oo:o 2.: 

1.330 2.248 2.268 

2.160 2.001 2.072 1.920 2.081 1.937 

160.0 1.626 1.471 1.477 
200.0 1.271 1.228 1.228 
260.0 1.119 1.081 1.08s 

%:8 0.03s 1.016 0.980 0.907 0.970 0.897 

400.0 0.8808 0.8608 0.8422 
460.0 0.8364 0.9070 0.7990 
m.0 0.7999 o.r?ia 0.7844 

2% 
9:92 
9.88 
9.44 

8.981 
8.661 
8.178 

;::i: 

8.681 

3.648 

z: 
21274 
2.098 
1.963 

:*:i: 
1:07a 
0.973 
0.900 

EE 
0:raae 

10.41 9.92 9.66 9.26 9.11 8.92 8.78 8.87 8.42 8.32 8.23 8.26 7.91 7.82 

9.46 8.76 8.81 8.61 8.27 a. 18 8.09 8.11 7.76 
E: 8.44 8.12 8.02 7.96 

T:E 

8181 
8.67 8.39 

X% 1 
a.34 8.17 

?R . 3% . 
7.93 7.77 

5% . 
7.62 7.46 

8.11 8.00 7.62 7.31 F:E 

8.816 8.409 8.104 8.008 7.861 7.747 
8.033 7.764 7.668 7.630 7.424 
7.887 7.418 7.360 7.221 7.121 
7.368 7.127 7.066 6.936 8.840 
7.074 8.849 6.783 8.689 6.680 

7.662 

T%i 
a:772 
8.616 

7.394 7.306 7.324 7.014 6.938 
7.097 7.011 7.028 6.730 6.868 
6.817 6.733 6.760 6.484 6.396 
6.668 8.474 6.490 8.216 6.160 
6.313 8.233 8.249 6.984 6.922 

6.719 8.482 8.322 6.135 6.082 6.986 6.907 6.663 5.733 6.683 6.808 6.822 6.386 6.330 
6.714 6.603 6.389 6.242 6.203 6.116 b.‘Xl 6.018 4.922 4.884 4.817 4.830 4.828 4.682 
4.992 4.813 4.717 4.696 4.684 4.499 4.446 4.408 4.328 4.299 4.238 4.249 4.073 4.033 
4.449 4.293 4.209 4.106 4.079 4.023 3.976 3.946 3.876 3.862 3.796 3.808 3.649 3.614 
4.026 3.889 3.812 3.721 3.699 3.660 3.808 3.680 3.619 3.600 3.448 3.467 3.316 3.284 

~%z 
3:i72 
2.973 
2.902 

3.492 3.412 3.393 3.349 
3.229 3.167 3.140 3.100 
3.009 2.943 2.828 1.892 
1.612 2.781 2.747 2.714 
2.880 2.604 2.692 2.660 

3.288 
3.043 
2.839 

::Xf 

3.231 3.216 3.187 3.176 3.046 3.017 
2.979 2.934 2.942 2.823 2.797 
2.781 2.739 2.746 2.636 2.611 
2.612 2.672 2.679 2.476 2.463 
2.488 2.428 2.436 2.337 2.318 

2.663 1.666 2.619 2.488 2.468 2.427 2.400 2.384 2.347 
1.622 1.439 2.396 2.347 2.338 2.309 2.184 2.266 2.134 
2.302 2.217 1.188 2.146 2.136 2.111 2.088 2.074 2.044 
2.124 2.068 2.020 1.982 1.973 1.961 1.930 1.917 1.889 
1.978 1.016 1.882 1.846 1.839 1.819 1.7SS I.788 1.782 

1.463 1.439 I.414 1.409 1.394 1.380 1.371 1.363 1.349 1.328 1.332 1.279 1.269 
I.217 I.198 I.178 1.174 1.183 1.161 1.144 1.129 1.126 1.109 1.112 1.098 1.082 
1.084 1.063 1.036 1.036 1.024 1.009 1.007 0.996 0.988 0.973 0.978 0.989 0.939 
0.966 0.968 0.930 0.940 0.929 0.018 0.914 0.906 0.898 0.884 0.887 0.881 0.863 
0.893 0.884 0.88S 0.870 0.861 0.848 0.847 0.838 0.631 0.819 0.821 0.816 0.791 

2.338 2.302 2.309 2.216 2.196 
2.226 2.192 2.198 2.109 2.091 
2.037 2.006 2.011 1.930 1.914 
1.884 1.864 1.869 1.786 1.770 
1.767 I.729 I.734 1.886 1.661 

:* t:3; 
0: 7786 

0.8386 0.8302 0.6194 0.6i72 0.6083 0.7988 0.7964 0.7872 0.7818 0.7697 0.7712 0.7662 0.7432 
0.7967 0.7877 0.7748 0.7768 0.7672 0.7684 0.7660 0.7474 0.7424 0.7309 0.7332 0.7274 0.7069 
0.7813 0.7636 0.7413 0.7422 0.7342 0.7240 0.7228 0.7166 0.7107 0.8998 0.7020 0.8981 0.6780 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

46 
RAIGB 11 UlITS OF l'IG/SQ Ql TI IOIIS 

22 

WA BE 
ac 12 

ni AL SI CA TI CFI FE II al GE SE SR ?a HO Ml 
4 13 14 20 22 24 26 28 29 32 34 36 40 42 46 47pG 

*I*.*,**..**~**.**..*.~***.**...****..****.**..****.***.**.**.*.**.*..**********.***.***.*****.*.**.***.**....****......**~***.*..** 
3:: 4.680 6.476 4.490 6.266 6.332 7.366 6.310 7.360 6.190 7.242 7.362 6.493 7.970 9.263 6.416 9.766 10.166 6.760 lO.Sl6 9.060 10.796 9.270 11.486 9.670 10.200 11.897 10.677 10.670 

12.418 12.628 
11,064 11.410 11.710 
12.686 13.426 

3.8 6.322 7.223 6.126 7.013 
13.662 

6.424 9.634 8.491 9.646 8.331 9.463 10.864 9.666 10.632 12.024 11.166 12.633 11.692 13.070 il.976 13.478 12.363 13.948 13.132 14.816 13.619 16.377 14.182 14.407 14L726 16.441 16.610 
416 16.982 16.222 6.177 7.960 17.477 17.600 10.669 10.847 10.640 12.144 13.463 14.124 14.693 16.021 16.687 16.644 

17.162 
16,699 

17.826 18.081 18.616 19.648 19.633 

ii:: 10.247 9.186 9.969 6.936 11.892 13.144 12.096 13.398 11.663 13.136 13.460 14.804 14.963 16.494 17.266 16.666 16.166 17.791 16 la:263 612 19'016 17 277 

20:613 

18 20'166 323 

22:044 

20'944 19 036 

22:W8 

19.720 21 668 19 968 
21'949 

20 482 
22'601 

21 669 21 714 

6.0 11.362 11.062 14.446 14.749 14.466 16.206 16.069 16.906 19.468 19.946 23:671 23:964 
23'816 23'849 

6.6 12.631 12.163 16.796 16.161 17.667 19.738 
2x3:024 IS:040 

16.824 20.806 21.199 21.690 22.664 23.966 24.929 26.731 26.037 
24:676 

7.0 13.762 13.363 17.196 17.603 17.242 28.264 26.268 19.168 21.441 22.361 22.984 23.468 24.670 26.990 l7.008 27.849 
28.167 

26,706 
28.896 x).699 30.697 

8.0 16.36 16.87 20.14 20.66 20.22 22.31 26.01 26.04 26.72 27.24 26.66 30.17 31.36 32.26 32.60 36.40 
to".: 19.16 22.17 21.44 16.66 

36.40 
23.29 26.63 23.92 27.39 23.40 26.76 29.20 26.66 32.81 28.80 34.06 29.93 30.68 34.66 31.22 36.41 37.20 32.76 

33.46 
39.23 34.68 40.74 36.92 36.92 37.26 36.26 40.43 40.44 

11:o 41.81 42.20 26.38 24.60 Jo.17 43.29 46.69 31.06 30.36 32.96 37.03 46.74 38.39 39.26 39.82 41.87 
44.12 

46.80 
46.96 

26.79 27.76 
47.36 

12.0 33.90 
46.67 61.19 61.28 

34.92 34.11 36.89 41.48 42.94 43.67 44.44 46.76 49.24 61.10 62.32 62.76 64.09 66.92 67.07 

16.0 40.20 38.66 46.24 47.69 46.63 49.87 66.09 67.91 69.03 69.69 62.79 68.00 68.43 69.66 70.36 

30:0 P.8 
63.01 0.06 70.66 72.82 70.96 76.27 84.64 87.09 88.63 89.04 93.93 98.61 101.99 103.83 104.38 

122.13 90.38 116.39 86.73 132.62 99.36 102.60 136.86 133.06 99.86 106.26 139.64 118.26 166.76 121.41 160.67 123.18 162.79 163.00 123.67 130.41 172.06 136.67 179.97 141.24 186.96 143.46 144.06 147.26 162.62 164 42 
188.67 169.21 

36.0 168.11 148.90 
193.22 199.60 202'30 

169.89 176.46 l70.60 178.30 199.98 204.72 207.20 207.18 218.69 226.66 236.03 239.00 239.66 244.62 261.71 266:68 

ii.: 198.2 242.2 227.0 166.1 211.3 266.6 216.2 186.1 212.0 267.4 221.1 267.9 300.1 247.6 306.6 263.4 309.8 266.3 266.0 270.2 262.2 291.2 294.6 296.2 301.0 309.1 314.4 
w:o 3X.2 366.6 326.4 340.6 361.4 290.2 271.4 366.1 366.6 382.6 306.0 371.6 376.3 316.0 306.7 318.6 366.7 364.2 367.6 

387.1 403.9 416.6 
66.0 

420.6 421.1 
341.8 319.2 370.7 

428.6 438.8 447.1 
369.0 369.7 373.1 417.6 426.0 430.1 428.6 462.3 471.7 486.4 490.7 

60.0 397.2 370.3 416.7 
491.2 600.0 610.9 

429.1 416.3 431.4 
620.9 

482.4 492.1 496.6 494.6 621.9 644.0 660.8 666.6 666.9 676.7 667.7 699.4 

66.0 466.1 424.7 476.0 491.3 476.6 493.3 661.4 662.2 667.0 664.6 696.7 620.8 639.8 70.0 644.7 618.6 646.1 688.9 462.3 639.6 667.1 540.3 666.7 666.0 682.6 624.3 636.2 641.6 
638.4 673.6 701.8 723.1 

100: iE 0 
663.7 606.7 677.6 

728.4 728.6 
699.1 677.6 

740.6 764.7 
699.8 781.6 796.9 

770.3 
802.1 797.7 841.6 676.3 902.7 908.6 908.6 

802.0 963.0 743.0 690.9 
939.1 

828.3 991.8 1023.1 864.6 626.6 991.7 1021.6 664.3 1139.6 963.4 1169.6 970.6 1167.6 977.6 1169.8 971.6 1223.2 1024.9 1066.9 1273.0 
922.8 

1098.8 1106.1 1104.8 1121.6 1140.1 11':::: 
1310.8 1317.6 1316.8 1336.2 1367.2 1386.1 

160.0 1944. 1789. 1983. 2046. 1982. 2036. 2266. 2302. 2316. 2296. 2420. 2616. 2689. 
5%: ii::. 

2698. 2694. 
4242. 2920. 3230. 4667. 

2664. 
3331. 4834. 3230. 4399. 3308. 4796. 3881. 6333. g. 

2628. 2718. 
3763. 5428. 3717. 6373. 3919. 6666. 4039. 4166. 4201. 4193. 4271. 4380. 

6612. 6997. 
ZE 6298: 8104. 7367. 6728. 

6071. 6066. 
6322. 6112. 

6138. 
6621. 6369. 6346. 8163. Pa? 7188. 9213. 7346: 9463. 

6314. 
7306. 9369. 7227. 7620. 7798. 8060. 8164. 8139. 8227. 6476. 

9264. 9767. 9969. 10296. 10460. 10414. 10667. 10608. 10634. 

400.0 10060. 9111. 10039. 10366. 10094. 10249. 11393. 11713. 11666. 11432. 460.0 12062. 12303. 12119. 10976. 12706. 12906. 12668. 12086. 12470. 12967. 12166. 12333. 13707. 13060. 13366 
14111. 

13908. 
13743. 14487. 

500.0 
14779. 16263. 16608. 

14298. 12938. 
16448. 

14238. 14692. 14326. 14626. 
16661. 16664. 16047 

16139. 16629. 16369. 16171. 17046. 17381. 17960. 18242. 18168. 18446. 18281. 16664 

.*.~**++*~.*.....*****~*~**.*..***..*..****.~***..**~*..*.*.****.....****.**...~*.*.*.*~******.*.*.~*~.~**...*....**~..*~.~~...**.. -3. _- - -. -~ l 
41 SI TE BA LA Pit Sft GD 80 l?l LU TA 

60 
Fs IB AU 

62 
PB BI ni 

66 67 69 
II 

62 64 87 69 71 73 76 n 79 82 83 W 92 .+*~r*~*r*~~****~*~~*~~~*~*.*..**......***.~~****.*~****~..~**.*.~***~.*.***..***..***..~*****......*.*.~***.~*.*...*.**.*.*.**.*~* 
2.6 12.30 12.77 13.79 14.06 14.68 16.34 16.79 16.38 16.73 17.07 17.43 17.81 

::i 

16.19 18.63 18.97 19.13 20.62 20.96 
14..37 14.93 16.96 16.20 16.74 17.62 18.14 18.86 19.26 19.67 20.07 20.49 20.97 21.34 21.81 21.96 23.47 23.96 

t:: 

16.46 17.11 18.12 18.36 18.90 IS.90 20.49 21.33 21.77 22.26 22.70 23.16 23.72 24.13 24.63 24.77 26.40 26.91 
18.66 19.31 20.31 20.63 21.09 22.20 22.86 23.82 24.31 24.64 26.33 26.83 26.48 26.92 27.46 27.69 29.34 29.88 
20.72 21.66 22.66 22.76 23.32 24.66 26.27 26.34 26.67 27.46 28.00 26.63 29.27 29.76 30.31 30.43 32.31 32.89 

2: 
22.92 23.66 24.66 26.03 26.60 26.94 27.73 28.91 29.48 30.13 30.71 31.28 32.09 32.61 33.20 33.32 36.32 36.93 

x*: 

26.18 26.22 27.19 27.36 27.93 29.39 30.24 31.63 32.14 32.64 33.47 34.07 34.97 36.61 35.14 36.26 36.36 39.03 
27.49 26.64 29.60 29.76 30.32 31.89 32.81 34.21 24.86 36.61 36.26 36.92 37.89 38.46 39.13 39.24 41.60 42.18 

7:o 
29.87 31.11 32.07 32.20 32.77 34.46 36.44 38.96 37.63 38.44 39.16 39.83 40.86 41.60 42.19 42.29 44.89 46.40 
32.30 33.66 34.60 34.71 36.28 37.08 36.13 39.76 40.47 41.33 42.09 42.60 43.93 44.66 46.31 46.40 47.94 46.69 

E 
37.36 38.92 39.66 39.92 40.49 42.62 43.71 46.64 46.33 47.31 46.16 48.93 60.22 60.94 61.74 61.82 64.64 66.46 

1o:o 
42.68 44.46 46.37 46.40 46.96 48.23 49.66 61.69 62.46 63.66 64.49 66.33 66.78 67.67 66.46 68.61 61.63 62.63 

11.0 
48.26 60.27 61.16 61.14 61.67 64.19 66.66 67.92 66.86 0.06 61.09 62.00 63.61 64.47 66.44 66.48 66.90 69.88 

12.0 
64.08 66.34 67.20 67.14 67.66 80.43 62.04 64.62 66.62 88.86 67.97 68.96 70.72 71.66 72.71 72.73 76.48 77.64 
60.17 62.67 63.62 63.41 63.89 68.93 66.69 7l.39 72.46 73.W 76.12 76.18 78.11 79.11 80.27 80.27 84.36 86.60 

16.0 79.98 83.29 64.06 63.79 84.16 88.02 90.26 93.64 94.91 96.73 98.26 99.64 101.98 103.19 104.66 104.60 109.76 111.16 
20.0 116.06 122.67 123.49 122.92 l23.04 128.42 131.62 136.11 137.73 140.21 142.29 143.97 147.30 148.89 160.98 160.81 167.98 169.89 
26.0 162.27 188.81 lS9.26 168.33 168.10 176.17 179.26 166.13 187.10 190.32 193.02 196.12 199.42 201.39 204.23 203.92 213.40 216.86 
30.0 X2.40 120.69 221.11 219.60 2lS.13 228.07 233.22 240.49 242.63 246.64 260.21 262.76 268.13 260.47 264.17 263.71 276.77 278.83 
36.0 268.26 278.90 278.89 277.12 276.93 266.91 293.23 301.98 Jo4.70 309.66 313.67 316.73 323.21 326.93 330.69 329.96 344.86 348.69 

iit: 
329.7 342.7 342.4 340.1 336.3 361.6 369.1 369.4 372.6 376.3 383.2 386.8 394.6 397.6 403.3 2.6 420.6 424.9 

E-i 

3SS.6 412.0 411.4 408.6 406.1 421.7 430.6 442.8 446.1 462.6 468.6 462.7 471.7 476.2 482.1 1.1 602.4 607.6 
4CW.L 466.6 4S6.9 482.6 479.2 497.3 607.7 621.4 626.3 633.1 639.7 644.6 664.6 666.6 666.6 666.6 690.6 696.6 

w:o 
646.6 660.8 666.6 601.6 667.4 678.3 690.1 606.6 610.0 618.8 826.4 631.8 643.6 647.7 667.3 6ti6.6 684.6 691.4 
627.7 662.0 6B0.4 646.7 040.6 664.3 677.6 696.2 700.0 709.9 718.6 724.6 737.7 742.3 763.4 761.6 784.4 792.2 

FE 
714.6 742.2 740.2 734.8 728.7 766.4 770.6 789.9 796.2 806.2 816.9 822.6 837.3 842.3 864.9 
m.3 837.3 834.9 828.7 821.6 661.4 868.2 669.6 896.4 Wt.6 916.6 926.8 942.2 947.6 961.8 

669.9 898.6 

80.0 1003.3 1041.7 1038.4 1030.6 1021.1 1067.6 1078.2 1103.8 1110.6 1126.4 1138.6 1147.4 1167.1 1173.2 1191.1 il 
90.0 1218.0 1284.4 1260.1 1260.6 1238.4 1282.2 1306.7 1336.9 1344.7 1362.1 1377.9 1388.3 1411.7 1418.6 1440.2 14 6.6 1496.0 1512.0 F. 

1 1239.1 1260.9 
100.0 1449.6 1604.7 1499.4 1467.9 1472.6 1624.3 1663.1 1688.1 1696.9 1617.2 1636.7 1647.8 1676.0 1662.6 1706.6 1704.1 1776.6 1793.1 

160.0 2841. lS48. 2936. 2913. 2679. 2977. 

EL?8 Z: 

3144. 
4746. 

3176. 
4730. 4692. 4633. 4767. 

go;. 3092. 3107. 3200. 3249. 3261. 3312. 

7017: 
4963. 4966. W40. 5096. 

E:* 

6126. 

22. iw i%s: EC 

6203. 
7148. 

6221. 
7170. 7260. 7333. 

6302. 
7376. 

z%;: 2:::: CE: 
7476. 7607. 7624. 7601. n97. 7967. 

=:: If%: 11726: 11772: 11696: 11636. 11671: It%:: I;:::: I%? 1%: l?%: 12614: 12772: 12841: 13043. 13002: 13237. 13682. 9882 10011 10060 10216. 10187 10400. 10666. 

400.0 13969. 14481. 14637. 14463. 14249. 14847. 14836. 16101. 16126. 16294. 16486. 16641. 16730. 16820. 16069. 16019. 16276. 16716. 
4S0.0 16769. 17360. 17406. 17372. 17124. 17688. 17806. 16121. 18134. 16336. 18680. 18641. 18662. 18973. 19272. 19211. 19493. 20032. 
600.0 19699. 10403. 20636. W436. Will. 10674. WS23. 21290. 21299. 21636. 21826. 21693. 22146. 12279. 22630. 22659. 22698. 23609. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

51 
ELECTROSIC SIOPPISG PGUER IS USITS OF llSV/(MG/SQ CM) v IOSS 

23 

WA ml 
2 12 

PC Al. SI CA T I  CR FE II aJ 
4 13 14 20 22 24 26 28 20 

I.CLL.+..+.*LL.+**+*.****.*~*.***...*..***.*...~.*...***.**.*..***..*.*******.****.~ 

E:E 33.3? 33.08 25.26 24.19 24.60 22.68 lS.S? la.?4 18.23 l'l.82 10.73 
31.33 31.36 24.44 23.44 23.8? 21.06 19.18 18.41 17.96 17.01 IO.66 

;:p 29.46 20.70 23.64 12.60 23.04 21.36 18.66 17.96 17.63 17.24 16.22 
27.81 26.18 11.84 21.76 22.20 20.06 18.08 17.43 17.06 10.81 16.82 
29.31 26.79 21.76 20.93 21.37 19.98 17.60 16.00 16.66 16.34 16.38 

24.97 26.62 20.93 20.14 20.69 19.30 IO.@3 16.37 16.04 16.87 14.96 14.19 13.62 13.34 13.26 12.89 12.00 12.16 
23.76 24.37 20.16 19.40 19.84 18.64 16.38 16.86 15.66 16.40 14.52 13.80 13.26 12.99 12.90 12.63 11.76 11.86 
22.66 23.32 19.42 18.70 19.14 16.02 16.86 16.36 16.08 14.96 14.10 13.41 12.89 12.64 12.66 12.21 11.49 11.68 
21.67 22.36 18.74 18.05 18.49 17.44 16.36 14.89 14.63 14.62 13.69 13.03 12.64 12.30 12.23 11.00 11.23 11.27 
20.77 21.48 18.10 17.44 17.87 16.66 14.88 14.44 14.20 14.11 13.31 12.67 12.20 11.98 11.91 11.69 10.98 10.00 

19.10 19.92 16.96 16.34 16.76 16.88 14.02 13.62 13.41 13.34 12.69 12.00 ii.66 11.37 11.31 11.02 10.48 
17.86 16.60 16.94 16.37 16.77 14.98 13.26 12.89 12.69 12.66 11.94 11.39 10.99 10.81 10.76 10.49 

'"9.;; 

16.70 17.46 16.04 14.62 14.90 14.16 ~12.66 12.23 12.06 12.02 11.36 10.84 
16.69 16.44 14.25 13.76 14.13 13.47 il.94 Ii.64 11.48 Il.46 10.82 

1"g.g . 

'"9.;; 

-ii66 

1"g.p: '"9.;; 10.01 
I;.'$ 

9:20 
9:63 

9.67 9.12 
14.82 16.66 13.64 13.08 13.44 12.83 11.38 11.10 IO.96 10.94 10.34 9142 9138 9.17 8.84 8.74 

f:i 

i:f 

g:i 

66:o 
60.0 

12.73 13.44 I;.;; 9.77 9.66 8.74 8.36 7.90 7.79 
10.38 11.03 

2*t: 9.42 a:41 

II& 

;::g 

II/; 

7.38 a:30 

II/$ 

8109 

lOg.;g 

7:22 8.38 

a. 19 
t:2 Et Et x :z 

6.74 0.62 

7.08 

P% xi E 

6187 s-z . I% . 6:42 2:': . ~~:~ . 
e:21 :.z 6:66 5.91 

6.62 6.73 6.68 6:61 6.32 $;: . 
;:;; 
4:9a 

6:46 a:14 5.46 a:02 6.36 6.90 6.26 6.78 6.16 
4.92 4.92 4.84 4.76 4.66 

6.216 6.689 6.016 6.827 6.012 6.830 6.219 5.127 6.088 6.120 4.861 4.660 4.626 4.497 4.498 4.427 4.369 4.260 
6.087 6.132 6.622 6.360 6.621 6.390 4.801 4.718 4.686 4.716 4.469 4.294 4.171 4.148 4.160 4.087 4.028 3.936 
6.263 6.673 6.113 4.965 6.114 4.969 4.463 4.378 4.349 4.379 4.161 3.900 3.878 3.866 3.869 3.803 3.760 3.666 
4.890 6.287 4.789 4.623 4.771 4.639 4.160 4.091 4.056 4.096 3.882 3.732 3.626 3.609 3.613 3.661 3.614 3.434 
4.680 4.968 4.476 4.339 4.478 4.367 3.909 3.846 3.821 3.860 3.661 3.610 3.411 3.397 3.401 3.364 3.311 3.236 

4.313 4.674 4.221 4.093 4.226 4.113 3.691 3.831 3.610 3.639 3.460 3.318 3.226 3.213 3.216 3.173 3.134 3.063 
4.081 4.426 3.999 3.878 4.003 3.899 3.600 3.444 3.426 3.463 3.274 3.160 3.061 3.061 3.066 3.016 2.978 2.912 
3.696 4.014 3.629 3.620 3.633 3.642 3.181 3.132 3.118 3.142 2.980 2.868 2.787 2.779 2.784 2.749 2.716 2.867 
3.387 3.664 3.333 3.233 3.338 3.266 2.926 2.881 2.867 2.893 2.744 2.641 2.667 2.661 2.666 2.634 2.606 2.462 
3.136 3.414 3.090 2.998 3.096 3.021 2.716 2.676 2.663 2.887 2.660 2.464 2.388 2.381 2.386 2.367 2.330 2.282 

160.0 

28 

EX 

2.346 2.663 2.326 2.268 2.329 2.278 2.061 2.022 2.016 2.036 1.933 I.862 1.810 1.808 1.812 1.794 1.773 1.741 
1.924 2.129 1.932 I.872 1.920 I.892 1.701 1.071 1.1377 1.697 1.609 1.686 1.633 1.601 1.608 1.488 1.604 1.461 
I.061 1.862 1.692 1.840 1.678 1.669 1.492 1.449 1.472 I.490 1.413 1.392 1.346 1.320 1.326 1.304 1.322 1.278 
1.616 1.680 1.628 1.481 1.616 1.499 1.349 1.299 1.332 1.349 1.279 1.269 1.218 1.106 1.201 1.181 1.198 1.168 
1.398 1.648 1.409 1.366 1.398 1.383 1.246 1.200 1.230 1.246 1.182 1.163 1.126 1.106 1.110 1.092 1.107 1.071 

400.0 
460.0 
600.0 

1.306 1.448 1.319 1.278 1.309 1.296 1.166 yz~ y5; I.167 1.108 1.089 1.066 1.036 1.041 1.026 1.038 1.006 
1.234 1.389 1.248 1.209 1.239 1.226 1.104 
1.177 1.306 1.192 1.164 1.183 1.171 1.066 I:019 I:043 

1.106 1.060 1.032 0.099 0.982 0.987 0.971 0.984 0.963 
1.067 I.003 0.986 0.966 0.939 0.943 0.929 0.941 0.911 

GE SB SR 73 no P3 
32 34 38 40 42 46 47 ~.**.*.*****.*+.***+**.****~***.*.***.******.*.*~ 
16.77 15.01 14.62 14.47 13.96 12.63 13.05 
16.64 14.92 14.66 14.41 13.92 12.66 13.07 
16.36 IQ.67 14.33 14.20 13.74 12.80 12.93 
14.99 14.36 14.03 13.91 13.48 12.44 12.70 
14.60 13.99 13.69 13.69 13.18 12.24 12.44 

.1,**,.,++***.+**..+**..*.*.......* 
WA Sl n BA LA 

60 62 68 67 
*..*......I**....*..**.*.****....*. 

::: 12.26 12.28 11.69 11.74 Il.78 11.74 11.83 11.87 
12.17 11.84 11.68 11.77 
11.98 il.46 11.60 11.69 
11.74 11.24 11.28 11.37 

i:: 11.48 11.21 11.00 IO.76 10.78 11.04 ll.12 10.86 

1.: 
710 

10.94 10.68 IO.49 IO.24 IO.63 10.28 10.61 10.36 
10.42 10.00 10.03 10.11 

1o:o t.: 

9.928 9.628 9.661 9.633 

9.473 9.064 9.094 8.696 9.126 8.726 9.196 8.792 

:::: 8.670 8.318 8.329 7.992 8.368 8.021 8.422 8.082 

16.0 7.420 7.134 7.160 7.216 

2: 6.312 6.616 6.072 6.309 6.006 6.330 6.142 6.371 

ii?: 4.917 4.449 4.734 4.284 4.763 4.302 4.790 4.336 

{:i 

66:o 

4.073 3.764 3.606 3.923 3.377 3.626 3.939 3.941 3.391 3.670 3.418 3.970 

3.286 3.166 3.179 3.204 
CO.0 3.090 2.983 2.996 3.020 

%:E 2.931 2.786 2.826 2.686 2.837 2.607 2.860 2.7IS 

100: EE 0 

2.643 2.461 2.462 2.482 

2.347 2.186 2.262 2.105 2.272 2.116 2.290 2.132 

3:: 
260:0 

1.687 1.389 1.607 1.341 1.614 1.342 1.627 1.363 
1.223 1.181 l.ibS 1.178 

E:Z 1.100 1.026 0.991 1.071 0.981 I.060 p3; . 

400.0 0.0627 0.9299 0.9204 0.9236 0.9370 0.9166 0.9073 0.8923 0.8834 
450.0 0.9130 0.6620 0.8733 0.9782 0.8896 0.8606 0.8009 0.8468 

0.593 i 
0.847 0.8386 

666.0 O.G732 0.9436 0.8364 0.8383 0.86OS 0.9320 0.9236 0.8103 0.8112 0.8024 

l *******.**.** 

PR St! 
69 82 

l ...*..**.**.* 

11.74 11.08 
11.80 11.17 
11.72 11.12 
11.66 10.98 
Il.34 10.79 

l ******.**......L+****...*.. 

CD 60 ni Lu 
64 87 69 71 

..11***+...*..1+**~.*****.*. 

10.76 10.16 9.96 9.69 
10.86 10.29 10.10 9.86 
10.80 10.28 10.10 9.86 
10.68 10.18 10.01 9.79 
10.60 10.04 9.88 9.87 

11.10 10.68 
10.86 10.36 
y; ‘“9.2 

10.12 e:a7 

9.662 9.239 
9.221 8.834 
8.822 8.450 
8.468 8.lI4 
8.118 7.796 

10.30 9.72 9.61 
'EP 9.63 9.34 

9:66 t::: t+ 
9.43 8.96 a:79 

7.266 6.978 
6.187 6.969 
6.416 6.221 
4.832 4.663 
4.377 4.226 

9.017 8.690 8.687 8.428 
8.627 8.326 a.233 8.084 
9.264 7.988 ?.SDl 7.762 
7.930 7.670 7.693 7.463 
7.821 7.378 7.307 7.184 

6.827 8.624 6.666 8.461 
6.836 6.676 6.632 5.648 
6.116 4.984 4.960 4.879 
4.671 4.469 4.431 4.370 
4.144 4.046 4.022 3.968 

4.010 3.973 3.800 3.713 3.692 3.644 
3.708 3.683 3.616 3.437 3.419 3.376 
3.466 3.339 3.278 3.206 3.190 3.160 
3.240 3.132 3.076 3.009 2.994 2.967 
3.064 2.963 2.900 2.839 2.826 2.791 

2.893 2.799 
2.761 2.661 
y; ;.;g 

2:1so 2:oSO 

2.748 2.691 2.578 2.848 
2.613 2.660 2.648 2.619 
2.388 2.341 2.330 2.304 
2.206 2.163 2.164 2.129 
2.066 2.015 2.008 1.986 

1.660 1.698 
;.:g :.m; 

1:079 I:066 
o.ee9 0.976 

1.672 I.646 1.639 1.623 
1.309 1.288 I.283 1.271 
1.161 1.131 1.131 1.119 
1.044 1.026 1.027 1.016 
0.066 0.960 0.961 0.941 
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~*.***********+*++**********~ 
TA RB III AU 

73 76 77 79 
1***.*.********.***+********~ 

9.61 x.2 9.02 8.91 
9.67 

9:66 9.49 
9.21 9.09 

Ef 

9:51 

9.26 9.20 9.14 

9.38 9.11 X:Z 

9.36 9.24 8.98 8.87 
9.19 4:; X49 8.73 

9.02 
8::: a:66 8:61 a.34 

i::: 
8.26 

8.306 8.214 8.013 7.926 
7.970 7.886 7.698 7.618 
7.666 7.676 7.402 7.327 
7.301 7.285 7.124 7.064 
7.687 7.018 6.864 6.799 

8.378 6.319 0.189 6.136 
6.479 6.432 6.328 6.287 
4.821 4.781 4.694 4.662 
4.318 4.284 4.209 4.183 
3.922 3.892 3.826 3.806 

3.602 3.676 3.616 3.498 
3.337 3.313 3.269 3.244 
3.116 3.092 3.043 3.030 
2.926 2.904 2.868 2.847 
2.761 2.742 2.699 2.688 

2.617 2.600 2.660 2.660 
2.491 2.474 2.437 2.428 
2.279 2.264 2.230 2.223 
Z.IO7 2.093 2.082 2.066 
1.994 1.962 1.924 1.918 

1.607 1.498 1.478 1.474 
1.268 1.260 1.234 1.230 
1.102 1.100 1.088 1.080 
1.001 o.see 0.989 0.961 
0.927 0.926 0.916 0.909 

0.8709 0.8093 0.8604 0.8646 
0.8267 0.8262 0.8169 0.8114 
0.7913 0.7899 0.7820 0.7758 

,**..**I 

F% 
82 

I****t*l 
8.82 
9.00 
9.04 
a.99 
8.90 

I******* 

BI 
83 

I......, 
8.86 
9.02 

ICE 
a.92 

a.77 a.79 
8.83 8.66 
a.47 a.49 
a.31 a.33 
8.16 8.17 

7.832 7.861 
7.626 7.644 
7.236 7.264 
6.966 8.982 
6.713 6.729 

6.064 6.069 
6.216 6.228 
4.696 4.608 

3% f:%i 

3.446 
3.196 
2.984 

::% 

3.466 
3.203 

:z: 
2:664 

2.611 2.618 
2.391 2.397 

:*z 
1:888 

:.z 
1:as3 

1.461 
1.212 
I.003 
0.066 
0.896 

1.466 

:%; 
0:sse 
0.898 

0.8412 

8: :z 

0.8439 

8: t:;: 

~******..*.*** 
ni 

00 92' 
k*..******..** 

6.49 a.39 
8.66 8.65 
8.69 8.69 
8.64 8.64 
8.66 8.46 

8.42 a.33 

t:: 
a.19 

7198 
a.04 
7.89 

7.82 7.74 

7.617 7.438 
7.223 7.146 
6.946 a.872 
6.086 6.616 
6.444 5.378 

6.813 6.763 
6.009 4.959 
4.416 4.373 
3.963 3.926 
3.804 3.670 

3.313 3.283 
3.073 3.044 
2.670 2.844 
2.897 2.673 
2.647 2.624 

1.397 1.386 
1.200 1.161 
1.069 1.026 
0.962 0.932 
0.891 0.894 

0.8374 0.8123 
0.7960 0.7716 
0.7609 0.7388 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

61 
SAIFE II UlITS OF ffi/SQ CTI v Ions 

a3 

E/A 88 
gc 12 

10 AL SI CA l-I cn FE II W GE SE SR A IlO Bn 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4:G 

. ..*..C++*...*I..**.~*.*..******...*.****.*~.~****.*****.~**..~.......**~.....~~**~****~..**.*******.~**.***..~*....*..*.......**.*. 
2.6 

3:: 

4.770 4.670 6.441 6.420 0.300 7.494 9.110 9.662 8.900 9.240 9.440 10.060 10.380 10.870 11.070 Ll.269 11.617 11.920 
6.669 6.362 7.487 7.490 7.362 9.629 9.426 9.933 10.308 10.678 10.971 11.672 12.082 12.616 12.834 $3.096 13.639 13.869 

t:: 

6.399 6.199 8.630 9.699 8.439 3.806 10.773 11.336 11.746 12.141 12.627 13.317 13.804 14.382 14.616 14.938 16.668 16.830 
7.299 7.079 9.634 9.749 9.699 11.012 12.181 12.777 13.219 13.938 14.119 14.998 16.661 16.180 18.428 19.810 17.693 17.919 
9.233 8.008 10.793 10.943 10.737 12.267 13.696 14.292 14.739 16.177 16.763 16.722 17.%0 18.020 18.282 18.723 19.769 19.848 

56:: 10.276 10.006 13.220 13.476 13.216 14.910 16.608 17.379 17.917 18.392 19.166 2O.316 2l:lO4 21'844 22'133 
9.228 8.984 11.978 12.196 11.963 13.6% 16.076 16.7% 16.303 16.780 17.436 18.493 19 207 19 9% W 193 W 682 21 %3 21 922 

6.0 11.376 11.077 14.609 14.816 14.623 16.302 19.191 19.013 19.683 20.072 20.949 22.191 23.066 23:934 241137 f 
2'691 24'010 24'047 
4:762 28:206 213:226 

6.6 12.626 12.194 16.846 18.203 16.879 17.740 19.926 W.700 21.300 21.803 22.786 24.120 26.061 26.979 28.194 2e.8% 28.460 28.469 
7.0 13.727 13.368 17.231 17.640 17.282 19.227 21.613 22.439 23.069 23.694 24.674 24.106 27.123 27.980 28.307 29.040 30.747 30.749 

t.: 
16.28 16.82 W.14 20.66 20.23 22.34 26.06 28.08 26.77 27.30 28.62 30.24 31.42 32.36 32.70 33.66 36.60 36.60 

1o:o 
19.04 19.49 23.26 23.98 23.37 26.66 29.79 29.93 Jo.69 31.23 32.78 34.61 36.94 36.96 37.33 38.30 40.48 40.60 

11.0 
22.00 21.31 28.64 27.30 zb.70 29.16 32.76 33.99 34.80 36.37 37.16 39.20 40.70 41.79 42.19 43.29 46.69 46.73 

12.0 
26.16 24.32 30.03 30.91 50.21 32.94 38.91 38.27 39.14 39.72 41.76 44.02 46.89 46.86 47.27 48.49 61.11 61.20 
28.60 27.61 33.70 34.71 33.92 3e.72 41.29 42.7e 43.69 44.27 49.69 49.07 60.92 62.16 62.69 63.94 68.76 Se.92 

16.0 

2:: 

39.67 38.13 46.93 47.27 46.13 49.49 66.66 67.48 69.60 69.19 62.36 66.66 67.97 89.44 69.93 71.% 76.10 76.49 
61.99 69.19 69.66 71.91 70.07 74.42 99.67 86.12 97.66 88.09 92.92 97.48 100.93 102.78 103.34 106.77 110.16 111.14 
88.73 84.30 97.86 101.06 98.37 103.79 116.69 119.73 121.60 121.92 129.66 134.76 139.38 141.61 142.23 146.40 160.71 162.49 

30.0 119.73 113.29 130.28 134.66 130.86 137.41 164.26 168.13 160.24 160.49 169.40 177.23 193.16 186.76 186.40 190.37 196.68 199.36 
36.0 164.84 146.02 166.77 172.24 167.41 176.17 196.48 WI.17 W3.64 203.66 214.98 224.71 232.07 236-M 236.70 240.61 247.62 261.63 

40.0 
46.0 

193.9 192.4 207.2 214.0 207.9 216.9 243.2 249.7 261.6 261.3 296.2 277.0 286.0 289.3 290.0 296.7 303.7 308.9 

60.0 
236.9 222.2 261.6 269.7 262.2 282.6 294.2 300.6 303.8 343.2 320.1 334.1 344.7 349.4 349.0 366.7 3e4.6 371.2 

66.0 
283.6 166.6 299.8 309.3 300.2 312.1 349.4 366.9 360.4 359.4 379.3 396.8 408.2 412.2 412.8 420.4 430.2 438.4 

80.0 
333.9 312.1 361.2 362.8 361.9 3e6.2 408.6 417.1 421.1 419.7 442.9 401.9 476.3 480.8 481.2 489.7 600.6 610.3 
387.8 JBl.9 406.6 419.6 407.1 422.0 471.9 481.4 486.8 483.9 610.7 632.4 648.9 663.6 654.0 683.6 676.3 686.9 

66.0 
70.0 

446.2 414.9 466.2 480.1 466.9 482.2 639.1 649.7 664.6 662.1 692.6 607.2 626.9 830.7 831.1 641.8 664.6 867.9 

2i.g 

606.0 471.0 627.3 644.2 627.8 646.9 610.1 621.8 827.0 624.0 669.6 688.1 707.0 712.2 712.6 724.2 738.0 763.3 
637.6 692.2 661.3 592.4 861.7 883.4 783.1 777.3 793.4 TT9.1 822.0 866.0 881.8 887.8 887.6 ml.7 917.6 KM.9 

1oo:o 
791.9 726.0 808.1 833.9 808.3 833.7 930.6 947.3 964.2 948.6 1000.6 1041.6 1072.7 1079.0 1078.7 1096.1 1113.3 1137.0 
939.6 889.0 967.2 997.7 987.2 998.6 1111.6 1131.1 1139.0 1131.6 1193.6 1142.1 1279.0 1286.7 1286.0 1303.9 1324.6 1362.8 

i60.0 1893. 1743. 1932. 1892. 1930. 1982. 2207. 2242. 2266. 2236. 
wo.0 ME 

2461. 2623. 2631. 2628. 
3102. 2943. 3144. 3242. 3144. 

2660. 
3220. 

26%. 2649. 
3619. 

260.0 
4066. 4090. 

4626. 4129. 46%. 4703. 4672. 4066. :E% z:. ii2 
4083, 4132. 4169. 4266. 

6176. 6297. 6991: 7149: 7109: 
6228. 6613: 32 

300.0 
%E: 

6674. 8160. 8344. 7031. 7414. 7697: 
6836. 6908. 6e93. 6972. 6974. 6146. 
7932. 

360.0 7168. 
7943. 7919. 

7891. 8140. 7930. 8081. 
8031. 8006. 

8962. 9196. 
9246. 

9104. WOl. WSI. 9699. 10016. 10186. 10131. 10290. 10212. 10639. 

400.0 9774. 8883. 9763. 10074. 9819. 9969. 11091. 11393. 11249. 11119. 11722. 11986. 12367. 12662. 126%. 12693. 12603. 12989. 
460.0 117%. 10076. 11763. 12127. 11622. 11894. 13330. 13723. 13626. 13366. 14089. 14373. 14844. 16092. 16024. 16261. 16128. 16607. 
600.0 13904. 12684. 13846. 14287. 13931. 14126. 16696. 16171. 16918. 16726. 16676. 16903. 17467. 17740. 17669. 17938. 17778. 18346. 

..***1**.*1..1...*....*........**.**.**.**..**.**.**...*~***.****~..***.*.****.***.*.*.*.~~**.*****.***.****~...*~*******..**.*...** 
E/A Y TE 8A LA F'R Stl CD 80 I?4 LU TA BE IR AU PB 91 I9 

60 62 68 67 69 62 84 67 69 71 73 76 n 79 82 a3 so 92' 
.*.*****...*1***.***..*.....*~***~*~.*~~*~*.**~~~***....**~*....*..~***.***.***.***.*~....*~.~.**~~.*.*.*~.**.~.~..*.*..*~..**.~~~.. 

2.6 

2: 

12.62 12.99 14.04 14.31 14.86 16.62 16.08 16.67 17.03 17.38 17.74 18.13 18.61 19.86 19.31 19.47 20.88 21.33 
14.90 16.17 16.21 16.46 17.02 17.91 18.44 19.16 19.67 19.98 20.39 10.82 21.30 21.69 22.17 22.32 23.96 24.33 

Z 

16.68 17.36 18.38 16.62 19.19 W.19 W.79 21.64 22.09 22.67 23.03 23.49 24.06 24.49 24.99 26.14 28.79 27.31 
19.79 19.66 20.68 20.80 21.37 22.60 23.17 24.13 24.63 26.16 26.66 26.17 26.83 27.29 27.92 27.96 29.73 30.28 
20.94 21.80 21.82 23.02 23.60 24.94 26.67 26.86 27.19 27.79 29.33 28.97 29.61 30.10 30.67 3O.80 32.70 33.18 

ki 
23.14 24.09 26.10 26.29 26.97 27.23 28.02 29.22 29.79 30.44 31.03 31.61 32.43 32.96 33.66 33.69 36.70 36.32 

6.0 
26.39 28.44 27.44 27.61 29.20 29.67 30.63 31.83 32.44 33.16 33.78 34.39 36.29 36.96 36.48 33.60 38.76 39.41 

6.6 
27.69 29.84 29.83 29.99 30.67 32.18 33.08 34.49 36.14 36.91 JB.68 37.23 38.21 38.80 39.47 39.68 41.89 42.66 

7.0 
30.06 31.30 32.28 32.42 33.00 34.71 36.69 37.21 37.90 38.72 39.44 40.12 41.18 41.90 42.60 42.61 46.03 46.76 
32.46 33.81 34.79 34.91 36.60 37.31 39.37 39.99 40.72 41.69 42.36 43.07 44.20 44.96 46.80 46.70 48.28 49.01 

2: 
37.48 39.06 40.00 40.08 40.66 42.71 43.90 46.73 46.63 47.62 48.37 49.16 60.44 61.17 61.99 62.07 64.91 66.74 

1o:o 
42.74 44.63 46.48 46.60 46.06 48.36 49.69 61.73 62.60 63.70 64.63 66.49 sb.94 67.73 68.63 69.69 61.83 82.73 

11.0 
Q8.26 SO.27 61.18 61.17 61.72 64.26 66.72 67.99 68.92 60.13 61.16 62.09 83.89 84.66 86.64 66.69 69.03 70.01 

12.0 
64.01 69.26 67.16 67.10 67.63 e0.41 82.02 84.61 66.61 86.84 67.96 68.96 70.72 71.0 72.73 72.76 76.61 77.69 
80.01 62.61 63.39 63.28 (u.79 e6.82 68.69 71.29 72.38 73.80 76.02 76.09 78.01 79.02 80.19 80.20 84.29 96.43 

16.0 79.62 82.81 83.61 83.36 85.76 87.60 89.83 93.21 S4.48 98.29 97.81 99.10 101.62 102.74 104.22 104.17 109.32 110.73 
20.0 116.92 121.70 122.36 121.80 121.96 127.29 130.38 134.94 139.66 139.02 141.09 142.76 146.07 147.88 149.76 '149.69 166.72 168.82 
26.0 160.26 166.73 167.21 166.32 166.12 173.12 177.17 193.00 184.96 188.16 190.82 192.92 197.18 199.14 WI.96 201.% al.07 213.61 
30.0 209.32 217.69 217.97 216.69 216.07 224.90 230.00 237.19 239.61 243.47 246.81 249.38 264.66 266.98 160.64 100.20 272.13 276.17 
36.0 243.92 274.40 274.46 272.73 271.80 292.44 288.67 297.31 300.00 3O4.80 JD9.86 311.89 318.28 32O.W 326.69 324.99 339.70 343.39 

2: 
323.9 339.7 336.6 334.3 332.6 346.6 363.0 363.2 366.3 371.9 376.9 J80.3 387.9 391.0 396.6 396.9 413.6 418.0 

6O:O 
389.1 404.4 403.9 401.1 399.7 414.1 422.9 434.6 439.1 444.7 460.4 464.6 463.3 4eQ.7 473.6 472.6 493.6 498.7 

66.0 
469.4 477.3 476.6 473.2 470.0 487.8 498.0 611.6 616.4 623.0 629.6 634.2 644.3 648.1 666.2 666.0 679.6 696.4 

80.0 
634.8 666.3 664.2 660.3 649.3 6ee.7 679.4 693.6 697.9 doB.6 814.1 819.3 630.9 636.0 944.4 e43.0 e71.2 e78.O 
914.6 838.4 636.9 632.3 827.4 e60.6 663.8 680.9 686.7 886.4 703.9 709.8 712.7 727.2 738.1 738.4 798.6 776.2 

66.0 
70.0 

699.2 726.2 724.4 719.1 713.2 739.4 764.2 Tl3.2 779.4 789.2 798.9 806.3 919.8 824.7 8J7.1 836.1 971.4 979.9 
788.6 919.9 816.6 810.9 803.7 832.9 849.4 870.4 876.1 888.1 898.7 906.9 921.9 927.2 941.2 918.9 979.6 989.1 

i%:: 1199.4 1234.9 1230.7 1221.4 1209.6 1262.3 1278.3 1306.9 1313'6 133O'b 1346'0 1369'2 1379'1 1386'6 1407'1 1403'6 1463'6 1477'3 
980.4 1017.9 1014.8 1007.2 me.0 1033.7 1063.8 1079.0 1086 6 1100 1 1113 0 1121 7 1141 0 1147 0 1164 6 1161 6 1211 6 1223 1 

100.0 1414.9 1469.7 1493.6 1462.4 1437.9 1488.0 1616.1 1660.3 1669:O 1679:9 1697:O 1808:8 le36:4 1642:8 1666:2 1663:s 173417 176O:g 

160.0 2769. 2973. 2661. 2839. 1806. 2901. 
200.0 4467. E3. 

3014. 
4623. 4608. 4669. 

3029. 3Oe4. 3O98. 

4611. 6%;' ee30: t%: 
y;. ;sog. 4%1. %i:* 

3167. 3176. 
EE* 

3219. 3366. 3384. 

260.0 
300.0 

6434:. y;. If?. "6s;. 
%e . ' 9464' 

7137. 7179: 72%: 7%;: 7421: 7399. 
6148. ;;W&. 6410. 

360.0 IlOOP: 11407: 11462: 11380: 11222: If%: Ii"::: 1%:: 1~~: 12%7: 1%:: it!%: I;;::: I$;;: I::;: 12660: 12878: 13213: 
9912 10121' 10~::. 

400.0 13678. 14O%. 14140. 14068. 1388O. 14247. 14430. 14689. 147O4. 14888. 16063. 16118. 16301. 16389. 16631. 16682. 16632. 16260. 
460.0 16300. lbo4. 169%. 1%96. 18666. 17106. 17318. 17626. 17637. 17833. 18071. 19131. 18346. 19488. 18746. 19%6. 18980. 19494 
600.0 19168. 19943. 19974. 19973. 19688. 10106. W349. 20706. W716. 20944. 21226. 21292, 11638. 21t~a~9. x&ws. 21940. 22241. 22864: 

53 



F. HUBERT, R BIMBGT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

62 
&6CTROIIC STOPPUG POSER II IJ6ITS OF I6N/tHG/SQ QS) CR 101s 

24 

B/A BB Gc llm 13" 14" 20" 2ZR 2qC6 2SFB 286' 29cu 31GE 31sB 3SSR 40zR 42m 4LiRll 4:' 4 
.t**.+.+**...+*+~.+.~*...~*.*~.~.~..*...*.*..*..~*....*.*...~~...**.**.*~.*..****..**.*.~...*.*.*.*~....******...~.*~..**..*.*.~~**~ 

$5 36.67 33.47 36.W 33.36 25.33 28.74 26.61 24.8? 10.03 26.31 23.87 23.36 20.31 20.69 19.80 13.60 13.00 13.26 18.82 18.G4 17.68 17.61 16.66 16.64 16.84 16.78 16.42 lb.38 16.26 16.24 14.72 14.72 13.22 13.31 13.77 13.81 
32 

4:s 

31.63 2S.76 30.07 31.66 24.03 26.02 24.02 23.16 33.62 24.46 21.98 22.70 13.73 19.21 13.04 18.62 18.63 18.11 18.28 17.85 17.13 16.79 16.27 16.31 16.66 16.23 16.18 14.88 16.06 14.76 14.66 14.30 13.34 13.20 13.47 13.69 

2G.20 28.63 23.13 22.30 22.77 21.26 16.62 17.37 17.60 17.38 16.36 16.62 14.88 14.66 14.44 14.00 13.00 13.21 

27.30 22.33 
21.62 

%G 
13:w 

21.41 

z% 
I?:71 
16.?7 

12.73 12.30 
10.68 10.23 

x*z 
7118 

S% 
6:OS 

7.266 
6.664 

t % 
61386 

:*!i% 
6:662 
6.iOO 
4.8G2 

6.077 

taco 
4:006 
3.712 

2.786 2.631 

E::: 
1:82S 

:% 
1:6Gr 

l.G86 1.634 

1.676 
1.431 
1.422 

:*:ii 
1:237 

21.48 2l.SG 20.66 18.03 
20.?1 21.18 13.89 11.47 
19.33 20.46 19.24 lG.32 
13.31 13.77 18.G3 16.40 
18.67 13.13 16.W 16.31 

17.62 
16.60 

::*:z 
14:07 

:xz 
Is:01 
16.13 
14.46 

17.00 

:vz 
14147 
13.80 

16.01 
14.20 
13.48 
12.62 
12.24 

17.08 16.90 16.91 16.11 14.60 14.19 
16.68 16.42 16.47 14.70 14.12 13.83 
16.03 16.36 16.04 14.30 13.76 13.48 
16.62 16.61 14.62 13.91 13.38 13.13 
16.16 16.08 14.22 13.64 13.03 12.73 

14.68 
13.81 

:x4; 
ii:33 

12.66 12.12 

1og.g 

log.;; 

8:00 
1yg 

7173 
7:ei 
6.31 

7.17 6.36 6.21 

14.36 

::-s 
12:32 
11.?7 

14.28 
13.66 
12.83 

::::: 

13.47 
12.79 

E-E 
11:11 

12.84 12.37 
12.20 11.77 
11.62 11.22 
11.10 10.72 
10.62 10.26 

::3 
ii:04 
10.66 
10.11 

10.62 

t-2 
G:?8 
6.10 

10.40 10.41 9.84 

Zd 
6172 
6.06 

6.321 

f% 
6:021 
4.714 

G-621 
6.892 

X% 
4:886 

ALE: 
41834 

kK% 
4:763 

4.618 4.442 
4.246 4.176 

6.618 6.661 6.260 
6.083 6.116 4.843 
4.721 4.764 4.606 
4.414 4.446 4.216 
4.161 4.182 3.SGs 

3.41 9.11 
7.96 7.70 
6.91 6.70 
6.13 6.96 
6.63 6.37 

6.062 4.906 
4.663 4.626 
4.330 4.207 
4.062 3.937 
3.813 3.706 

4.876 
4.499 
4.186 
3.319 
3.690 

4.440 4.631 4.463 4.010 
4.216 4.361 4.238 3.804 
3.82? 3.361 3.861 3.469 
3.616 3.630 3.641 3.182 
3.262 3.367 3.2GG 2.964 

2.467 2.636 
2.038 2.090 

:3 
1:486 

:%7 
I:622 

2.460 

:-:fz 
I:632 
1.606 

2.232 
1.862 
1.626 
1.463 
1.366 

3.322 3.363 3.r49 3.606 3.603 3.490 
3.722 3.762 3.668 3.423 3.326 3.316 
3.387 3.416 3.240 3.117 3.030 3.021 
3.118 3.146 2.984 2.872 2.191 2.786 
2.896 2.923 2.773 2.663 2.636 2.690 

2.201 

::%J 
1.414 
1.308 

:%l 
1:so3 
1.460 
1.339 

2.216 

::tf3 

::% 

2.104 2.026 1.370 1.968 
1.761 1.726 1.669 1.634 
1.639 1.616 1.468 1.437 
1.393 1.371 1.327 1.302 
1.287 1.286 1.225 1.203 

1.331 1.426 1.410 1.270 1.226 1.264 1.271 1.206 1.186 1.148 1.128 
1.317 1.349 1.336 1.202 1.161 1.188 1.204 1.143 1.124 1.088 1.069 
1.267 1.288 1.276 1.148 1.110 1.136 1.161 1.092 1.073 1.040 1.022 

ix: 
8:63 
6.90 
6.33 

3.434 
3.319 

X8 
2:694 

1.972 
1.641 

:% 
1:209 

z3i 
1:027 

13.8a 
13.36 
13.02 
12.83 
12.38 

11.78 

2: :i 
10.27 

3.86 

12.76 12.92 
12.61 12.62 
12.26 12.32 

:::F: :::;: 

11.21 
10.73 

%.iF 
9:49 

11.19 
10.88 
10.21 

3.78 
9.39 

8.78 
7.46 
6.61 
6.80 
6.24 

8.61 
7.27 

xi 
6:lS 

8.38 
7.14 
6.24 
6.67 
6.04 

4.799 

t::B 
3.887 
3.643 

4.726 
4.369 
4.070 
3.816 
3.696 

:% 
3:977 
3.728 
3.614 

3.447 
3.276 
2.388 
2.766 
2.684 

Ei: 
21888 
2.688 
2.482 

1.962 
1.620 
1.413 
I.286 
1.189 

1.929 
1.637 

:%i 
1:zos 

1.896 
1.679 
1.391 
1.261 
1.166 

1.116 1.131 1.094 
1.068 1.072 1.038 
1.011 1.026 0.992 

6.?47 

x 
6:313 
4.W8 

160.0 
200.0 
260.0 

ZE 

2.662 
2.096 

:*Ei 
1:620 

.+....*.C**l*****.....*..*~.*....~.....~.**.*~~......*..........*.**.**..*....*...****..*.**.....*.*.*.*.....****~~***~ 
E/A SI TR 68BL LA 6gpR 82SK B4GD 87H0 6sRl 71LU 73TA 76RE vIR 7gAU g2P8 =BI 

60 62 57 
~+~r~~r~~~*r~~*.~*..*~*~~*~~~;**.*.**~*.********.*~~******~~**~*~*~~*.....*.****.********.**.*****.******~*.~.~~*..*..* 

i:: 12.31 

:;..i" 12.7 -8 

12.33 12.40 12.38 12.46 12.47 12.64 12.37 12.47 11.80 11.68 11.32 11.46 10.87 10.70 10.48 10.86 10.21 10.40 10.02 10.21 10.08 3.86 9.61 9.72 9.60 9.39 9.29 9.60 9.31 9.62 

:*z 
4:6 

12.32 12.16 12.37 12.20 12.46 12.29 12.40 12.24 11.63 11.76 11.43 11.32 10.88 10.79 10.88 10.61 10.43 10.37 10.26 10.20 10.11 10.08 9.78 9.76 3.66 9.63 9.66 9.63 9.68 9.66 
12.47 11.34 11.36 12.07 12.04 11.46 11.16 10.66 10.48 10.26 10.09 3.96 9.66 9.66 9.44 9.46 

.*..*.****.** 
nt u 

90 92 
. ..**..****.* 

8.34 a.83 
9.13 9.03 
9.18 9.08 

2:;‘; 9.06 8.36 

! :E 11.94 12.21 11.63 11.44 11.73 Il.48 11.82 11.66 11.80 11.66 11.02 11.24 10.36 10.73 10.48 10.23 10.32 
l&J; 

10.11 3.93 9.34 3.78 3. 9.66 a2 3.64 9.39 9.42 9.28 9.32 9.18 9.34 9.20 a.96 8.81 a.86 a.71 
11.86 11.18 11.22 11.30 11.30 10.78 10.61 9.76 9.60 9.49 9.23 9.12 9.02 9.04 a.66 a.66 
11.39 10.32 10.96 11.04 11.06 10.66 10.23 

'"9.:; 

3:Ga 
3.76 ~~~ 9.42 9.31 9.07 8.96 8.86 8.88 8.60 8.41 

11.12 10.67 10.70 10.79 10.80 10.32 10.07 3.66 . 3.24 9.13 8.90 8.80 8.63 8.71 a.34 8.26 

1o:o ii*: 

9.64 9.29 1.:; t*: 8.87 8.78 a.66 2:: 8.37 8.39 a.03 7.94 

Xi%? 8.91 8.66 8:46 8:31 
8.63 8.43 8.24 

7:86 
8.06 a.07 7.72 7.64 

a:60 
7.76 7.77 7.44 7.36 

11 ..o FE a.14 FE P% 
7161 

;.i: 
7163 

TZ 
7137 

7.66 7.47 7.48 7.17 7.09 
12.0 8.18 * 7.84 7.30 7.20 7.22 6.91 6.84 

16.0 7.984 7.676 7.703 7.762 7.806 7.6OG 7.343 7.124 7.0(12 6.960 6.863 8.796 6.666 6.697 6.610 6.626 6.260 6.186 
it: 6.809 6.961 6.661 6.737 0.676 6.763 6.626 6.804 6.673 6.861 0.427 6.641 6.293 6.628 6.121 6.386 6.074 6.348 6.272 6.983 6.909 6.208 6.867 6.166 6.746 6.071 S.036 6.701 4.366 6.822 4.377 6.63G 4.770 6.400 4.724 6.346 

28 6.320 4.013 4.640 6.122 4.668 6.142 4.696 6.102 4.740 6.228 4.676 6.046 4.940 4.406 4.824 4.382 4.366 4.793 4.727 4.237 4.671 4.24t 4.216 4.636 4.663 4.143 4.626 4.120 4.069 4.460 4.471 4.070 4.288 3.902 4.246 3.886 

2: 4.416 4.062 3.333 4.262 4.2fO 3.949 4.303 3.960 4.346 4.022 4.198 3.88G 4.118 3.813 4.024 3.728 4.001 3.108 3.343 3.660 3.904 3.619 3.633 3.876 3.810 3.634 3.791 3.618 3.464 3.734 3.473 3.744 3.332 3.691 3.667 3.301 

8G:o ii-8 

3.804 3.GG6 3.680 3.709 3.149 3.624 3.667 3.479 3.461 3.418 3.373 3.366 3.302 3.287 3.237 3.248 3.114 3.086 

3.607 3.362 3.437 3.240 3.461 3.264 3.479 3.260 3.617 3.317 3.4OO 3.207 3.338 3.149 3.267 3.083 
3.260 

3.210 3.031 
3.176 3.163 3.103 3.090 3.043 3.061 2.327 2.901 

3.068 2.998 2.377 2.331 2.913 2.874 2.882 2.768 2.741 

E.8 
&io 

3.184 3.027 3.OG9 2.918 3.062 2.330 3.106 2.964 3.142 2.803 3.033 2.831 2.S86 2.633 2.323 2.782 2.909 2.769 2.876 2.736 2.707 2.843 2.824 2.688 2.780 2.647 2.770 2.638 2.727 2.637 2.736 2.604 2.624 2.600 2.601 2.478 
2.764 2.694 2.678 2.098 2.730 2.642 2.6S6 2.644 2.633 2.604 2.477 2.400 2.424 2.416 2.371) 2.386 2.289 2.269 

a8 2.662 2.376 2.4W 2.290 2.4?0 2.300 2.4W 2.319 2.621 2.343 2.440 2.273 2.338 2.236 2.362 2.133 2.342 2.183 2.169 2.316 2.231 2.136 2.276 2.123 2.242 2.092 2.08G 2.236 2.201 2.063 2.207 2.069 2.119 1.977 2.100 1.980 

EC?: 
260:0 

1.614 1.612 1.743 1.4GO 1.4GO 1.767 1.771 1.412 1.790 1.434 1.739 1.448 1.426 1.711 1.881 1.402 1.391 1.676 1.383 1.668 1.363 1.640 1.630 1.361 1.08 1.343 1.604 1.339 1.679 1.319 1.323 1.684 1.308 1.621 1.608 
1.332 1.206 1.2?2 1.263 1.302 1.2G6 1.263 1.231 1.232 1.218 1.200 1.138 1.186 1.176 1.167 1.161 1.163 ;:X; 

fit: 1.208 I.117 l.lGG 1.078 1.164 1.086 I.168 1.071 1.176 1.007 1.14B 1.061 1.137 1.062 1,117 1.036 1.118 1.036 1.108 1.024 1.030 1.003 1.066 1.008 0.937 1.076 0.9~ 1.069 0.976 1.062 0.978 1.066 0.971 1.048 0.941 1.016 

1.048 1.013 1.002 I.006 1.021 0.938 0.368 0.372 0.372 0.982 0.948 0.346 0.837 0.930 0.918 0.919 0.912 0.884 
0.994 O.SSG 0.961 0.964 0.389 0.947 0.937 0.322 0.323 0.913 O.WO 0.896 0.8B3 0.883 0.870 0.873 0.866 0.840 
0,361 0.318 O.SlO 0.913 0.,27 0.804 0.897 0.682 O.&G3 0.8'14 0.862 0.68G 0.861 0.646 0.833 0.836 0.626 0.804 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAIGE II UIITS OF HC/SQ o( 
62 

CR IOUS 
24 

E/A BE 
ac 12 

n; AL SI CA TI CR FE II al GE SE SR m no Pn 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4P 

..**..*~...*.11.,***..**...***.*~**.***.**.*.**~***********.*.*.*.**.**.**.**.~******~*.*.******~.****.******.**.*****~****.*****~.* 
2.6 4.670 4.470 6.311 6.290 6.170 7.336 7.960 8.390 8.720 9.060 9.240 9.860 10.180 10.667 10.860 11.042 11.382 11.680 
3.0 6.424 6.230 7.299 7.320 7.182 8.436 9.217 9.713 10.078 10.437 10.717 11.416 11.822 12.343 12.663 12.8013 13.336 13.663 
3.6 6.224 6.030 8.319 8.383 8.226 9.684 10.614 11.061 11.460 11.846 12.214 12.999 13.481 14.044 14.269 14,681 16.280 16.462 

::: 7.073 7.971 8.873 7.760 10.478 9.378 10.630 9.486 10.429 9.308 10.728 11.930 11.847 13.221 12.446 13.8fI 12.877 14.333 13.284 14.790 13.744 16.312 14.814 16.269 16.170 18.897 16.773 17.639 16.013 17.793 16.382 18.219 17.239 19.223 17.368 19.316 

6.0 8.917 8.690 11.62l Il.818 11.692 13.174 14.940 16.340 16.833 16.277 16.924 17.967 18.867 19.349 19.616 20.098 21,241 21.306 
6.6 9.912 9.664 12.807 13.061 12.797 14.460 16.106 16.864 17.378 17.838 18.681 19.712 20.484 21.204 21.484 22.023 23.299 23.341 
6.0 10.966 10.683 14.037 14.329 14.047 16.789 17.618 18.416 18.989 19.446 20.288 21.606 22.360 23.109 23.401 26.399 26.426 
6.6 12.047 11.746 16.311 16.663 16.340 17.162 19.178 20.027 20.609 21.098 22.039 23.349 24.267 26.063 26.368 

E 3.996 
6.018 27.646 27,662 

7.0 13.187 12.861 16.631 17.021 16.677 18.680 2Q.788 21.666 22.298 22.799 23.843 26.244 29.236 27.070 27.388 28.093 29.740 29.760 

1o:o 2: 
16.61 16.19 19.40 19.90 19.48 21.66 24.16 26.16 26.82 26.34 27.60 29.19 30.33 31.24 31.68 32.40 34.28 34.29 
18.22 21.01 17.71 20.39 22.36 26.48 22.96 29.20 22.47 26.63 24.70 28.02 31.48 27.71 32.68 28.62 29.66 33.47 30.08 34.02 31.66 36.73 33.36 37.7l 34.64 J9.17 36.63 40.23 36.99 40.61 36.91 41.86 39.02 43.97 44.03 39.06 

:::: 23.99 27.16 23.26 16.26 32.27 26.79 29.63 33.23 28.97 32.48 31.63 36.21 36.43 39.69 39.74 41.00 41.91 37.69 38.16 42.48 40.11 44.68 42.30 47.09 43.91 48.87 46.04 60.08 46.46 60.60 46.61 61.79 49.13 64.60 49.23 64.66 

16.0 37.70 39.30 43.76 46.11 44.04 47.30 63.21 64.96 66.04 66.61 69.64 82.73 66.04 66.47 66.94 68.60 71.89 72.27 

E2 83.91 68.73 60.18 79.64 88.26 92.86 98.41 96.89 66.66 93.36 70.66 98.66 110.74 79.69 113.74 82.03 116.44 83.42 116.86 83.94 112.27 88.64 118.10 92.91 132.61 96.21 134.66 98.00 136.26 98.66 136.26 100.86 106.06 143.36 106.01 146.06 
30.0 113.06 107.13 123.38 127.43 123.96 130.26 146.12 149.93 161.96 162.21 160.66 168.12 173.76 176.27 176.90 180.67 166.60 189.23 
36.0 146.09 137.93 167.72 162.90 168.34 166.79 186.98 190.44 192.81 192.86 2Q3.67 212.82 219.82 222.87 223.32 227.89 734.66 238.37 

40.0 182.8 172.1 196.6 202.2 198.4 206.1 229.9 236.2 237.9 237.6 260.9 262.1 270.6 273.7 274.4 279.8 287.4 292.3 
46.0 223.1 209.6 237.4 246.1 238.0 248.0 277.9 283.9 297.0 286.6 302.4 316.7 326.8 329.3 329.9 336.2 344.7 360.9 
60.0 266.9 260.2 282.6 191.7 283.2 294.6 329.7 336.7 340.1 339.3 368.1 373.6 386.4 389.3 389.8 397.0 406.4 414.1 
66.0 314.2 194.0 331.0 341.7 331.7 344.4 386.3 393.3 397.1 396.8 417.8 436.8 449.3 463.6 464.0 462.2 472.4 481.6 
60.0 364.8 340.8 382.8 396.2 383.6 397.6 444.7 463.7 467.9 466.2 481.4 601.9 617.6 621.9 622.4 631.6 642.6 663.6 

Ex 
80:0 

418.6 476.7 390.6 443.2 437.9 496.2 462.0 612.1 438.6 496.7 464.2 614.0 607.8 674.4 617.8 686.6 622.4 690.6 620.1 687.7 648.9 620.1 846.2 672.1 666.9 689.7 670.9 694.4 694.8 671.2 682.3 904.9 617.0 696.3 629.0 709.7 
699.1 666.9 621.9 041.8 622.3 842.9 718.0 731.3 737.1 733.1 773.6 806.6 829.9 836.4 836.6 848.7 863.8 882.0 

90.0 734.4 881.6 769.6 783.7 769.8 783.8 874.9 890.7 897.3 891.9 940.9 979.6 1008.9 1014.9 1014.6 1030.1 1047.4 1069.6 
100.0 981.2 816.6 908.7 937.4 908.7 936.4 1044.7 1063.1 1070.6 1063.8 1121.8 1167.6 1202.3 1206.7 1208.1 1226.9 1246.4 1271.9 

160.0 1776. 1636. 1812. 1869. 1811. 1660. 2071. 2104. 2116. 2099. 2213. 2301. 2368. 2376. 2373. 2403. 2437. 2486. 
:E."o:: 4241. 2908. 3871. 2687. 2946. 4274. 3040. 4406. 4266. 2940. 4373. 3020. 3360. 4866. 4963. 3412. 3428. 4962. 3394. 4901. 3678. 6166. 3688. 6302. 3803. 6472. 3836. 6639. 3.929. 6626. pi: 3901. 6601. 4000. 

6781. 
300.0 6741. 6226. 6764. 6946. 6692. 6662. 8700. 6882. 6948. 7341. 7446. 7422. 7627. 7603. 7729. 
360.0 7366. 6709. 7394. 7627. 

;;;'o: 
7663. 8398. 8616. 8631. 

X:6;: 
8893. 

GE: 
9386. 9626. 9494. 9833. 9679. 9876. 

400.0 9167. 8306. 9147. 9438. 9198. 9340. 10383. 10674. 10640. 10418. 10983. 11211. 11678. 11760. 11718. 11893. 11809. 12160. 
460.0 11041. 10004. 11010. 11361. 11075. 11237. 12488. 12656. 12672. 12622. 13200. 13466. 13907. 14130. 14076. 14289. 14173. 14822. 
600.0 13026. 11791. 12969. 13384. 13060. 13232. 14703. 16148. 14912. 14732. 16628. 16836. 16363. 16619. 16662. 16804. 16666. 17186. 

~..1*1.*...1**..*********..*.*.**.~.***~~****.**.****..*~**..*.**.***.....*******.*...*************.*.***~*~*~**.******~****~..*.~** 
E/A sn T6 8A LA PR sn GD ED Tn LU TA FtE IR AU PB 91 Ts 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 83 So 92" 
.~***..*.*..**~**....*..*.*.**...***.*****..****~*..*.**.*.**~.**.****.*...****.*****..*****..**.**..********..**.**~*.****..~**~~*~ 

2.6 12.27 12.73 13.76 14.02 14.66 16.30 16.76 16.34 16.69 17.03 17.39 17.77 18.14 18.48 18.92 19.08 20.47 20.91 
3.0 14.28 14.83 16.86 16.10 16.64 17.61 18.03 18.74 19.16 19.66 19.96 20.37 20.84 21.21 21.68 21.83 23.34 23.82 
3.6 16.28 16.94 17.94 18.18 18.73 19.71 20.30 21.13 21.68 22.06 22.49 22.96 23.60 23.91 24.41 24.66 26.18 26.69 
4.0 18.31 19.06 20.06 20.26 20.84 21.94 22.68 23.63 24.02 24.66 26.04 26.63 26.16 28.60 27.13 27.27 29.01 29.66 
4.6 20.38 21.22 22.21 21.41 22.98 24.19 24.90 26.98 26.49 27.M) 27.60 28.12 28.84 29.31 29.87 30.M) 31.86 32.44 

Ii:: 22.49 24.84 23.42 26.67 24.40 26.64 24.69 26.61 26.16 27.39 26.48 28.81 27.26 29.66 30.92 28.42 31.62 28.96 29.62 32.21 30.19 32.83 30.76 33.42 31.66 34.29 32.06 34.83 32.64 36.46 32.77 36.67 37.68 34.76 36.36 38.32 

t:: 26.66 29.10 30.32 27.97 26.94 31.28 19.09 31.41 29.66 31.99 31.20 33.64 32.10 34.60 33.47 38.08 34.11 39.76 34.86 37.66 36.61 38.26 36.14 38.91 37.09 39.93 37.66 40.63 38.31 41.22 41.32 38.42 40.66 43.69 41.33 44.39 
7.0 31.41 31.73 33.66 33.60 34.37 36.13 37.16 38.73 39.44 40.29 41.03 41.73 42.82 43.46 44.18 44.28 46.77 47.62 

8.0 30.20 37.72 38.66 38.73 39.30 41.28 42.43 44.22 44.99 46.96 46.78 47.64 48.78 49.49 60.28 60.36 63.13 63.94 
9.0 41.21 42.94 43.66 43.90 44.46 46.66 47.96 49.94 60.76 61.64 62.76 63.68 64.96 66.76 66.62 66.68 69.73 60.61 

10.0 46.46 48.40 49.30 49.30 49.64 62.28 63.70 66.89 66.80 67.96 66.96 69.87 61.41 62.26 63.20 83.26 66.69 67.66 
11.0 61.93 64.10 64.98 64.94 66.46 68.14 69.70 62.09 63.07 64.36 66.44 96.40 89.10 69.00 70.04 70.07 73.72 74.76 
12.0 67.64 SO.04 90.90 80.61 61.31 64.24 86.93 69.64 69.66 70.98 72.16 73.l8 76.03 76.01 TT.13 TI.16 81.11 82.22 

16.0 76.16 79.30 80.09 79.66 80.26 83.96 94.09 69.34 SO.67 92.32 93.78 96.02 97.34 98.62 99.96 99.90 104.87 106.23 
20.0 111.64 116.10 116.76 116.24 116.40 121.61 124.47 126.84 130.39 132.77 134.76 136.39 139.62 141.04 143.06 142.90 149.76 161.68 
26.0 162.46 168.62 169.12 168.28 168.11 164.80 168.66 174.24 176.12 179.17 161.73 183.73 187.80 189.67 192.37 192.10 201.10 

198.71 
203.44 

30.0 209.67 206.96 '206.78 206.21 213.63 218.48 226.34 227.67 231.36 234.64 236.97 242.00 244.23 247.72 247.31 268.70 261.60 
36.0 260.14 290.06 260.18 266.66 267.62 267.62 273.76 281.97 284.66 289.11 292.98 296.87 301.96 304.62 308.91 308.36 322.36 326.67 

40.0 306.6 318.7 318.6 316.6 314.9 327.2 334.3 344.0 346.9 362.3 366.9 360.3 367.6 370.4 376.8 376.0 391.9 396.1 
2E.i 441.8 446.1 447.2 467.1 472.0 
55:o 

367.9 433.9 382.3 460.9 381.9 460.2 379.4 447.1 377.1 444.1 391.6 481.0 400.0 470.6 411.2 483.4 414.6 487.1 420.7 494.3 426.1 600.6 430.0 606.0 436.4 614.6 
618.2 626.8 624.7 647.9 663.6 604.6 624.2 623.2 619.6 616.8 636.1 646.1 660.6 664.7 672.9 680.0 

686.0 696.8 699.8 608.7 607.4 634.1 640.6 
80.0 679.7 602.1 MO.8 699.6 691.9 613.9 626.4 642.6 647.1 666.2 694.3 699.9 882.1 886.4 696.7 696.1 726.6 732.7 

%:iZ 669.2 742.9 684.6 771.6 982.9 769.6 676.0 763.9 672.6 767.4 697.2 786.0 711.2 800.6 729.2 820.4 734.1 826.6 837.1 744.4 763.4 847.2 769.6 854.0 773.2 869.1 777.9 789.6 787.7 822.0 830.1 
874.1 887.3 886.2 923.6 932.6 

::: 1116.9 922.9 1161.7 968.3 1167.9 966.4 1149.2 948.3 1138.1 939.7 1178.4 973.4 1201.0 991.4 1016.1 1228.9 1136.1 1022.4 1036.0 1162 2 1266 1048.3 6 1066 1276.4 4 1297'9 1074 7 IO80 3 
1304'3 

1096 8 
132413 

1094 1 1141 2 1162 2 
1390'6 

100.0 1330.3 1381.0 1376.2 1366.7 
1321‘0 l377:B 

1361.9 1399.4 1426.6 1466.1 1466.3 1486:O 16Ol:l 1613:2 1636:2 1646:3 1669.2 1666:2 1631.9 1647:l 

160.0 2699. 2697. 2686. 2896. 2034. 2724. 2773. 2829. 2843. 2876. 2908. 2928. 2973. 
2984. 200.0 4180. 433e. 713%- 4286. 4232. 4373. 4449. 4634. 4663. 4604. 4664. 4686. 4763. 4769. 

2%: 
~8":~~ 

260.0 %? 6140. . 6166. 6103. e303. 6404. 6623. 6643. 6616. 6892. 6730. 6823. 6861. 6968. 6938: 

yo: y;: 

7116. 7272. 
300.0 
360.0 10316: I!%: 1~~: lfi%!: I:~:~: 10%:: 1%: 11"1!: 1~:~: I%%: 1% 1%;: 1%:: ll":;:: 1%;: 1%:: I=:;: !E::: 

400.0 12722. 13160. 13249. 13173. 12987. 13360. 13622. 13764. 13778. 13931. 14116. 14166. 14338. 
460.0 16271. 16819. 16916. 16830. 16604. 16226. 

14420. 14647. 14836. 
16027. 16613. 16626. 

14901. 16237, 
16708. 16931. 16968. 17202. 

600.0 17946. 18712. 
17290. 17663. 

18669. 16618. 16361. 18836. 19064. 
17607. 17766. 18266. 

19398. 19407. 19621. 19886. 19948. 20176. 20300. 20620. 20666. 20837. 21421. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROIIC sTOPPI FUUER II WITS OF IfSV/(HG/Sq a!) 

IG 
12 

. ...**. 

CR Fs II aJ GE SE SR 23 Ho ml 
24 w 28 29 32 34 38 40 42 46 

~..*****+*..****.*+*.********~****.****.*.*******, ~**.*+***....*+.**.*.~, 
20.87 20.29 19.82 18.41 17.63 16.48 18.23 14.06 16.49 13.40 
20.69 20.07 19.47 18.48 17.48 16.46 18.23 16.07 16.62 14.10 
20.14 19.87 19.33 18.18 17.20 14.44 18.04 16.90 16.34 14.09 
19.82 19.18 18.90 17.78 16.86 18.12 16.76 16.42 lb.lB 13.94 
19.07 18.84 18.43 17.36 18.46 16.77 16.42 16.30 14.83 13.77 

k8 26.86 27.30 29.12 27.86 22.92 23.79 22.86 22.06 23.36 22.66 21.84 21.16 19.19 18.67 18.61 l7.97 18.14 11.62 17.94 17.46 18.89 18.44 18.03 16.82 16.00 16.39 16.06 14.69 14.69 14.96 14.51 14.17 
W.04 28.70 22.12 2i.30 21.79 W.48 14.01 X7.44 17.12 l6.97 16.W 16.20 14.42 14.32 14.23 13.93 
24.97 26.83 21.38 W.69 21.08 19.86 17.47 14.94 14.43 18.61 16.69 14.80 14.24 13.97 13.88 13.60 
23.98 24.88 W.88 19.S2 W.41 19.26 10.94 18.46 14.17 14.04 16.16 14.42 13.88 13.42 13.64 13.18 

E 22.18 W.68 22.93 21.44 19.41 18.30 18.71 17.44 19.18 14.10 18.16 17.17 18.02 16.17 16.64 14.74 16.31 14.63 16.23 14.47 14.37 13.88 13.49 $3.03 13.19 12.68 12.99 12.36 12.89 12.30 12.68 11.99 

:3 19.36 
12:o U.al 17.21 

W.l4 19.01 17.30 19.42 18.89 16.86 17.13 18.27 14.29 16.60 14.41 13.73 14.03 13.38 13.19 13.83 13.74 13.14 13.02 il.43 ll.87 12.42 11.99 11.47 11.80 11.29 11.76 11.26 11.44 10.98 
14.01 16.93 16.09 16.60 14.78 13.11 12.78 12.41 12.69 11.90 11.37 10.99 10.93 lo.79 10.64 

9.77 9.86 9.42 9.41 

ES 
8142 

P% 
4:2s 

6.80 6.46 

2: 7.299 4.984 7.194 7.841 7.064 8.482 4.833 4.280 6.480 7.049 6.833 6.288 6.116 6.932 8.007 6.634 6.4S6 6.992 6.998 6.631 6.683 6.241 6.468 6.038 6.300 4.891 4.893 6.296 4.886 6.267 6.184 4.792 

0o:o E-X 

9.177 b.WO 4.007 6.821 8.007 6.936 6.229 6.140 6.108 6.141 4.873 4.883 4.649 4.626 4.629 4.483 

6.762 6.390 8.211 6.827 6.284 6.807 6.434 6.103 5.808 6.247 6.124 6.462 4.888 4.698 4.807 4.620 4.493 4.774 4.811 4.627 4.640 4.292 4.384 4.127 4.269 4.010 4.240 3.993 4.243 3.997 4.183 3.942 

g.:g i3.g 

13:01 is:09 
12.74 12.79 
12.47 i2.4G 

11.96 11.92 
$.4g ;;.g 

lo:68 1o:re 
10.14 10.06 

9.12 
7.82 t-2 
8.88 4:72 

Z:H 
8.01 
6.44 

6.104 4.988 
4.722 4.614 
4.401 4.300 
4.128 4.033 
3.891 3.803 

E:P 4.808 6.078 6.498 6.204 4.708 4.988 4.814 4.646 4.971 4.712 4.839 4.689 4.342 4.119 4.272 4.064 4.247 4.031 4.063 4.280 4.060 3.863 3.7CiJ 3.903 3.792 3.802 3.778 3.689 3.783 3.694 3.732 3.647 

100:0 iKi 

4.363 4.724 4.278 4.147 4.280 4.172 3.747 3.889 3.989 3.701 3.610 3.377 3.282 3.273 3.278 3.237 

3.892 3.494 4.02l 4.338 3.829 3.944 3.811 3.636 3.934 3.949 3.837 3.682 3.448 3.202 3.398 3.164 3.379 3.138 3.409 3.188 3.234 3.008 3.112 2.893 3.026 2.812 3.017 2.807 3.022 2.812 2.988 2.779 

3.486 3.802 
3.604 3.426 
3.198 3.128 
2.961 2.888 
2.747 2.490 

2.767 3.023 2.746 2.646 2.760 2.689 2.421 2.387 2.379 2.404 2.281 2.197 2.136 2.134 2.139 2.117 2.092 2.066 
2.272 2.612 2.241 2.211 2.267 2.234 2.009 1.973 l.WO 2.004 1.900 1.872 1.810 1.773 1.780 1.767 1.776 1.713 
l.OW 2.199 l.WS 1.937 1.982 1.969 1.763 l.7lZ 1,739 1.780 1.969 1.844 1.690 1.669 1.666 1.640 1.642 1.609 
1.790 1.984 1.806 1.749 1,790 1.771 1.694 1.634 1.673 1.693 1.611 1.488 1.439 1.412 1.419 1.398 1.416 1.398 
1.449 1.828 1.446 1.813 1.862 1.434 1.471 1.417 1.463 1.471 1.398 1.374 1.329 1.306 1.311 1.290 1.308 1.286 

E*! 
6oo:o 

1.641 1.467 1.710 1.817 1.668 1.476 1.608 1.428 1.544 1.484 1.630 1.448 1.378 1.306 1.329 1.280 1.381 1.289 1.379 1.307 1.309 1.240 1.287 1.219 1.248 1.180 1.224 1.180 1.230 1.168 1.210 1.148 
1.390 1.643 1.408 1.384 1.398 1.383 1.248 1.204 1.232 1.249 1.186 1.166 1.128 1.109 1.116 1.097 

1.227 1.187 
1.163 1.126 
1.112 1.077 

.*.**..*.*,.1*.+*1.***..**..*~.*...*....****....~.....**~*****..*.*.****~****.*~*~**.**.*.*~*****.~*.***...*.**~~.****, 

wA s’ 62m 6P 67” 6QpR bZsn 2 b7no w m  71LU 7JTA 76RE 771R 79Au *zw b38* 60 
*......*.......+L........*...*.*..*.**.*~..*...*.~..**......**.*..*.*****....***.....**.*......*.**.*..**..**.~.***.*., 

::i 13.88 13.68 13.07 12.Sb 13.01 13.12 13.11 13.22 13.00 13.13 12.43 12.28 11.90 12.07. 11.26 11.46 11.23 11.01 10.73 10.96 10.63 10.76 10.38 10.69 10.24 9.99 10.11 9.88 10.00 9.76 10.03 9.79 

4:s z 

13.80 13.01 13.04 13.16 13.09 12.4l 12.04 11.48 11.27 11.01 10.82 10.84 10.32 10.19 10.08 10.11 

13.43 13.20 12.86 12.64 12.90 12.68 12.99 12.78 12.94 12.74 12.30 12.12 11.80 Il.90 11.27 li.Ql 11.22 11.10 10.96 10.86 10.78 10.88 10.83 10.63 10.30 10.22 10.10 10.18 '"g.;; . ;E.;T . 

I.. . . . . . . . . . . . 
lx U 

90 92 
, . . . . . . . . , . . . + 

9.28 
9.60 
9.68 
9.66 
9.48 

12.94 12.40 
12.87 12.14 
12.39 il.87 
12.11 11.81 
11.44 11.36 

12.44 
lZ.lb 
11.91 
11.66 
11.39 

10.89 
10.42 

9.98 
9.68 
9.21 

%F 
4: 201 
6.644 
6.028 

4.811 

1.906 
1.684 

:z 
1:168 

1.087 
1.032 
o.w7 

12.63 12.61 
12.27 12.28 
12.00 12.00 
11.74 11.74 
11.47 11.48 

10.97 10.99 
10.60 10.63 
1og.g '"9.g 

9:24 9:32 

11.91 

xx 
ii:21 
10.98 

10.62 
10.08 

9.48 

X:E 

8.047 

w: 
6:438 
4.@38 

t% 
3:914 

"5% 

3.289 

1.083 
1.027 
0.9113 

11.60 
11.39 
11.14 

::::: 

10.28 

ix! 
;:;; 

x; 
p& 

4:843 

11.10 
10.91 
10.71 
10.61 
1o.w 

10.10 
9.96 
9.80 

it:: 

9.98 
9.84 
9.49 

::5: 

9.87 
9.73 
9.67 
9.41 
9.24 

9.47 
9.34 z 
9.19 9:os 

t::; t:;: 

10.86 

'"g-i% 
e: 66 
9.18 

9.89 9.46 9.34 a.12 9.02 8.91 8.93 8.66 8.46 
8.78 8.16 
8.48 

X:!? 
7.86 

8.18 8.08 7.67 
7.88 7.80 7.31 

8.321 8.389 
7.121 7.172 
8.249 6.300 
6.687 6.637 
6.047 6.116 

7.837 

3z 
s:zca 
4.728 

7.362 7.283 

~%: 
6:036 

Elii 
4:ew 

4.683 4.648 

6.994 6.697 6.628 
6.802 6.743 
:A:; “A 

4:210 tl70 

8.661 8.230 
7.319 7.04l 
8.419 6.178 
6.734 6.622 
6.200 6.008 

4.768 4.693 

3% 
31717 
3.604 

4.447 4.346 4.320 4.284 4.216 4.184 4.114 4.093 4.032 4.042 3.877 3.841 
4.120 4.028 4.009 3.966 3.911 3.082 3.819 3.801 3.743 3.763 3.900 3.667 
3.846 3.761 3.742 3.696 3.464 3.628 3.648 3.664 3.499 3.609 3.386 3.336 
3.411 3.633 3.616 3.472 3.434 3.410 3.366 3.342 3.291 3.2W 3.168 3.137 
3.408 3.338 3.320 3.280 3.243 3.221 3.171 3.16s 3.110 3.118 2.992 2.986 

3.321 3.362 3.401 
3.198 3.234 
2.922 2.967 
2.bSb 2.732 
2.613 2.646 

1.921 1.947 
1.607 1.421 
1.392 1.413 
1.264 1.276 
1.162 1.180 

3.111 
2.w2 
2.712 

?!Z 

1.798 
1.601 
1.321 
1.200 
1.111 

1.779 
1.486 
1.302 

Xi 

Ei 
2:434s 

:::ti 

1.788 

:%z 
1:140 
1.093 

:*z: 
2:425 

3%; 

z:: 
1:zes 

::EZ 
1.014 

8:E 

:*tz 
p;; 

2:241 

:~E?x 
p;; 

11074 

1.009 
0.969 
0.914 

2.962 
2.812 
2.674 

::ZZ:: 

1.712 
1.431 
1.254 
1.141 
1.067 

EX4f 
0:904 

0.997 

EZ 

2.840 2.816 
2.706 2.882 
2.42; 

2:142 

;A$ 

2:124 

XfZ 
I:336 
1.212 
1.123 

1.449 1.436 
1.417 1.371 
1.261 1.211 
1.137 1.101 
1.063 1.021 

0.969 0.980 
0.939 0.912 
o.ws 0.873 

1 .OSl 1.108 
1.036 1.061 
0.990 1.006 

1.029 1.027 
pwg pg xi 

o:es7 

56 Atomic Data and Nuclear Data Tables. Vol. 46. No. 1, September 1690 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

66 
R&ICE II UlITS OF IWSG o( m 101s 

26 

WA En 6c ffi AL SI CA II cn F6 II aJ GE SE SR i!a HO rul 
4 11 13 14 20 22 24 28 28 29 32 34 38 40 42 45 4:" 

..**,...1**1..*.......*.....*..*.*...**.*.**.**...*.*******..*.**..*.*.~*.****..~.*****~~*....*~*...***~**....*....**..*........*... 

3:: 4.760 6.499 4.660 6.309 6.421 7.409 6.400 7.430 6.280 7.283 7.466 8.669 9.360 8.090 8.636 9.861 10.231 8.870 10.601 9.210 10.891 9.410 10.030 11.600 IO.370 12.018 12.642 10.849 11.040 12.749 11.234 13.006 11.684 13.646 11.890 13.781 

3.x 
4:s 

6.234 7.135 6.106 6.946 8.427 9.493 8.493 9.692 9.416 8.336 10.8W 9.698 10.667 11.989 11.211 12.694 11.616 13.031 12.010 13.448 13.919 12.391 13.186 14.801 13.679 16.369 14.245 16.976 14.469 16.213 14.784 16.697 17.466 16.496 16.676 17.690 
8.024 7.826 10.679 10.733 10.632 12.069 13.360 14.016 14.484 14.922 16.486 16.463 17.092 17.739 17.992 18.422 19.438 19.638 

6:0 E 

8.980 8.748 11.716 11.916 11.889 13.298 14.773 16.479 16.978 16.434 17.091 18.147 18.868 19.644 19.810 20.297 21.462 21.624 

10.974 9.944 10.723 9.714 14.116 12.894 13.140 14.409 14.129 12.686 16.899 14.676 16.231 17.736 18.641 16.6'87 17.617 19.100 17.989 19.687 18.742 20.438 21.669 19.886 22.626 20.868 11.393 23.289 21.673 23.681 22.216 24.179 26.696 23.603 23.664 26.630 
6.6 12.062 11.774 16.390 16.723 16.412 17.263 19.286 20.141 20.730 21.231 22.181 23.602 24.432 26.233 26.638 26.191 27.730 27.766 
7.0 13.177 12.868 16.688 17.081 16.738 18.670 20.883 21.789 22.407 22.920 23.973 26.386 28.348 27.227 27.644 28.263 29.912 29.931 

1o:o 8.X 
16.66 16.18 19.43 19.93 19.62 21.81 24.22 26.23 26.90 26.44 27.70 29.30 30.46 31.37 31.71 32.63 34.42 34.44 

20.89 18.14 20.31 17.67 22.36 26.46 26.16 22.96 22.47 26.60 24.73 28.02 27.76 31.47 28.86 32.68 29.69 33.47 30.14 34.04 31.63 36.76 33.42 37.76 34.73 39.21 36.72 40.27 38.08 40.66 37.01 41.71 39.12 44.02 39.16 44.09 
11.0 23.82 23.13 29.71 29.66 28.89 31.48 36.38 39.70 37.66 39.12 40.08 42.28 43.90 46.04 46.44 46.61 49.13 49.24 
12.0 26.93 26.10 32.14 33.11 32.36 36.12 39.48 40.90 41.81 42.40 44.60 47.01 48.80 60.01 60.43 61.72 64.44 64.61 

16.0 37.29 36.97 43.46 44.82 43.76 47.04 62.91 64.67 66.76 56.34 69.36 62.44 64.76 66.19 68.66 58.32 71.61 72.00 
20.0 67.92 66.60 66.69 97.72 88.00 70.23 79.97 81.32 82.70 83.26 87.80 92.16 96.46 97.24 97.79 100.09 104.28 106.23 
16.0 82.68 78.71 91.70 S4.70 92.20 97.43 109.48 112.47 114.17 114.91 120.94 126.74 131.12 133.27 133.87 136.87 141.91 143.61 
30.0 111.13 105.47 121.63 126.63 122.21 128.61 144.28 147.96 149.99 160.27 168.61 166.01 171.60 174.10 174.74 178.48 184.36 196.97 
36.0 143.41 136.63 166.26 160.37 165.90 163.33 183.24 187.60 190.02 190.10 200.87 209.82 218.09 219.69 220.24 224.76 231.48 236.14 

40.0 179.3 189.1 192.6 198.8 193.2 201.8 226.2 231.4 234.1 234.0 247.0 268.0 286.4 269.6 270.2 276.6 283.1 288.0 
46.0 218.7 206.7 233.2 140.8 233.9 243.8 273.1 279.2 282.2 281.8 297.4 310.8 320.6 324.0 324.6 330.8 339.2 346.4 

w:o :.i 

261.6 246.6 277.3 2lM.4 278.0 289.2 323.8 330.8 334.2 333.4 351.9 367.2 378.8 382.8 383.3 390.3 399.6 407.2 

307.7 367.2 334.0 288.3 324.7 376.4 336.3 387.6 326.4 376.1 338.0 330.1 378.3 436.3 386.2 446.2 389.9 449.3 388.7 447.7 410.3 472.4 428.0 492.7 441.3 607.9 446.6 612.3 446.0 512.8 464.0 621.8 404.1 632.8 473.2 643.6 

86.0 409.7 382.7 419.2 443.0 429.8 446.3 497.9 607.8 612.3 510.2 638.4 661.2 678.5 633.2 683.8 693.6 606.6 617.8 
70.0 496.4 434.1 486.1 601.7 466.7 603.7 663.0 673.9 678.8 676.2 607.9 633.6 662.9 667.9 668.2 889.1 662.0 898.1 

1oo:o E.8 

686.9 646.2 808.8 628.3 809.3 629.6 703.2 716.3 712.0 718.2 767.7 789.2 813.1 818.6 818.7 831.7 846.6 864.4 

718.0 891.3 688.8 798.8 743.2 888.7 766.8 916.8 743.6 688.8 767.1 916.1 1021.1 866.4 1040.1 871.9 1047.6 878.4 1040.7 873.2 1097.7 921.2 1141.6 969.1 1176.6 987.9 1183.0 993.8 1182.4 993.8 1008.8 1199.9 1026.8 1219.1 1047.6 1246.0 

150.0 1733. 1698. 1770. 1826. $;f;. 1817. 2023. 2066. 2067. 2051. 2182. 2248. 2314. 2321. 2319. 2349. 2381. 2430. 

3%;: 4171. 2978. 4302. 2907. 

‘IX;: 7247: 

4268. 2948. 4747. 3282. 3331. 4534, 4832. 3346. 3313. 4783. 3493. 6043. 3800. 6176. 3713. 6340. 33:. 3739. 6392. 3784. 6484. 3809. 6486. 3906. 6623. 

EE: EE: 7439. 6799. 7387. 6748. 6392. 8191. %:: 8499. 8322. 6429. 8228. 6779. 9676. 6938. 8086. 7182. 9163. 7283: 9292. 7241. 9261. 7344. 9397. 7321. 9346. 7641. 9834. 

400.0 9931. 8103. 8921. 9204. 8971. 9110. 10127. 10410. 10280. 10161. 10712. 10936. 11293. 11471. 11429. 11600. 11619. 11881. 
460.0 10799. 9768. 10737. 11079. 10800. 10968. 12179. 12638. 12368. 12212. 12873. 13133. 13663. 13781. 13728. 13936. 13823. 14261. 
500.0 12701. 11600. 12647. 13061. 12726. 12903. 14337. 14772. 14642. 14366. 16143. 16442. 16948. 16207. 18142. 18388. 18243. 18761. 

C....+...**+**.+.+..*.***************..*.*.****...**..***.*.*.*************.****.**.***.~.~*.****..*.**.**...*.*....*..*..*..****.~. 

6/A 3E m  8A LA FTt  SM CD 80 M LU TA IlE In AU Fs EI In u 
60 62 66 67 69 82 84 87 89 71 73 76 n 79 02 83 93 92 

.*+**+*+**U**.*.*********.****..*.********.~**..*********..*~********.***.~****..*****.~*.**~.*~**.**.*~..*****.*.*...*.~.*.*...*.. 

ZJ 12.49 14.60 12.98 16.07 14.01 16.11 14.28 16.37 14.82 18.92 16.58 17.60 16.04 18.33 16.83 19.06 16.98 19.46 17.33 19.86 17.69 20.27 18.08 20.70 18.48 21.17 18.81 21.66 22.04 19.28 22.19 19.42 20.83 23.72 21.28 24.20 

:.: 
4:6 

16.62 18.65 17.18 19.31 18.21 20.33 18.46 20.66 19.01 21.13 20.02 22.24 20.61 22.90 21.46 23.86 11.89 24.34 22.36 24.87 21.82 26.36 23.28 26.88 23.86 26.61 24.27 28.98 24.77 27.60 24.92 27.84 26.67 29.41 27.08 29.98 
20.62 21.48 22.48 22.63 23.27 24.49 26.21 28.27 26.80 27.39 27.91 28.46 29.19 29.67 30.24 30.38 32.26 32.84 

5.0 22.72 23.66 24.87 24.86 26.44 28.78 27.66 28.73 29.30 29.94 30.62 31.09 31.89 32.41 33.01 33.14 36.16 36.78 

El 27.06 24.87 28.19 26.90 28.90 23.19 27.08 29.34 27.86 29.93 29.11 31.49 29.96 32.39 31.23 33.77 31.83 34.41 36.18 32.62 33.16 36.82 33.75 39.46 34.64 37.42 36.19 38.00 36.82 38.67 36.94 38.78 38.07 41.04 35.72 41.72 

E 29.31 31.61 30.63 32.93 31.62 33.91 31.66 34.03 32.26 34.62 33.91 39.39 34.88 37.42 39.36 39.01 37.04 39.72 37.84 40.67 38.64 41.32 39.21 42.02 40.26 43.13 40.87 43.78 41.66 44.51 41.67 44.81 44.06 47.13 44.77 47.88 

8.0 39.36 37.88 39.86 38.93 39.61 41.51 42.67 44.46 46.24 46.19 47.03 47.79 49.06 49.77 60.67 50.68 63.46 64.26 

10":: 41.33 49.53 43.07 48.48 44.01 49.41 44.06 49.41 44.63 49.96 48.86 62.42 48.14 63.86 60.13 56.04 50.98 56.96 62.04 68.12 62.98 59.13 60.03 63.79 61.68 66.20 62.43 56.98 63.39 66.88 53.46 66.93 80.00 88.81 64.89 67.77 
11.0 61.96 54.12 56.03 66.00 66.63 68.22 69.78 62.18 63.16 64.44 66.63 66.60 68.20 69.12 70.17 70.20 73.66 74.90 
12.0 67.69 69.99 (IO.89 60.81 61.31 64.26 66.36 66.66 89.69 70.99 72.17 73.21 76.06 76.06 77.18 77.20 81.18 82.29 

16.0 76.86 79.01 79.83 79.61 SO.02 63.72 85.86 89.10 90.33 91.07 93.64 94.78 97.10 98.29 99.72 99.69 104.66 106.02 
20.0 110.72 116.26 116.96 116.46 116.64 120.73 123.67 128.02 129.67 131.93 133.91 136.62 138.67 140.20 142.20 142.06 148.90 150.72 
26.0 160.96 167.09 167.60 166.79 166.66 163.29 167.13 172.f.8 174.63 177.68 180.11 182.11 186.15 188.02 190.71 190.46 199.40 201.72 
30.0 196.36 104.23 204.69 203.42 2D2.89 211.23 216.04 222.83 226.04 228.79 231.96 234.38 239.37 241.69 246.06 244.66 266.96 268.84 
36.0 246.78 266.60 268.76 266.18 264.18 294.37 270.23 278.37 280.93 286.44 289.28 292.16 298.17 300.73 306.08 304.63 318.40 321.88 

it:: 302.1 382.1 314.0 376.3 313.9 376.0 311.9 373.6 310.4 371.3 322.6 366.6 329.6 393.9 339.1 404.9 408.2 342.0 414.4 347.4 419.7 361.9 423.6 366.3 431.8 382.4 436.0 386.3 370.6 
441.4 

440.6 389.9 460.2 386.6 466.0 390.7 

20" 496.8 426.7 443.4 616.1 442.8 614.2 439.7 610.6 436.9 607.0 463.6 626.0 463.0 638.8 476.6 661.1 666.1 479.3 486.4 563.2 492.6 670.2 499.9 676.1 606.3 686.9 609.9 689.8 617.6 618.4 639.3 544.8 
698.6 697.2 823.8 629.9 

80.0 669.2 691.3 690.1 686.9 691.4 603.0 816.3 631.2 636.7 544.7 662.6 668.2 670.2 674.6 664.6 683.0 713.0 720.1 

%P %t 
SO4:6 6139:3 

1096.9 1137.8 
1302.2 1361.8 

~~- 
6876: 

zt. 
6031: 

7878. 6166. 
10070. 10428. 

EX 
936:6 

1134.2 
1347.3 

2626. 

i% 
9193: 

10470. 

666.6 990.2 694.4 998.2 716.9 720.8 730.9 739.7 746.8 769.3 763.9 776.4 773.8 
749.4 743.1 no.2 786.6 806.0 810.3 821.6 831.4 838.1 863.0 867.9 870.9 888.8 
329.6 921.1 964.2 972.9 996.2 1002.4 1016.8 1027.8 1036.8 1063.7 1069.3 1076.6 1072.9 

1126.7 1114.8 1164.4 1176.6 1204.0 1211.0 1226.9 1241.2 1260.6 1271.7 1278.0 1297.7 1294.5 
1337.0 1323.6 1370.1 1396.0 1427.7 1436.7 1454.1 1470.9 1481.8 1606.3 1613.3 1636.7 1632.8 

2676. 2992. 2710. 2749. 2779. 2912. 2843. 2892. 2906. 2917. 2966. 

:i:;. 
w14: 

::2 

2983. 

z:::. 4428. 4447. 
8260: 83w: 836;. 6333;. 

9468. 4436. 4646. 6632. 6670. 4676. WW. 4641. 4668. 8688. 6792. 4731. 4717. 6772. 

10896: 10911: 
8947. 9764. 8795. 8910. 8964. 9096 

10404. 10269. 10656. 10701. 11033. 11176. 11220. 11361. 11422. 11602: 1%:: 

607.3 816.3 
W6.8 916.4 

1119.2 1129.3 
1349.9 1362.7 
1698.2 1613.1 

ikx: %:: 

:%: L.Z? 
11776. 12082. 

400.0 12409. 12866. 12923. 12649. 12968. 13022. 13189. 13426. 13440. 13689. 460.0 14894. 13768. 13818. 13386. 14066. 16428. 14472. 16622. 16439. 16219. 16631. 14243. 14863. 16626. 16106. 16117. 16296. 
16614. 

16689. 16766. 16864. 14288, 

600.0 17603. 18167. i8370. 
17130. 17076. 17328. 17806. 

18129. 18249. 17699. 18692. 18918. 18827. 19136. 19394. 19464. 19679. 19798. 20110. 20046. 20323. 20891. 
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F. HUBERT, R. BIMBGT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

GL6CIROIIC SIOPPIIP POUER II U9119 OF llEV/(?lG/SQ a) 
68 

FE IDES 
24 

uA 8E ac 12= 131L 14= 2o" 2zn 24a 24= 2i3'I 2sa 3ZGE ylSE 3aSR 4om 4zno 4sM 47ui 4 
..*....*.*L*+,..*L**...*.*..***..*..****..**...*....**.*.*..*..**~**...*~..*.*...*.**~.**.....***.**.**.***.*..*~.~.*..**.*...*.**~* 

::: 40.10 37.86 39.20 37.41 29.76 28.97 28.60 27.77 28.96 28.26 w).4S 28.02 22.94 22.41 21.94 21.89 21.33 21.14 20.44 20.72 19.64 19.47 18.43 18.38 17.63 17.63 17.06 17.08 14.87 18.91 14.24 14.33 14.40 14.83 IL.21 16.32 

I:! . 36.76 33.84 32.12 33.96 36.03 32.39 28.04 27.07 28.12 26.10 24.90 24.00 26.42 27.41 2a.62 26.30 24.(w 23.88 20.91 22.10 21.62 21.24 20.73 20.17 20.76 20.27 19.74 20.40 19.97 19.49 19.18 18.78 18.34 18.13 17.79 17.39 17.33 17.02 14.47 14.90 14.03 14.29 IS.49 14.14 10.76 14.20 16.97 16.87 14.73 14.66 14.84 16.23 16.03 14.78 

it: 30.66 29.I4 30.96 29.44 26.20 24.33 24.23 23.41 24.74 23.93 23.14 22.43 20.29 IS.49 19.41 19.06 19.21 18.88 18.99 18.49 17.42 17.88 14.64 14.97 14.28 16.89 16.64 16.93 16.81 IS.46 16.34 15.00 14.32 14.04 IQ.14 14.49 

z 
7:o 

27.86 24J.89 28.43 27.32 23.61 22.74 22.93 21.89 23.10 22.41 21.74 21.08 19.11 18.68 18.6S 17.98 18.16 17.44 18.00 17.62 14.98 14.62 18.12 IS.7I 16.60 16.11 16.18 14.82 16.08 14.72 14.86 14.32 13.79 13.61 13.87 13.64 
26.62 28.30 22.01 21.20 2i.7I 20.46 18.03 17.40 17.18 17.OS 14.09 16.31 14.74 14.44 14.37 13.99 13.24 13.24 

X2 23.73 22.I2 22.91 24.48 20.48 IS.61 I8.8I I*.93 20.43 19.30 18.29 IS.32 14.18 17.06 14.68 16.72 14.29 16.47 16.20 16.41 16.28 14.66 14.64 13.87 13.37 14.03 13.78 13.16 13.70 13.08 13.36 12.74 12.19' 12.70 12.47 12.12 

:x 
12:o 

20.74 19.63 21.64 20.34 18.47 17.64 17.82 16.93 18.29 17.38 17.37 IS.64 16.37 14.46 14.W Il.27 14.74 14.07 14.69 14.04 13.87 13.24 13.24 12.(M 12.23 12.78 12.67 12.04 12.61 11.90 12.21 II.71 II.70 Il.26 II.62 11.16 
18.40 19.29 i4.71 14.13 18.67 16.79 14.00 13.46 13.47 13.46 12.70 12.13 11.73 Il.66 II.61 11.26 IO.84 IO.72 

16.0 16.92 18.73 14.86 14.16 14.66 13.93 12.37 12.09 II.94 Il.94 
ZZ:: 13.04 13.80 12.22 Il.82 12.17 II.69 II/; 1"9.$ 

lg.;; s:as :;.;g 9:30 '"9.:; 6:36 i"9.g s:os I"g.$ 8134 log.;; 8:07 

I;.;: 

8:01 7.22 

I:.;; 

;:g . 

IOg.;; 

r.:x 

I;.;; 

;:g . ;:;: a:49 $7: 4143 

IOg.$ 7:75 IOg.;; 7:(K) lOgA; 7147 1Og.E 7163 
9.76 9.41 
f:Z!: 7.22 8.22 

%:8 4.90 4.24 8.:: . 4.84 4.19 4.72 4.09 i% . 4.46 6.86 

::I: 7.210 7.070 8.447 7.764 7.400 4.@87 7.341 4.769 7.693 4.984 7.369 4.774 4.049 4.687 4.449 6.943 4.420 6.921 4.469 6.969 4.119 6.447 6.877 6.426 6.249 6.704 6.239 6.470 6.241 6.471 6.681 6.142 6.494 6.084 4.970 6.349 

4o:o 28 

4.486 7.181 6.478 4.277 6.478 8.291 6.837 6.642 6.604 6.642 6.263 6.048 4.904 4.878 4.881 4.810 4.743 4.834 

4.208 6.819 8.498 6.284 4.048 6.880 6.882 6.606 4.060 6.683 6.880 6.628 4.968 6.272 4.877 6.184 4.847 6.160 4.883 6.188 4.918 4.430 4.727 4.461 4.693 4.326 4.671 4.307 4.676 4.311 4.610 4.262 4.460 4.197 4.348 4.102 

%8 6.483 6.189 6.930 6.814 6.382 6.083 4.928 6.198 6.087 6.346 4.964 6.222 4.686 4.444 4.410 4.376 4.682 4.360 4.418 4.384 4.169 4.379 4.211 4.000 4.092 3.887 4.074 3.874 3.879 4.081 4.024 3.828 3.974 3.741 3.084 3.494 

1oo:o Et: 

4.702 6.089 4.617 4.478 4.422 4.606 4.044 3.983 3.W2 3.998 3.790 3.844 3.644 3.633 3.639 3.494 3.463 3.377 

4.312 3.994 4.484 4.343 4.244 3.937 4.117 3.820 4.249 3.943 4.146 3.844 3.724 3.469 3.447 3.407 3.449 3.391 3.482 3.423 3.492 3.247 3.341 3.126 3.247 3.038 3.269 3.032 3.244 3.037 3.002 3.226 3.187 2.967 3.119 2.90s 

160.0 2.991 3.244 2.988 2.481 2.973 2.907 2.417 2.680 2.671 2.698 2.440 2.376 2.309 2.307 2.312 2.208 2.242 2.221 

E%: 
3oo:o 

2.466 2.147 2.714 2.377 2.487 2.141 2.390 2.094 2.461 2.143 2.416 2.118 2.I72 1.904 2.134 1.861 2.141 1.880 2.187 1.904 2.064 1.806 2.024 I.778 I.967 1.720 1.917 1.484 I.926 I.493 1.900 I.466 1.920 1.469 I.862 I.432 
1.930 2.146 I.962 I.892 I.934 I.916 I.724 1.669 1.701 I.723 1.434 1.409 I.667 I.627 I.634 1.609 1.630 I.480 

360.0 I.783 I.977 1.800 I.744 I.784 I.747 1.691 I.633 1.671 1.691 1.610 I.486 1.438 I.412 1.418 1.394 1.416 I.369 

400.0 1.8a7 1.849 I.486 I.433 I.472 I.666 1.490 I.437 I.472 I.492 1.416 1.392 I.347 1,324 1.330 I.309 1.327 I.284 

%:8 I.674 1.603 1.449 I.749 1.696 I.623 I.646 I.476 1.683 1.612 1.647 1.498 I.348 1.411 I.342 1.303 1.394 I.332 I.413 I.361 I.341 I.262 I.319 1.240 1.220 I.277 I.266 1.200 1.204 1.241 1.241 1.107 I.268 1.203 1.218 I.IG6 

*.*...~.,1.......1.*.**..*..*.*.**~...*..*.*~...*.***.********.**........**.******.**.*..***.~.*.*.**..*~..******.*.*.***.~**..***~~ 
HIA Sll TE BA LA Pa sn CD 80 l-n LU IA It6 IR AU PB SI l-ii u 

60 62 64 67 69 42 44 47 49 71 73 76 7-r 79 82 83 SC 92 
*+~.**..*I**....L.II.*..*.*.*..***...~~.*.*..**.....**.~.*.***~**.***.*****.~.***.~**.*...*..**.....*.*.~.*.*.*~**........*.*.~.*~** 

2.6 $2; 13.41 13.64 13.74 13.46 12.48 12.49 11.80 11.66 II.26 11.04 IO.87 IO.48 IO.34 IO.24 IO.24 9.84 9.73 

I4133 13.76 13.70 13.79 13.76 13.86 13.90 13.SI 13.78 13.07 13.07 12.49 12.70 12.03 12.08 II.87 11.80 il.61 II.69 11.30 Il.39 11.13 11.22 10.74 10.84 IO.42 10.73 IO.61 10.41 10.84 IO.64 
10.10 9.98 
10.19 10.08 

IQ.17 13.66 13.40 13.70 13.46 12.97 12.41 12.03 11.82 11.64 II.34 11.20 10.84 IO.73 10.41 10.44 10.19 10.07 
I3.94 13.36 13.39 13.49 13.40 12.GO 12.44 11.90 II.71 II.44 11.27 11.12 IO.79 10.44 IO.64 10.67 10.12 10.00 

13.48 
13.4I 

:zt 
12:60 

12.02 
11.61 
11.04 
10.40 
10.19 

9.161 

6.133 
4.762 
4.432 
4.160 
3.924 

3.718 
3.637 

3%: 
I:781 

:3 
1:114 

13.II 13.16 13.26 13.22 12.69 12.24 II.74 II.64 
12.86 12.89 12.98 12.97 12.37 12.06 11.66 II.38 
12.68 12.a2 12.71 12.71 Il.I3 II.82 II.34 II.18 
12.31 12.36 12.44 12.46 Il.69 Il.69 11.13 10.99 
12.06 12.08 I2.I7 12.I8 II.44 II.36 IO.92 10.78 

II.63 
II.06 
10.40 

'"g::x 

11.67 11.46 11.47 Il.17 
11.04 II.IS 11.19 10.72 IO.47 
10.43 10.71 IO.76 IOg.;Z$ 10.08 

1y2; 1"9.;g 10.33 9.94 9: 64 

8.797 8.826 8.893 8.943 8.699 8.411 8.140 8.088 
7.644 7.671 7.429 7.463 7.399 7.246 7.046 6.991 
4.430 4.466 0.706 4.760 8.617 4.384 4.221 4.177 
6.034 6.967 6.003 6.064 6.843 6.728 6.687 5.661 
6.387 6.408 6.460 6.601 6.311 6.208 6.086 6.064 

4.W4 6.003 6.062 4.880 4.787 4.677 4.460 
4.697 4.633 4.881 4.622 4.438 4.338 4.316 
4.288 4.322 4.3’38 4.222 4.144 4.063 4.032 
4.026 4.067 4.101 3.966 3.892 3.809 3.790 
3.797 3.827 3.871 3.743 3.476 3.688 3.680 

3.683 3.699 3.627 3.669 3.646 3.486 3.413 3.397 
3.409 3.424 3.461 3.492 3.377 3.317 3.260 3.236 
3.116 3.120 3.164 3.192 3.089 3.036 2.976 2.901 
2.878 2.890 2.9I4 2.960 2.866 2.806 2.762 2.740 
2.081 2.493 2.716 2.749 2.841 2.816 2.667 2.666 

2.060 2.069 2.076 2.106 2.039 2.006 1.971 1.9a3 
1.713 I.713 I.727 1.762 I.696 1.671 I.644 1.638 
1.609 1.493 1.606 1.628 I.494 1.470 I.444 1.446 
I.369 1.364 I.369 I.379 I.347 1.334 1.311 1.312 
1.260 1.263 1.267 I.274 1.247 1.235 1.214 1.216 

1.188 1.176 1.180 1.198 I.171 1.169 1.140 L.141 
I.127 I.116 1.120 1.137 I.111 1.100 1.082 1.083 
1.078 I.OG7 1.071 I.087 1.083 1.062 1.036 1.037 

58 AtomicOataMdNuclearOataTablas.Vd.4S,No.l.SeptembaIgSO 

11.31 11.13 IO.99 10.4S IO.66 IO.43 IO.46 
11.16 10.97 10.83 IO.63 10.41 IO.29 IO.31 
10.98 10.79 10.44 IO.37 10.26 
IO.77 10.41 10.48 10.21 10.09 

'"9:;; 10.14 
9.99 

IO.67 10.42 IO.29 10.03 9.92 9.40 9.82 

10.18 10.04 9.92 9.44 9.44 9.48 
9.81 9.47 9.64 9.33 

8% 
9.12 9.14 

9.46 9.31 9.22 9.00 8.40 8.82 
9.11 X-E 8.89 8.49 

Ei: 

8132 
8.60 8.62 

8.79 . 8.69 8.40 8.21 6.23 

7.968 7.666 7.781 7.420 7.663 7.463 7.471 
4.488 4.800 0.741 4.411 4.640 4.449 4.486 
6.089 4.016 6.946 6.864 6.814 6.733 6.748 
6.474 6.410 6.347 6.272 6.240 6.143 6.174 
4.986 4.928 4.891 4.807 4.780 4.709 4.721 

4.689 4.637 4.603 4.428 4.406 4.339 4.360 
4.280 4.211 4.181 4.112 4.093 4.031 4.042 
3.981 3,937 3.909 3.848 3.829 3.770 3.740 
3.743 3.702 3.476 3.617 3.402 3.647 3.667 
3.637 3,498 3.473 3.419 3.408 3.363 3.342 

3.364 3.319 3.297 3.244 3.234 3.184 3.192 
3.IS7 3.162 3.140 3.092 3.082 3.034 3.042 
2.927 2.6Sa 2.877 2.834 2.826 2.780 2.788 
2.709 2.480 2.442 2.023 2.416 2.674 2.682 
2.628 2.601 2.486 2.449 2.442 2.403 2.410 

I.943 I.923 1.911 I.886 1.840 1.861 1.864 
I.623 1.404 I.696 1.674 I.671 1.647 1.662 
1.429 I.408 1.406 1.390 I.380 I.368 1.342 
1.298 1.279 I.277 I.243 1.264 1.234 I.238 
1.202 I.186 1.182 I.170 1.142 1.144 1.147 

1.129 I.113 1.111 1.099 1.092 
1.071 1.068 1.064 1.044 1.037 

y3;; ;:w; 

1.026 1.011 1.009 0.999 0.993 0.977 0.980 

10.01 
9.87 

?:I 
9.40 

7.164 
4.213 
6.608 
4.962 
4.627 

9.90 
9.76 
9.62 
9.44 
9.30 

8.97 
8.44 
8.36 
8.07 
7.80 

4.172 4.133 
3.877 3.841 
3.627 3.694 
3.412 3.382 
3.227 3.198 

3.064 
2.920 

::z8” 
2.314 

1.070 
1.014 
0.972 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RlIGE II UlITS OF RG/SP QI 

E/A BE 
gc 

PI.2 AL SI CA 
4 12 13 14 20 

*******,**.**,***+t****************************** 
::: 4.440 5.379 4,470 5.201 4.312 7.246 4.290 7.245 8.170 7.148 8.401 7.335 

4.140 6.948 8.247 8.309 8.164 9.4W 
4.946 4.773 9.243 9.348 9.193 10.410 
7.795 7.418 10.317 10.444 10.247 11.7%6 

::.E% 
13:381 
15.011 
14.473 

58 
FE Ions 

2% 

SR z4l Ho BB 
38 40 42 46 4:G 

l .********+tLI”**~tt****.********** 

10.461 10.840'11.031 
12.49% i12.746 

11.371 11.470 
12.290 13.271 13.602 
13.937 14.168 :14.4%% 15.167 16.334 
16.40% 15.842 14.20% 17.049 17.184 
17.307 17.667 17.97% 18.9%1 19.042 

2: 8.489 9.428 8.602 9.427 11.408 12.639 11.699 12.776 11.379 12.629 12.96% 14.186 14.393 16.794 15.08% 14.636 17.055 16.67% 14.019 17.514 14.451 18.237 17.483 19.364 20.113 18.372 19.046 20.823 21.099 19.308 19.781 21.427 20.901 22.875 20.976 
22.929 

4.0 10.411 10.391 13.710 13.992 13.719 16.463 17.238 18.027 18.675 19.049 19.86% 21.068 21.898 22.446 22.934'23.616 24.88% 24.925 
4.6 Il.838 11.39% 14.921 16.260 14.949 16.741 18.725 19.642 20.139 20.425 21.639 22.828 23.727 24.612 24.812 25.447 16.937 24.94% 
7.0 12.709 12.441 14.173 14.660 18.218 18.109 20.26% 21.141 21.74% 22.245 23.257 24.433 26.804 24.425 28.737 27.42% 29.030 29.064 

I:: 14.98 17.43 14.46 17.02 21.69 18.80 19.28 22.17 18.88 21.70 20.93 23.91 23.45 24.83 24.43 27.91 26.10 28.82 26.41 29.1% 30.69 28.83 28.38 32.33 33.59 29.60 30.39 34.58 30.73 34.91 31.63 35.82 33.35 37.85 33.38 37.89 

:x 
12:o 

20.04 22.83 19.64 22.21 24.54 27.65 25.23 28.45 24.48 27.83 27.06 30.35 30.38 34.11 31.6% 35.39 32.33 58.22 32.48 JB.78 34.53 38.8% 40.79 38.4% n.47 42.3% 38.91 43.4% 39.29 43.8% 40.31 44.99 42.54 47.42 42.41 47.54 
25.78 26.04 30.92 31.84 31.13 33.82 38.02 39.41 40.29 40.8% 42.97 45.31 47.03 48.21 48.43 49.87 52.49 62.%% 

16.0 36.41 34.42 41.49 42.99 41.37 46.17 50.82 52.51 53.57 54.14 67.03 80.01 42.24 83.43 44.10 45.49 68.88 49.24 
20.0 55.16 52.95 42.71 64.74 63.11 47.21 75.58 T1.84 79.19 7S.72 84.08 88.27 91.42 93.1% 93.70 96.91 99.94 100.86 
26.0 78.49 74.94 87.4% 90.33 87.96 93.01 104.62 107.40 109.04 109.48 115.62 121.08 126.27 127.3% 127.95 130.82 136.4% 137.28 
30.0 106.48 100.2% 116.80 119.41 114.37 122.45 137.49 141.03 142.98 143.27 151.22 168.30 143.44 144.0% 144.48 170.2% 175.90 178.39 
35.0 136.98 128.79 147.42 152.48 148.24 155.41 174.38 178.41 180.88 180.98 191.03 199.78 204.38 209.13 209.77 214.09 220.62 224.01 

40.0 149.9 140.4 182.8 188.8 183.6 191.8 215.0 220.0 222.8 222.5 234.8 245.4 253.4 264.4 257.1 242.2 249.4 274.0 
46.0 207.1 196.1 221.3 228.5 222.0 231.6 259.3 246.1 268.1 247.7 282.5 295.0 304.6 307.9 308.5 314.4 322.4 328.3 
60.0 247.5 232.7 242.9 271.6 243.4 274.4 307.3 313.9 317.2 314.4 334.0 348.4 359.6 JB3.3 343.9 370.4 379.5 384.4 
66.0 291.1 273.0 307.7 317.7 308.4 320.5 358.7 364.2 389.8 388.7 389.1 406.9 418.6 422.6 423.2 430.8 440.4 449.1 
80.0 337.7 314.2 355.5 307.0 364.2 349.4 413.5 421.9 426.9 424.3 447.8 487.0 481.6 485.8 484.3 494.8 505.3 616.4 

65.0 387.3 382.1 404.3 419.4 404.9 421.7 471.4 481.0 486.3 483.3 610.0 631.7 648.1 552.4 663.0 582.5 573.8 
70.0 

585.4 
439.8 410.8 459.9 474.7 480.5 478.8 633.0 543.3 648.0 646.4 575.7 800.0 418.3 823.1 823.4 433.8 444.1 859.6 

80.0 553.4 615.4 575.7 694.1 578.2 595.5 686.2 877.7 683.1 479.6 714.9 748.8 789.4 774.7 774.8 787.2 801.3 818.2 
1st:: 877.9 813.0 830.1 754.4 702.3 839.5 724.7 8%%.1 702.7 839.8 725.3 886.8 809.4 986.8 824.4 982.9 830.8 989.9 825.7 983.4 1037.6 871.0 1079.9 WT.0 1112.1 934.2 1119.2 939.9 939.8 964.2 970.3 990.9 

1117.8 1134.3 1152.5 1177.0 

150.0 1436. 1508. 1470. 1722. 1449. 1714. 1909. 1940. 1951. 1936. 2040. 2121. 2183. 2191. 2188. 221%. 2247. 
200.0 2476. 

2293. 
245%. 2713. 2797. 2713. 2779. 3093. 3141. 3124. 3294. 3601. 3532. 352%. 3548. 3592. 

260.0 
3%84. 

3899. 3582. 3930. 4054. 
339%. 

3941. 4022. 4474. 455%. 
y;. 

6033. 6095. 5082. 5160. 5153. 
300.0 

5300. 
527%. 4806. 5297. 6444. 5319. 6416. 8023. 4169. 8124: 

%i:t: i%;: %t?: 
4749. (1849 4921. 8898. 710%. 

350.0 4785. 8187. 4793. 7008. 6827. 8940. i717. 7917. 7840. ??62. 8173. 8353. 8624. 8754: Lx. 8853. . 8804. 9077. 

400.0 8412. 7633. 8402. 8449. 8460. 8581. 9638. 980%. 9883. 9671. 10091. 10301. 10438. 10806. 1078%. 10927. 10851. 
450.0 

11192. 
10141. 9192. 10112. 10434. 10172. 10321. 11471. 11809. 11439. 11502. 12126. 12389. 12776. 12980. 12930. 1312%. 13020. 13433. 

600.0 11941. 10832. 11911. 12291. 11983. 12151. 13603. 13912. 13496. 13630. 14241. 14543. 15020. 16244. 15203. 15434. 16298. 1678%. 

**.*.~*.*..**.*.*~*~*..~.**..*~***..***..***~*~*.*****.*.********.**.*.**************.*.**.**~*.****.*...**..****...~**...***.*...** 
E/A SE TE BA LA PR SH CD HO Tn LU TA RE Ill AU PB BI ml 

60 62 5% 67 69 42 44 67 69 71 73 75 77 79 82 83 w $2" 
*.....*...*.*.*1*.****.*~*...**..***..*..*.*.*~*~**.*.*.*~**~.~*...*~*****.*********.*****.~*.~***..*.**~.*~.~***....~*..***.**.**.* 

2.5 12.28 12.73 13.75 14.02 14.55 16.30 15.76 14.33 18.88 17.03 17.38 17.78 18.14 18.48 18.92 19.08 20.47 20.91 
i:: 14.21 1%.'18 14.77 14.81 16.79 17.82 18.04 18.0% 14.58 18.41 17.45 19.59 17.97 20.17 21.00 18.88 19.08 19.48 21.90 19.80 20.30 22.80 20.77 21.16 21.41 21.77 23.27 23.75 

21.44 22.35 23.38 23.77 24.2% 24.41 28.03 
4.0 

24.63 
18.12 18.88 19.87 20.09 20.46 21.74 22.39 23.32 23.80 24.32 24.81 25.30 26.93 24.37 24.90 27.04 28.77 

4.6 
29.31 

20.12 20.94 21.94 22.16 22.72 23.92 24.42 25.88 28.18 24.76 27.28 27.81 28.52 28.99 29.55 29.48 31.63 32.10 

6.0 22.14 23.0% 24.06 24.24 24.82 28.12 24.88 28.03 28.59 29.21 29.78 30.34 
6.6 

31.13 31.83 32.22 32.34 34.31 
24.21 

34.91 
25.22 24.20 28.38 24.95 28.3% 29.19 30.43 31.03 31.70 32.31 32.90 33.77 

t:: 29.87 27.42 
34.30 34.92 36.04 37.13 

26.32 28.48 30.44 28.40 28.5% 30.78 
37.78 

31.3% 29.13 32.98 30.46 31.53 33.93 32.88 35.37 33.61 34.24 34.89 36.61 36.44 37.01 37.4% 37.77 39.98 40.46 
JB.03 3%.81 37.50 38.1% 39.1% 

7.0 
39.77 

31.97 
40.46 40.66 42.89 

30.48 32.93 33.0% 
43.69 

33.43 35.3% 38.37 37.91 38.41 39.44 40.17 40.86 41.93 42.67 43.28 43.38 45.84 49.57 

1o:o t.: 
35.24 38.72 37.47 37.78 38.33 40.27 41.40 43.14 43.90 44.83 45.44 44.39 47.42 48.31 49.10 49.18 61.90 
40.00 44.97 41.48 46.8% 42.42 47.78 42.47 47.79 

52.70 
43.23 48.34 45.39 50.72 Q3.44 48.58 49.40 50.44 51.33 52.14 53.61 54.27 65.13 66.19 54.19 69.05 

62.10 54.23 66.12 MJ.24 57.23 58.11 59.82 
11.0 

80.44 
60.16 52.25 63.18 

41.38 41.43 61.70 
53.13 

65.44 
53.45 56.28 57.78 80.10 41.06 42.29 (u.34 84.30 45.96 

12.0 
%6.84 47.85 47.89 

55.54 57.8% 58.75 68.48 
71.45 

69.18 42.02 63.47 44.19 47.20 
72.4% 

48.65 49.70 70.71 72.50 73.4% 74.6% 74.58 78.44 79.53 

16.0 72.9% 75.99 74.82 74.41 T7.02 80.69 82.48 85.79 86.98 88.4% 90.08 91.29 $3.53 
20.0 104.13 110.48 110.72 

$4.86 94.0% 98.03 100.84 
111.18 

102.17 
110.91 115.81 118.44 122.83 124.32 12%.%0 

25.0 
128.60 130.0% 133.09 

144.31 160.17 160.73 
134.5% 134.60 134.37 142.S% 

149.9% 149.88 154.23 159.90 146.22 147.03 
144.72 

149.93 172.38 174.31 
30.0 187.3% 

178.18 
194.89 196.28 194.17 

179.99 182.67 182.33 190.93 
193.70 

193.17 
201.48 204.28 212.80 214.92 218.62 221.66 

36.0 
223.84 228.48 

235.11 
230.79 234.12 '233.75 

244.48 244.88 243.19 242.27 
244.57 247.34 

252.01 267.42 246.40 B7.84 272.18 275.85 278.0 284.35 244.81 290.97 190.4% 303.73 307.07 

2: 
so:0 

287.4 344.2 298.8 357.7 298.8 357.5 366.1 294.9 295.4 307.1 3%%.7 313.8 322.9 325.7 330.8 336.1 338.3 346.1 347.9 363.0 352.3 348.2 372.2 
363.1 415.0 374.4 386.1 388.2 394.2 399.2 402.9 410.8 405.2 417.7 413.9 420.0 419.1 437.9 442.5 421.1 420.4 430.9 

439.9 451.9 455.4 492.2 468.1 4%1.2 
65.0 

472.2 
470.5 

484.7 491.9 490.8 612.4 517.9 
488.8 488.0 484.6 481.2 499.3 509.7 523.2 627.1 534.8 541.4 544.2 564.4 

80.0 
60.1 

539.8 5%0.8 559.7 555.7 
5%8.5 MT7.2 592.3 598.3 

661.4 672.1 583.7 598.9 603.2 411.8 419.3 424.4 434.0 440.1 849.7 048.2 474.7 883.5 

46.0 413.2 434.9 435.5 430.9 426.9 448.9 %%Z.O 478.8 883.6 
70.0 

493.1 701.6 707.3 720.1 
490.4 717.0 715.3 

724.5 
710.1 704.1 729.9 

735.4 733.7 766.8 773.4 
744.4 742.9 748.0 778.4 788.0 794.4 808.6 

ti?: 1034.7 854.2 1074.3 889.1 1073.0 884.4 
813.2 859.4 847.9 

1066.0 880.0 1064 872.1 8 903.5 921 1 
1113'3 

$43 3 
1139'2 

5X9 2 
825.5 823.4 

1148'0 
9Bl 9 

1141'0 
973 3 

1174'6 
991 0 

1143'6 
9S7 9 

1203'6 
1003 3 
1209'5 

101% 6 101% 1 
1228'1 
1453:4 1225'1 144918 

lodO 0 
127717 

1070 2 
1092 2 

100.0 1231.2 1278.1 1273.B 1264.2 1261:% 1295:O 132O:Z 136O:l 1357:8 1376:Z 139l:O 1401:4 142417 143113 1511.7 1289'8 1525:8 

150.0 2397. 2488. 2478. 2459. 2430. 2613. 2668. 2411. 2623. 
200.0 3850. 3993. 

2464. 
3978. 3898. 4098. 250.0 4241. 5538. 5741. 573%. 3939;. 

7454: 
5416. 4030;. 

*841 j49: 
4l7;: 4lN. 

. 300.0 7424. 7494. 7711. 76B2, 

360.0 $482. 

4088. 

9825. 9844. 9W2. 944%. 9947. 10082. 10%:: l%t: 10396: 1%:: l:i? 1%: 1%:: 1::;3:: 1::;:: 1::::: 1::;:: 

400.0 11480. 12110. 12174. 12104. 11933. 460.0 12247. 14029. 14632. 12425. 12648. 12441. 14420. 14642. 12802. 12971. 13018. 13174. 13251. 
14335. 14724. 600.0 14907. 16182. 

13460. 13418. 13435. 14003. 
14486. 17074. 17187. 16182. 17101. 15350. 15792. 1485%. 17302. 15555. 15607. 15885. 

17511. 17818. 1742%. 
14134. 14085. 

18024. 182%%. 18323. 1853%. 
16322. 16~3. 

18%48. 18941. 18881. 19142, 19677. 
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F. HUBERT, R. BIMBGT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

~ECTROIIC STOPPIIQ POUER I8 UIITS OF ISV/OIG/SQ Ql) 
63 

co IOFS 
27 

WA m 
6" 12 

m AL SI CA TI a w II al GE SE SR zrt HO its 
4 13 14 w 22 24 16 28 29 32 34 38 40 42 46 4tc 

*.*....*.**.*~..***.***.**..******..**..~*..*.*....*....*...**...*.~*.~*..*..*.********...*..**.*****.***~**..*....****...*.****.*., 
3:: 11.41 10.10 41.28 39.48 31.30 30.61 2S.W 29.24 Jo.43 29.76 27.38 27.81 14.08 23.78 22.81 23.03 22.30 22.22 21.S6 21.77 20.61 10.46 18.31 18.32 18.38 18.41 11.87 17.93 17.08 17.78 17.06 17.16 16.67 16.30 18.04 16.93 

37.92 37.06 29.67 26.37 26.90 26.71 23.28 22.38 21.84 21.47 10.18 19.08 18.23 17.78 17.82 17.04 
?l6.M 

16.131 IO.01 
513.93 28.69 27.46 27.99 26.88 22.09 21.86 21.36 21.04 19.79 18.74 17.93 17.61 17.36 113.81 16.61 16.62 

34.13 34.32 27.81 2S.63 27.08 26.22 22.07 21.28 W.83 W.68 19.36 18.34 17.68 17.18 17.04 16.62 16.33 16.67 

::: 31.01 32.60 32.83 X.48 28.87 26.77 26.64 24.78 26.33 28w.18 24.44 23.72 21.44 20.82 20.14 10.71 W.29 19.76 W.06 19.64 18.88 18.41 17.92 17.48 17.19 16.79 18.81 18.43 14.49 18.32 14.19 16.66 16.10 14.86 16.28 14.96 
2S.87 30.20 24.92 23.98 24.62 23.02 10.23 18.68 18.21 19.04 17.94 
20.44 99.04 24.11 23.21 23.78 22.34 19.86 19.06 18.70 18.66 17.49 

17.0& 14.39 18.06 16.96 16.60 14.67 14.134 
18.63 16.99 16.6.S 16.68 16.16 14.29 14.34 

27.31 37.97 23.38 23.49 23.03 21.69 19.11 18.63 18.20 18.08 17.04 18.22 16.91 16.31 16.22 14.81 14.01 14.03 

1o:o :*oo 

26.32 20.08 2l.98 21.18 21.70 10.60 18.09 17.67 17.28 17.18 16.21 16.44 14.88 14.81 14.63 14.16 13.44 13.43 

23.82 11.16 34.41 22.97 20.76 lS.tKt 10.01 18.90 10.62 19.44 19.43 18.47 17.17 14.34 18.70 16.SO 18.43 16.87 14.38 16.42 16.44 14.76 14.72 14.07 14.20 13.68 13.34 13.36 13.89 13.29 13.64 12.97 12.93 12.43 12.86 12.34 

2:: W.U8 19.76 21.71 10.69 18.49 17.81 17.19 16.03 17.44 18.61 17.41 14.82 14.91 16.69 16.19 14.63 14.87 14.34 14.94 14.31 14.11 13.62 13.47 12.92 12.48 13.00 12.80 12.28 12.76 12.26 11.87 12.46 11.38 11.63 11.86 11.40 

16.0 17.06 17.89 16.44 16.11 16.64 14.80 13.20 12.49 12.73 12.74 12.04 11.14 11.00 10.94 10.73 10.40 10.24 

El 13.98 11.93 14.7s 12.48 13.08 12.44 13.02 9.18 8.96 
28 %: . liaib 9.93 I;.;$ 8197 1"g.g ties I:.;: s:ss 

12.61 10.86 X% 9.34 8.21 8.79 7.72 
x4 . 7:39 8.88 4:44 2:: . 3% 4142 4.28 6.91 

E:: 8.461 7.763 9.073 8.332 7.608 8.142 7.9OS 7.274 8.166 7.604 7.902 7.280 4.620 7.072 4.4O6 4.946 8.892 4.340 8.933 6.401 4.649 8.OO4 4.308 6.827 8.126 6.469 4.088 6.427 4.086 6.429 6.990 6.643 6.442 6.894 6.763 6.337 

8o:o it: 

7.170 7.718 6.964 4.748 4.983 6.742 8.069 6.964 6.916 6.964 6.@46 6.424 6.249 6.242 6.246 6.188 6.094 4.979 

0.680 4.262 7.202 4.7OO 4.604 4.111 6.304 6.923 4.608 4.113 4.322 6.946 6.66S 6.332 6.673 6.246 6.S37 6.212 6.677 6.261 4.979 6.287 4.787 6.082 4.861 4.937 4.431 4.914 4.918 4.438 4.848 4.672 4.783 4.613 4.474 4.410 

Sk8 6.901 6.687 6.046 4.378 6.748 6.470 6.693 6.304 6.476 6.773 6.418 6.331 4.784 6.011 4.869 4.708 4.929 4.681 4.908 4.719 4.710 4.476 4.630 4.304 4.182 4.402 4.386 4.168 4.390 4.173 4.330 4.118 4.274 4.088 4.180 3.977 

100:0 %8 
6.OO3 6.488 4.971 4.821 4.977 4.660 4.364 4.288 4.286 4.301 4.079 3.926 3.814 3.803 3.809 3.701 3.716 3.636 
4.&2 4.646 4.474 6.O42 4.670 4.241 4.433 4.114 4.670 4.247 4.443 4.146 4.010 3.724 3.949 3.470 3.929 3.1362 3.904 3.486 3.740 3.497 3.819 3.346 3.617 3.272 3.608 3.246 3.614 3.271 3.472 3.233 3.431 3.194 3.129 3,368 

160.0 3.224 3.619 3.199 3.106 3.204 3.133 2.821 2.781 2.771 2.800 2.468 2.640 2.488 2.488 2.492 2.444 2.437 2.394 

ET:: 2.648 2.316 2.928 2.642 2.469 2.330 2.268 2.677 2.443 2.311 2.604 2.284 2.342 2.066 2.3OO 1.938 2.3O8 2.027 2.334 2.062 2.216 1.944 2.182 1.917 2.110 1.864 2.047 1.818 2.076 1.826 2.048 1.796 2.070 1.821 1.997 1.769 

E:8 2.O87 1.922 2.313 2.131 2.106 1.341 2.040 1.881 2.088 1.924 2.086 1.906 1.868 1.716 1.789 1.863 1.834 1.494 1.868 1.714 1.782 1.428 1.736 1.002 1.478 1.660 1.847 1.622 1.864 1.629 1.827 1.606 1.660 1.624 1.696 1.476 

400.0 1.797 1.993 1.817 1.740 1.803 1.784 1.607 1.660 1.687 1.808 1.624 1.601 1.463 1.427 1.434 1.412 1.431 1.366 
460.0 1.700 1.884 1.720 1.444 1.707 1.489 1.622 1.489 1.604 1.624 1.444 1.422 1.377 1.363 1.360 1.339 1.364 1.313 
600.0 1.421 1.799 l.M2 1.690 1.630 1.413 1.463 1.406 1.437 1.464 1.383 1.368 1.310 1.294 1.300 1.280 1.297 1.266 

..*,L.*+..*.***.*.*...**.**.*.****~.**~..**...".......**.*********...*.*.*..~.*..***..*.***.****..*******...**.*.*~.*.*.******...*.. 
E/A 

60? 62 
T6 81 LA Pn sn Go RO In Lu Tl SE In AU Ps 81 Ts u 

66 67 69 42 44 47 49 71 73 76 n 79 82 83 so 32 
.**~**~*,*ir*++*+~****************~**~***~~~~***~~~~~~~~~~*~*****~*****~**~***~*~~~~~~~~~~**~~**~*****************~**~~*******~~~*** 

3:: 14.93 16.10 14.26 14.43 14.30 14.47 14.41 14.68 14.29 14.49 13.49 13.71 13.08 13.31 12.38 12.82 12.10 12.36 11.78 12.07 11.64 11.84 11.37 11.68 10.97 11.28 10.63 11.14 10.71 11.02 11.06 10.74 10.30 10.69 10.47 10.16 

16.06 14.40 14.46 14.64 14.48 13.73 13.36 12.49 12.47 12.17 11.94 11.79 il.41 11.27 11.16 11.17 10.70 10.68 
14.91 14.27 14.31 14.42 14.34 13.84 13.27 12.46 12.44 12.14 11.96 11.78 11.42 11.28 11.14 11.19 10.69 
14.49 14.06 14.11 14.21 14.17 13.48 13.12 12.63 12.34 12.07 11.87 11.71 11.38 11.22 11.10 il.12 ;;.;; . 10.63 

2 14.44 14.14 13.64 13.82 13.87 13.40 13.87 13.70 13.94 13.49 13.06 13.28 12.93 12.71 12.37 12.19 12.19 12.01 11.93 11.74 11.68 11.74 11.68 11.43 11.11 11.26 11.12 10.98 10.99 10.88 11.02 10.88 10.66 10.42 10.43 10.30 
13.87 13.29 13.33 13.43 13.43 12.81 12.49 11.38 il.82 11.68 11.40 11.24 10.98 10.83 10.70 10.73 10.27 10.16 
13.68 13.02 13.04 13.16 13.14 12.67 12.26 11.77 11.61 11.38 11.21 11.08 10.79 10.68 10.64 10.64 
13.29 12.76 12.79 12.88 12.89 12.32 12.01 11.66 11.41 11.19 11.02 10.89 10.41 10.49 10.34 10.39 

1%;: 1"9.'X& 

Xi 12.74 12.21 il.72 12.22 12.24 11.76 12.36 11.84 12.37 11.87 11.83 11.37 11.66 11.10 11.13 10.71 10.99 10.69 10.79 10.43 10.61 

12:o :z 

11.72 11.26 11.28 11.37 11.41 10.94 10.48 

1Og.;; 660 

10.21 :$;'I . $2; 
9.61 9.28 9.60 9.16 
8.96 8.86 

11.24 10.84 10.82 10.42 10.86 10.46 10.93 10.63 10.98 10.67 10.63 10.16 lOg.ZI; . x-i: . X:E 9: 9.22 64 
6.48 8.67 
8.37 8.29 

16.0 9.763 9.376 9.408 9.477 9.630 9.142 8.962 8.4W 8.417 8.478 8.367 8.289 8.117 8.044 7.938 7.968 7.819 7.640 

::: 8.378 7.371 4.069 7.094 ,7.120 8.007 .X148 7.176 8.204 7.232 6.972 7.902 7.737 4.831 7.624 4.864 7.444 4.08 4.613 7.363 7.242 4.434 7.198 8.381 7.069 4.244 4.221 7.006 6.908 6.132 4.926 4.147 4.833 6.890 6.666 6.832 
iii:8 0.404 6.SS8 4.367 6.774 4.361 6.799 4.431 6.444 4.488 6.899 4.269 6.494 4.134 6.664 6.944 6.462 6.S46 6.419 6.843 6.340 6.794 6.284 6.748 6.243 6.444 6.163 6.412 6.126 6.049 6.630 6.644 6.041 4.663 6.314 4.807 6.262 

X 6.608 6.103 6.306 4.914 4.936 6.324 6.348 4.974 6.421 6.024 4.869 6.230 6.134 4.746 4.468 6.018 4.989 4.432 4.673 4.924 4.868 4.621 4.831 4.488 4.760 4.416 4.394 4.724 4.466 4.328 4.447 4.339 4.162 4.476 4.434 4.123 
f-8 

so:0 

4.762 4.471 4.3OS 4.688 4.324 4.9O7 4.443 4.360 4.893 4.408 4.636 4.241 4,461 4.183 4.364 4.094 4.331 4.073 4.277 4.023 3.978 4.229 3.960 4.198 4.131 3.887 4.113 3.871 4.060 3.812 4.061 3.822 3.896 3.887 ;.iE 

4.219 4.od6 4.003 4.116 4.141 4.024 3.861 3.8SS 3.S49 3.802 3.740 3.734 3.474 3.842 3.606 3.816 3.489 31437 

%:8 3.999 3.SO6 3.864 3.667 3.870 3.483 3.901 3.712 3.S46 3.764 3.814 3.433 3.748 3.608 3.470 3.496 3.463 3.480 3.60S 3.438 3.401 3.670 3.646 3.378 3.490 3.327 3.478 3.316 3.424 3.243 3.433 3.272 3.141 3.294 3.266 

1oo:o 8.: 

3.479 3.363 3.388 3.396 3.434 3.324 3.264 3.202 3.187 3.160 3.114 3.096 3.060 3.040 2.992 3.000 2.880 ;.;:; 

3.214 2.996 3.098 2.887 3.112 2.900 3.137 2.924 3.174 2.061 3.074 2.844 3.020 2.817 2.982 2.7S4 2.949 2.762 2.914 2.722 2.886 2.493 2.M 2.876 2.824 2.437 2.814 2.429 2.771 2.688 
2.779 2.668 2:646 
2.696 2.492 2.471 

160.0 2.292 2.209 2.219 2.237 2.2OS 2.187 2.141 2.124 2.114 2.094 2.072 2.000 2.032 2.024 1.996 2.001 1.921 1.906 

%?I 1.912 1.006 1.848 1.427 1.847 1.403 1.842 1.422 1.849 1.047 1.830 1.4Ol 1.601 1.686 1.667 I.?72 1.784 1.668 I.749 1.640 1.731 1.618 1.721 1.616 1.498 1.498 1.493 1.487 1.648 1.444 1.473 1.449 1.661 1.469 I.698 1.412 

Z%:: 1.624 1.413 1.474 1.346 1.480 1.361 1.364 1.446 1.487 1.374 1.463 1.346 1.438 1.332 1.414 1.309 1.436 1.310 1.399 1.?34 1.379 1.277 1.374 1.276 1.342 1.242 1.362 1.263 1.331 1.233 1.336 1.237 1.324 1.228 ;.$; . 

1.324 1.281 1.298 1.272 1.292 1.243 1.260 1.229 1.231 1.217 1.200 1.196 1.186 1.111 1.169 
1.268 1.216 I.203 1.207 1.224 I.198 1.166 1.147 1.108 1.166 1.139 1.137 1.124 1.118 1.101 

;.;E ;.g; ;.;g 

l.W3 1.142 1.161 1.166 1.173 1.144 1.136 1.114 1.118 1.104 1.090 1.086 1.078 1.070 1.064 I:067 1:046 I:018 
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F. HUBERT, R. BIMBOT, and H. GAUVM Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAICE II UIIIS OF HG/SQ Cw 
69 

co IOMS 
27 

WA BE 6C I42 AL SI CA n CR FE 11 al GE SE SR zri Ho RE 
4 12 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4;G 

**...***...........***.~~.****..**.***.**.*..*.~*.....*.*.******.****.*...*.**....~*...**.**~*****~.....*..**..*.*.*~**......*...... 

2: 4.740 6.466 4.640 6.271 6.420 7,374 6.400 7.396 6.280 7.280 7.483 8.636 8.090 9.322 9.811 8.636 10.191 8.8?0 10.601 9.210 10.848 9.410 10.030 11.666 10.360 II.962 10.838 12.482 11.030 12.893 12.949 11.226 11.676 13.484 11.880 13.721 

::: 6.212 7.011 0.030 6.838 8.366 9.371 8.420 9.477 8.266 9.303 10.746 9.626 10.676 11.868 11.127 12.460 11.630 12.896 13.312 11.924 12.300 13.776 13.091 14.861 13.671 16.202 14.133 16.804 14.369 16.046 16.375 l7.270 16,668 17.411 
4.6 7.864 7.479 10.421 10.670 10.374 11.897 13.174 13.828 14.293 14.730 16.282 14.242 14.843 17.606 17.740 

1 1 i .674 .416 
1 .188 19.182 19.289 

2: 8.740 9.689 8.668 9.474 11.608 12.434 11.702 12.8?2 11.482 12.428 13.086 14.310 16.929 14.633 16.232 14.477 16.728 17.202 17.673 16.183 14.825 18.407 17.849 19.638 20.297 18.660 21.016 19.240 19.609 21.297 19.989 Zi.831 21.121 23.090 21.201 23.161 
6.0 10.642 10.433 13.798 14.082 13.811 16.672 17.304 18.142 18.717 19.202 10.030 21.244 22.076 22.831 23.126 26.094 26.141 
4.6 11.468 11.429 16.002 16.333 16.034 18.873 18.844 19.6SO 20.273 20.772 21.896 22.9H 23.897 24.491 24.997 1 .839 27.139 27.l74 
7.0 12.717 12.464 14.246 14.624 14.296 18.214 20.348 21.21Y3 21.872 22.383 23.406 24.793 26.786 28.696 29.913 

2 ,5 .713 

.609 29.224 29.266 

i:: 14.94 17.38 14.66 14.99 18.86 11.91 19.33 22.20 21.73 18.94 21.01 23.S7 29.89 23.64 24.63 27.98 26.20 28.70 25.73 29.26 26.96 30.48 28.62 32.44 29.44 33.70 30.64 34.87 30.88 36.04 E:::: 3% ZE 
10.0 19.94 19.48 24.64 26.23 24.49 17.08 30.41 31.60 32.38 31.94 34.60 36.64 37.96 39.00 39.38 40.40 42.46 42173 
11.0 22.70 21.13 27.42 28.42 17.80 30.34 34.11 36.40 36.23 Z8.81 38.49 40.83 42.39 43.61 43.91 46.06 47.49 47.41 
12.0 26.41 24.92 30.86 31.77 31.04 33.79 37.98 39.37 40.26 40.84 42.94 46.30 47.02 48.21 48.64 49.88 62.61 62.88 

16.0 35.19 34.17 41.48 42.78 41.77 46.00 60.62 62.32 63.39 63.97 66.86 59.84 42.06 63.46 63.94 

3O:O SE 

64.60 62.41 421.20 84.22 62.61 0.74 76.06 77.3l 78.66 7S.21 83.64 87.72 SO.88 92.41 93.14 isi 1%;~ 

103.90 77.42 74.03 98.91 114.41 136.66 ll8.l8 89.40 114.99 87.06 121.08 92.14 136.97 103.66 139.48 104.41 141.44 108.04 108.62 141.74 114.61 149.42 120.04 164.86 124.20 181.94 126.30 184.37 126.89 166.01 19.76 1 y: 8.66 134.68 174.17 136.19 176.84 
36.0 133.81 124.91 146.66 160.46 144.29 163.48 172.19 178.40 178.47 178.80 188.74 197.41 x)3.94 206.70 207.36 211.84 218.03 221.48 

40.0 167.1 167.9 180.2 168.1 180.9 189.3 212.1 217.0 219.6 219.6 231.7 242.2 260.1 263.1 263.8 268.9 244.0 270.6 
46.0 203.6 191.9 217.9 226.1 218.4 228.1 266.6 241.3 264.2 263.9 278.6 '290.9 300.2 303.4 304.3 $10.1 318.1 323.8 
60.0 243.1 228.7 268.7 287.2 269.6 270.2 302.4 3C9.1 312.4 311.7 329.0 343.4 364.3 368.0 368.4 386.3 374.0 381.1 

8:: 286.8 331.4 268.3 310.4 Jo2.8 349.4 312.6 380.8 303.3 360.1 316.3 383.6 362.9 404.6 380.4 416.0 364.0 418.9 362.9 417.4 383.0 440.6 399.6 469.6 412.2 473.8 414.1 478.0 416.7 478.6 424.2 480.9 433.0 497.3 442.3 607.3 

46.0 380.0 366.6 399.1 412.0 399.8 414.6 493.6 472.8 477.1 476.2 601.6 622.9 639.0 643.6 644.0 663.3 664.6 674.0 
70.0 431.4 403.1 461.7 466.2 462.3 408.6 623.4 633.9 636.6 636.2 696.8 689.7 807.8 612.6 412.9 $23.1 636.3 648.4 
22 864.4 642.6 618.0 606.7 088.9 606.0 710.8 683.1 899.3 666.6 711.4 684.7 794.4 663.1 086.4 808.9 670.8 816.1 807.3 810.4 704.1 864.9 733.6 890.2 766.7 917.0 760.9 922.6 781.1 922.6 p3.3 938.7 787.2 962.6 972.8 803.8 

100.0 794.4 739.6 823.0 849.8 823.1 848.9 WT.2 984.1 971.0 964.8 1017.7 1069.4 1091.0 1097.1 1096.7 1113.0 1130.9 1166.0 

160.0 1600. 1477. 1636. 1684. 1634. 1679. 1849. 1900. 1911. 1896. 1998. 2076. 2138. 2146. 2143. 2171. 2202. 2147. 

%i 
3oo:o 

3813. 2617. 3486. 2403. 2864. 
x- 

3s86. 2737. 2666. 
%2. 

2720. 3s34. ii::. 
6890: 

3074. 4464. 3084. 4466. 3068. 4410. 3224. 4660. 3323. 4774. 3427. 4924. 3467. 4986. 3461. 4972. 3492. 6039. E? 3606. 
6168. 4700. 

ee.41: 
6343. 

8674: 
6298. 8023. 6989. 6924. 4247. 6393. 6600. 6694. g(174. a)768. 8747: :;% 

360.0 6833. 8031. 8661. 6788. 7646. 7741. 7466. 7679. 7993. 8167. 8432. 8660. 8631. B(167. .3609. 9.974: 

400.0 8223. 7464. 6213. 8474. 6290. 8389. 9324. 9688. S466. 9367. 9886. 10071. 10400. 10664. 10626. 10683. 10609. 10942. 
460.0 9912. 8987. 9884. 10199. 9942. 10088. 11212. 11643. 11370. 11243. 11862. 12092. 12468. 12680. 12640. 12831. 12726. 13131. 
600.0 11691. 10690. 11641. 12013. 11712. 11877. 13198. 13698. 13386. 13226. 13940. 14216. 14681. 14920. 14860. 16086. 14963. 16430. 

.*...**.**.*..*1...*....****~**~*.*~***.*.~.**....*..*.*****..*.*.***~.*****..***.****..**.*~**~***.*****..*.**.**~...*.~**...~**... 
WA 

so? 62 
TE aA u PR SH CD no RI LU TA RE IR AU m BI Tn 

66 67 69 62 64 67 49 71 73 76 77 79 a2 83 90 92" 
*...*.....*...*......~..*~*..*.*....*...**,.*.***.*..***.*....**..**..~.**.~*.***.**.....*.....*..~....**.*.***..**...*.~**..**..... 

2.6 12.48 12.96 14.00 14.27 14.81 16.67 14.03 16.42 14.97 17.32 17.68 18.07 18.46 18.80 19.26 19.41 20.82 21.27 
3.0 14.44 16.01 14.06 14.30 16.86 17.74 18.26 18.98 19.38 19.79 20.20 20.42 21.10 21.48 21.96 22.12 23.64 24.12 

2: 
4:6 

18.34 16.40 17.06 19.11 20.14 18.09 18.33 20.36 18.89 20.93 22.04 19.89 20.47 22.49 21.31 23.63 21.76 24.12 22.22 24.64 26.14 22.87 23.13 26.43 23.49 24.28 24.11 26.73 24.42 27.24 24.77 27.40 28.41 29.16 26.92 2S.7l 
20.34 21.19 22.21 22.42 23.00 24.21 24.93 26.98 26.60 27.08 27.61 28.14 28.84 29.36 29.91 32.06 31.92 32.60 

6.0 22.38 23.31 24.32 24.61 26.10 26.42 27.19 28.34 28.91 29.64 30.11 30.68 31.47 31.99 32.68 92.71 34.70 36.31 
6.6 24.44 26.44 26.47 28.46 27.23 28.44 29.49 30.76 31.36 32.03 32.64 33.24 34.11 34.86 36.28 36.40 37.62 38.14 
4.0 24.66 27.66 28.46 28.82 29.41 30.94 31.83 33.19 33.62 34.66 36.21 36.64 38.78 37.36 38.02 40.37 41.04 
P:Z 30.89 28.70 32.19 29.90 30.89 33.18 33.31 31.04 31.43 33.89 33.24 36.44 39.66 34.22 38.20 36.47 36.34 38.90 37.12 39.74 37.82 40.47 38.48 41.l7 39.60 42.26 40.11 42.90 40.80 43.62 

$1 14 
43.72 91 46.21 43.27 46.96 43.97 

8.0 36.43 36.92 37.09 37.99 38.67 40.62 41.66 43.40 44.17 46.11 46.93 48.68 47.91 48.82 49.41 49.60 62.26 63.06 
IE 

11:o 

40.18 46.09 41.86 48.99 42.81 47.93 42.87 47.96 43.44 48.61 46.41 60.80 48.87 62.29 48.01 64.42 49.64 66.31 60.68 64.44 61.68 67.44 68.32 62.40 63.77 69.84 80.87 64.64 61.62 66.41 61.67 66.48 84.97 68.49 66.91 69.37 

60.23 62.34 63.24 63.24 63.78 60.46 67.92 80.26 41.20 42.46 63.62 84.44 66.12 67.02 98.04 69.09 71.67 72.48 
12.0 66.67 67.90 68.80 68.74 69.26 62.11 63.74 66.18 67.30 68.46 69.81 70.82 72.62 73.68 74.69 74.72 78.69 79.69 

16.0 72.81 76.83 76.68 76.49 76.92 80.49 82.66 86.48 88.80 88.66 89.98 91.19 93.43 S4.69 96.98 96.99 100.78 102.11 
20.0 106.66 109.88 110.62 110.17 110.38 116.24 118.09 122.16 123.74 124.03 117.93 129.49 132.61 133.99 136.92 136.80 142.38 144.14 
26.0 143.18 148.89 149.69 148.84 148.78 166.10 168.76 144.06 166.86 148.76 171.18 173.11 174.96 178.77 181.34 181.11 169.68 191.91 
30.0 186.64 193.00 193.43 192.36 191.91 199.83 204.40 210.87 213.00 214.68 219.68 221.90 226.46 228.77 232.08 131.73 242.49 246.26 
36.0 232.47 141.76 241.99 240.64 239.46 249.31 264.87 262.69 266.04 269.32 272.97 276.70 281.41 283.88 287.99 287.49 300.84 303.98 

%:8 283.9 339.6 236.1 366.0 B6.1 362.7 293.3 360.4 291.9 348.4 303.4 382.0 310.0 369.7 319.1 380.1 321.8 383.2 326.9 389.1 331.2 394.1 397.8 334.4 406.4 341.1 408.6 343.9 348.9 414.7 346.2 413.9 364.0 432.4 437.0 387.9 

60:o 28 
399.4 416.1 414.4 411.8 409.2 424.9 433.8 446.7 449.2 466.8 461.6 466.8 474.7 478.1 486.2 484.2 606.7 611.0 
483.4 631.4 481.6 662.0 480.8 661.0 477.4 647.1 474.1 643.1 492.0 683.3 602.2 674.8 616.4 689.8 619.4 694.0 602.6 627.0 609.9 533.8 616.1 638.3 624.4 648.3 630.6 662.1 639.9 600.3 836.6 669.1 866.6 683.8 673.3 689.E 

EC: 903.2 878.9 626.6 706.1 426.2 703.4 820.8 6SE.3 616.9 692.6 838.6 717.9 661.6 732.2 760.6 688.1 766.6 472.7 882.2 706.9 890.6 776.2 698.2 781.6 708.8 7S6.4 713.2 800.1 723.9 812.2 722.3 10.4 763.9 846.7 741.4 864.0 

1OO:O tfi': 

841.2 873 4 

1066’8 1264:Z 

871 2 

1063’4 1260:2 

864 7 

1046’7 1240:7 

857 0 

1036’8 l228:3 

887 9 

1072’4 l171:4 

966 3 

1093’3 1296:7 

927 1 

1118’8 1326:2 

932 9 

1126’6 1332:8 

946 4 

1140’3 1349:4 

966 6 

1163:6 1346.6 

984 1 

1142’6 137617 

980.9 984 2 

1188’1 1406:l 

1001 3 

1208.2 1017.9 1182 1398:s 1 1204’4 1426:9 

$9 8 9 

1203’4 141313 

1042 1 

1266’1 148411 

1062 1 

1267’0 1499:O 

160.0 2348. 2437. 2428. 2409. 2341. 1462. 2606. 2601. 2630. 2048. 2499. 2699. 2741. 2734. 2849. 2074. 

Et?: ::z 2% EG* 3;: 3816. Ef- * 4011. 

y: y&. 

6873. 6891: y$ . 4197. 8024. 4226. 8G80. t::3* . %: 4348. 4246. r 2% 4601. :CZ: 

SE:: 22; : . 7626 Sw7. : 7642 9846. : '?E* . Et S462: %: Es:. 9869: lo’%: lik% 10146: 7971’ 102S6. 8070. 10338: 8107 Ii%&? 1%:: Iti%: 18% 10849: E? I$:: 

400.0 11429. 11840. 11902. 11434. 11647. 11893. 12148. 12394. 12379. 12617. 12682. 12228. 12683. 12966. 13161. 13119. 13332. 13691. 
450.0 13714. 14200. 14292. 14218. 14014. 14394. 14673. 14831. 14864. 16007. 16207. 16268. 16439. 16630. 16776. 16726. 16966. 14396. 
600.0 16114. 14690. 14401. 14716. 16474. 16913. 17117, 17417. 17426. 17619. 17866. 17912. 18119. 18229. 18614. 18467. 18712. 19236, 
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WA BB 
6" 12 

ffi AL SI CA n a FE II (21 GE SE SR m no RE 
4 13 14 20 22 24 20 2.3 29 32 34 38 40 42 46 4:G 

. ..**.....*....*..*+.*****..*.**~**.***.*.*...*......*~..*.**...******.**.**.****.*.*..*..~.**.~.****.**~****.*.**.*..~.*..~...*.*.* 
2.6 44.79 a.34 32.86 31.43 31.92 2S.16 26.23 24.12 23.44 22.89 21.40 20.23 19.23 18.70 18.60 17.83 16.00 18.87 

42.38 4lt.63 32.07 30.73 31.26 28.72 24.96 23.93 23.31 22.84 21.46 20.24 19.30 18.79 18.61 17.97 19.31 18.84 
40.13 39.70 31.12 29.86 x).40 28.08 24.49 23.61 22.94 22.66 21.19 20.03 IS.14 1a.w 18.49 17.88 19.37 16.80 
38.07 37.93 30.12 28.91 29.48 27.34 23.67 22.99 22.47 22.13 10.81 19.70 18.86 18.40 18.24 17.99 16.29 16.62 
38.19 36.17 29.12 27.98 25~8.66 26.67 23.24 12.42 21.93 21.94 20.37 19.30 18.49 18.07 17.93 17.37 16.12 16.38 

i:% 
4:6 

2 

z-z 
7:o 

x:: 

:x 
1z:o 

16.0 

:::: 

g:: 

g:: 
60.0 
66.0 
0.0 

k8 

Et: 
1oo:o 

160.0 

:EE 

%:I8 

400.0 
460.0 
600.0 

34.48 34.73 28.16 27.00 27.64 26.79 22.60 21.83 21.38 21.13 19.90 18.87 18.10 17.70 17.67 17.06 16.90 16.09 
31.93 33.31 27.22 20.18 29.76 26.04 21.97 21.26 20.83 20.61 19.42 18.43 17.70 17.32 l7.20 16.70 16.64 16.78 
31.61 32.00 29.34 26.36 26.92 24.31 21.36 20.68 20.28 20.10 18.94 17.99 17.29 16.93 16.82 16.34 16.37 16.46 
30.21 30.79 26.61 24.66 26.12 23.61 20.77 20.12 19.76 19.69 18.47 17.66 16.88 16.66 19.44 16.99 16.08 16.14 
29.04 29.67 24.73 23.81 24.37 22.94 20:20 19.69 19.24 19.10 18.01 17.14 16.49 16.17 16.07 16.64 14.80 14.62 

26.96 27.67 23.29 22.44 22.99 21.71 19.16 18.69 18.29 18.18 17.15 18.33 16.73 16.46 16.36 14.96 14.23 14.20 
26.19 26.94 22.01 21.22 21.76 20.60 18.20 17.09 17.41 17.33 16.36 16.69 16.03 14.77 14.70 14.33 13.68 13.61 
23.91 24.43 20.87 20.13 20.66 19.60 17.33 16.87 16.81 16.66 16.63 l4.91 14.39 14.16 14.09 13.74 13.17 13.07 
22.26 23.10 19.86 19.16 19.66 18.69 16.66 16.12 16.89 16.86 14.97 14.28 13.79 13.68 13.52 13.20 12.68 12.66 
21.07 21.93 18.93 la.27 la.77 17.07 16.84 16.44 16.22 16.20 14.39 13.71 13.25 13.06 13.00 12.70 12.23 12.10 

18.21 19.07 16.66 16.09 16.64 IS.81 14.06 13.72 13.66 13.66 12.81 12.26 11.86 11.69 
14.96 16.79 13.96 13.49 13.88 13.34 11.88 11.62 11.49 
12.77 13.66 12.07 11.6T 12.02 11.68 
11.20 11.93 
10.01 10.69 

y:, 
. 

1"g.;; 1"g.g I",.:; 
1"p.f; 

9:29 

'"9.;: 

a:13 

lOgI;; 

8.07 

9.071 9,718 8.742 8.467 8.733 8.461 7.572 7.436 7.378 7.422 7.032 6.763 6.666 6.613 6.614 6.411 6.310 8.167 
8.316 8.928 8.046 7.794 8.041 7.799 6.984 6.862 6.812 6.866 6.497 6.241 6.061 6.026 6.028 6.936 6.849 6.716 
7.6S2 8.273 7.4G6 7.234 7.464 7.247 6.494 6.382 6.339 6.382 6.049 6.812 6.946 6.616 6.620 6.637 6.460 6.334 
7.168 7.722 6.976 6.760 6.976 6.779 6.077 6.976 6.936 6.979 6.607 6.448 6.291 6.267 6.271 6.190 6.127 6.009 
6.721 7.260 6.666 6.364 6.668 6.377 6.719 6.626 6.690 6.632 6.339 6.133 4.987 4.996 4.97l 4.902 4.839 4.728 

6.336 6.842 8.190 6.001 6.194 6.027 6.407 6.320 6.288 6.329 6.063 4.869 4.721 4.703 4.708 4.646 4.696 4.483 
6.898 6.486 6.871 6.692 6.876 6.720 6.134 6.062 6.023 6.093 4.801 4.618 4.487 4.471 4.477 4.410 4.394 4.299 
6.437 6.890 6.337 6.176 6.343 6.209 4.676 4.603 4.678 4.617 4.379 4,212 4.094 4.082 4.088 4.037 3.989 3.901 
4.989 6.413 4.908 4.761 4.914 4.793 4.306 4.240 4.2lS 4.266 4.038 3.886 3.776 3.767 3.773 3.727 3.984 3.60+ 
4.621 6.021 4.666 4.420 4.662 4.462 4.001 3.941 3.923 3.969 3.766 3.816 3.614 3.604 3.613 3.472 3.432 3.361 

3.496 3.781 3.438 3.337 3.443 3.368 3.031 2.989 2.978 3.009 2.866 2.761 2.674 2.672 2.678 2.660 2.619 2.673 
2.846 3.146 2.869 2.770 2.84l 2.799 2.617 2.473 2.402 2.611 2.381 2.346 2.268 2.222 2.231 2.202 2.226 2.147 
2.489 2.764 2.606 2.428 2.484 2.466 2.210 2.146 2.180 2.207 2.093 2.061 1.993 1.966 1.993 1.930 1.968 1.892 
2.246 2.486 2.264 2.193 2.246 2.220 1.998 1.924 1.973 1.998 1.896 1.866 1.806 1.771 1.779 1.760 1.774 1.716 
2.C87 2.291 2.080 2.023 2.071 2.049 1.846 1.776 1.622 1.846 1.761 1.723 1.997 1.637 1.646 1.618 1.840 1.687 

1.933 2.143 1.964 1.893 1.939 1.919 1.728 1.967 1.707 1.730 1.641 1.614 1.662 1.636 1.642 1.618 1.639 1.489 
1.828 2.028 1.860 1.792 1.838 1.817 1.636 1.680 1.617 1.639 1.666 1.629 1.481 1.466 l.462 1.439 1.469 1.412 
1.743 1.936 1.766 1.710 1.763 1.736 1.663 1.611 1.646 1.668 1.487 1.461 1.416 1.391 1.398 1.376 1.396 1.360 

F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

PLECTROSIC 6IOPPIlG POWER I3 WITS OF tUN/(ItG/SQ CX) 

.*~~.*...*t.*..l......***...*.*.*..*.*......~..*..****....**~...*.***.***.....**.**.......**.*.***...*.~*****~.***.*.*.....~**.*~**. 
E/A Sl l-5 BA LA Pfi 82S!4 GD e7iS0 6gRl 71i.U 73TA T6RE nIR 7gAU 82pB =BI ggT5 g2U 

60 62 66 67 69 64 
*.~.......**....C...*..***.*..**.*...........*.....*...**..*....***.**....**.**.*.~*******.*****.*~**.*~...*..*.*****.*******.*..*.. 

::i? 16.62 16.82 16.11 14.90 14.96 16.16 16.07 16.27 14.94 16.17 14.10 14.36 13.67 13.93 12.91 13.21 12.96 12.64 12.31 11.64 12.08 12.41 11.89 12.22 11.46 11.81 11.31 II.88 11.19 11.63 il.22 11.66 11.08 10.76 10.64 10.96 
16.80 16.11 16.16 16.27 16.19 14.40 13.99 13.31 13.07 12.76 12.64 12.36 11.96 11.81 11.68 11.71 11.22 11.09 
16.69 14.98 16.03 16.14 16.08 14.32 13.93 13.28 13.06 12.76 12.64 12.37 11.99 11.84 11.71 ll.74 11.24 11.11 
16.46 14.79 14.83 14.94 14.90 14.17 13.79 13.17 12.96 12.98 12.47 12.30 11.94 11.79 il.66 11.69 11.19 il.06 

E:E 16.19 14.91 14.29 14.66 14.69 14.33 IQ.70 14.43 14.67 14.42 13.97 13.76 13.60 13.39 12.83 13.02 12.62 12.66 12.65 12.38 12.34 12.19 12.03 12.18 11.04 11.70 11.69 11.66 11.66 11.43 11.69 11.45 10.96 11.09 10.97 10.84 
14.62 IQ.01 14.06 14.16 14.16 13.60 13.16 12.63 12.46 12.20 12.01 1l.W 11.64 11.41 11.27 11.30 10.82 10.69 
14.33 13.74 13.77 13.88 13.88 13.26 12.92 12.41 12.26 12.00 11.82 11.69 11.37 Il.24 11.11 11.13 10.66 10.64 
14.03 13.46 13.60 13.60 13.61 13.00 12.68 12.19 12.04 11.80 11.63 11.4s 11.19 11.07 10.93 10.96 10.49 10.37 

1o:o 8.8 

13.46 12.92 12.96 13.06 13.07 12.61 12.20 11.76 11.61 11.40 11.23 11.10 IO.63 10.71 10.68 10.90 

12.92 12.41 12.40 11.92 12.44 11.96 12.04 12.63 12.68 12.08 12.03 11.68 11.74 11.31 11.33 10.93 11.20 10.81 11.00 10.62 
10.84 10.72 10.47 10.38 
10.47 10.36 10.01 

:::: 11.94 11.60 11.47 11.06 11.60 11.08 11.59 11.17 .11.22 11.63 11.19 10.77 10.90 10.62 10.64 10.18 10.43 10.08 '"9.;; . I;.;; . 10.01 9.68 '"9.;; 9147 it:; . 

16.0 i::t 9.62 9.24 9.16 9.01 8.62 8.66 8.43 9.46 8.09 8.01 
8.24 8.01 7.96 7.83 7.62 7.46 7.36 7.37 7.06 

7.44 3% i% 7.06 6.96 6.68 6.64 8.66 t:ii 

36.0 9.41 Xi s:s7 6:83 sx . 2:: ix: . f:Z 

FE 

s:ro E-t: . 

:*;; 

6:19 z: , 

2: 6.494 6.696 6.677 6.263 6.699 6.286 6.744 6.326 6.381 6.801 6.602 6.199 6.496 6.101 6.369 4.997 6.338 4.969 4.890 6.268 5.208 4.840 4.806 6.169 4.726 6.082 4.704 6.066 4.980 4.933 4.646 4.993 4.786 4.466 4.743 4.414 

E4 
so:0 

6.102 4.792 4.916 I.617 4.936 4.636 4.974 4,673 4.724 6.027 4.868 4.668 4.798 4.483 4.664 4.387 4.639 4.394 4.681 4.311 4.630 4.263 4.497 4.233 4.426 4.166 4.406 4.140 4.338 4.064 4.096 4.349 4.172 3.929 4.134 3.694 
4.623 4.369 4.377 4.412 4.491 4.314 4.236 4.147 4.126 4.076 4.031 4.003 3.%?40 3.926 3.864 3.876 3.710 3.686 

66.0 4.289 4.133 4.161 4.184 4.232 4.092 4.019 3.936 3.917 3.870 3.828 3.802 3.743 3.729 3.671 3.681 3.633 3.601 
70.0 4.082 3.934 3.SSl 3.982 4.029 3.89f 3.826 3.760 3.732 3.988 3.648 3.623 3.669 3.666 3.600 3.610 3.368 3.339 

100:0 fit: 

3.734 3.698 3.614 3.643 3.687 3.667 3.606 3.438 3.420 3.381 3.344 3.322 3.272 3.262 3.211 3.220 3.091 3.064 

3.461 3.217 3.326 3.101 3.341 3.114 3.398 3.138 3.410 3.179 3.077 3.300 3,242 3.026 3.180 2.968 3.166 2.966 3.131 2.923 L-OS7 1.892 3.077 2.873 
3.032 3.022 1.976 1.983 2.884 2.839 
2.831 1.923 2.779 2.797 2.676 2.663 

it:-: 
2so:o 

2.463 2.066 2.374 1.986 2.386 1 6 
1.73 -0 

1.404 2.001 2.031 2.438 2.361 1.968 2.322 1.936 2.282 1.906 2.274 1.899 2.260 1.880 2.227 1.861 2.213 1.860 2.183 1.826 2.177 1.820 2.144 1.793 2.160 1.796 2.094 1.776 2.047 1.717 
1.811 1.749 1.744 1.771 1.721 1.704 1.674 1.676 1.666 1.632 1.619 1.611 1.699 1.674 1.679 1.668 1.619 

%8 1.620 1.943 1.687 1.468 1.670 1.463 1.676 1.468 1.699 1.480 1.662 l.449 1.431 1.647 1.620 1.408 1.621 1.409 1.606 1.394 1.483 1.373 1.480 1.371 1.494 1.367 1.464 1.347 1.431 1.326 1.436 1.331 1.426 1.321 1.381 1.280 

600:0 OE 
1.426 1.378 1.394 1.368 1.389 1.368 1.344 1.322 1.323 1.309 1.290 1.288 I.276 1.166 1.246 1.260 1.241 1.204 
1.294 1.363 1.260 1.307 1.231) 1.194 1.298 I.242 l.3l8 l.lEI 1.233 1.289 1.220 1.276 1.201 1.266 1.166 1.202 1.189 1.242 1.173 1.226 1.223 I.170 1.169 1.210 1.202 1.161 1.133 l.l84 1.187 I.137 1.127 1.178 1.096 1.143 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

68 
RIDGE II USITS OF HG/Sq C?l III 101s 

28 
WA BE Hi AL 

4 SC 12 13 
. . . ..*.~~*...*..*I~+**.***~*..****. 

28 
4.610 4.320 6.097 8.080 
6.178 6.003 '3.990 7.012 

43:: 
6.878 6.718 7.807 7.370 
6.621 (I.4e6 8.864 8.367 

4.6 7.403 7.247 3.834 3.978 

SI CA II CB FE II aJ GE SE SR 28 HO 
14 20 

BB 
22 24 28 28 29 32 34 38 40 42 46 4P **.....*...*...*...******~.*.*.**.*....**..*~.*.*...~.**.**..~~*~**..**********.....~....****~~.. 

6.970 7.107 7.700 8.124 8.440 8.7VO 8.960 3.640 9.860 10.317 10.600 10.684 
6.887 8.109 8.866 9.679 10.027 10.299 

11.012 11.300 
9.330 10.971 11.3V3 11.882 12.061 1 

7.828 3.129 10.028 10.662 10.933 11.304 11.669 12.411 12.871 13.403 13.623 1 .918 
8.7ae lo.178 ii.798 

14.677 14.761 
11.228 12.210 12.802 13.039 13.870 14.397 14.974 16.202 1 .660 le.362 le.486 

9.736 11.262 12.469 13.070 13.618 13.927 14.447 16.367 16.960 16.684 le.806 1 ,204 18.140 18.243 

2: 
a.224 8.084 10.84e 11.030 10.829 11.368 13.724 14.388 14.866 16.283 16.888 18.876 17.636 18.186 18.439 lV.883 19.$61 20.030 

e:o 
9.086 8.317 11.834 12.120 11.896 13.600 16.026 16.733 16.229 18.873 17.363 18.430 13.166 19.841 20.107 20.808 21.790 21.860 
9.906 9.806 12.977 13.248 12.V38 14.878 18.384 17.118 17.1340 18.038 18.876 20.023 20.813 21.634 21.811 2 .383 23.860 23.708 

8.6 10.826 10.730 14.090 14.403 14.133 16.887 17.741 18.638 13.089 19.669 20.428 21.064 22.610 23.208 23.668 2 
i 

.168 26.666 26.602 
7.0 Il.806 11.e89 16.261 16.008 16.306 17.133 19.16(1 19.399 X.677 21.068 22.016 23.328 24.248 26.039 26.340 2 .VV2 27.606 27.639 

x 
13.98 13.71 17.67 18.12 17.78 19.73 22.11 23.04 23.87 24.17 26.32 26.73 27.86 28.71 29.03 29.78 31.60 31.64 

1o:o 
18.21 16.88 20.23 20.78 20.36 22.48 26.21 28.24 28.92 27.44 28.78 30.43 31.62 32.66 32.89 33.76 36.66 36.71 

11.0 
18.69 18.19 22.94 23.63 23.09 26.3e 18.48 29.80 30.33 30.88 32.41 34.23 36.67 30.68 36.92 37.88 39.98 40.08 
21.12 20.83 26.79 26.64 26.37 28.40 31.91 33.12 33.90 34.44 38.10 38.21 39.88 40.76 41.13 42.13 44.47 44.69 

12.0 23.80 23.21 28.78 29.64 28.99 31.67 36.49 38.79 37.63 38.18 40.16 42.36 43.08 46.10 46.60 48.67 49.13 49.29 

16.0 32.71 31.74 38.eo 39.81 38.89 41.94 47.18 48.77 49.77 60.33 63.01 66.81 67.89 63.22 69.66 61.16 84.11 84.48 

2: 
60.39 48.64 67.71 69.69 68.11 81.00 89.72 71.84 73.10 73.63 77.06 81.66 84.48 86.13 86.66 68.70 92.46 93.30 
71.46 ea.44 80.13 82.77 80.81 86.40 96.97 $8.66 100.19 100.63 108.19 111.34 116.21 117.18 117.76 
96.76 31.30 106.74 103.24 100.31 112.03 126 80 129.08 130 SO 131 22 138 60 146 03 149.96 162 23 162 83 

::: 123.21 117.02 134.46 138.89 136.07 141.70 169:lO la3.02 166:13 1$6:28 174:4a 182:60 188.67 191:16 191:77 

iii.: 
163.7 146.6 ie6.2 171.6 168.8 174.6 196.7 200.4 202.8 202.7 214.0 223.7 231.0 233.8 234.6 239.1 246.8 260.0 

60:0 
187.1 17e.7 200.8 207.4 201.6 210.3 236.7 241.0 243.7 243.4 266.9 288.4 277.0 280.2 280.6 286.2 293.6 298.3 

66.0 
223.4 210.4 236.2 246.0 238.9 148.9 278.8 284.8 287.9 207.3 303.2 316.0 326.6 330.1 330.6 338.8 344.9 361.6 

80.0 
262.6 246.9 278.4 287.6 279.1 290.3 326.0 331.8 336.2 334.2 362.8 388.1 379.7 363.4 384.0 330.9 399.8 407.6 
304.3 286.6 321.3 331.8 322.0 334.6 374.2 381.9 386.8 384.3 406.6 413.0 438.2 440.1 440.0 448.4 468.0 467.2 

86.0 
70.0 

348.0 320.7 386.9 378.8 367.6 381.3 428.4 434.9 438.9 437.2 461.4 481.1 496.0 600.2 600.6 609.2 619.6 630.2 

80.0 
396.9 370.3 416.0 428.4 416.7 430.7 481.4 490.9 496.2 493.1 620.3 642.3 669.0 683.6 683.8 673.3 684.6 696.6 

90.0 
497.8 4e4.3 618.8 636.4 619.3 637.1 800.0 611.3 616.3 813.2 647.0 674.0 894.6 099.4 693.8 710.8 723.7 738.9 

100.0 
809.1 667.1 $32.2 862.4 632.6 663.3 729.4 742.6 748.6 744.2 786.1 817.6 842.2 847.6 847.4 530.6 876.1 893.7 
730.0 678.6 766.0 779.0 766.3 779.0 869.2 884.8 891.2 886.6 934.1 972.6 1001.6 1007.2 1008.9 1021.8 1038.4 1060.6 

160.0 1466. 1363. 1498. 
:::t : 

1497. 1638. 1713. 1761. 1737. 1831. 
200.0 

1904. 1960. 
2396. 

1967. 1966. 1990. 
2201. 2430. 2430. 1490. 2771. :H:k 

2018. 2069. 
2826. 2800. 2962. 

260.0 3489. 
3043. 3138. 3166. 3160. 

3190. 
%?2 

3V.29. 3627. 3800. 4006. 4076. 4078. 4036. 
3198. 3220. 3302. 

4266. 
300.0 4719. 4301. 

4367. 4607. 4683. 4661. 4812. 4816. 4746. 

360.0 6X8. 6618. 8076: 
4888. 4768. 4846. 6389. 6611. 6480. 6421. 6716. 5860. 

FE. e126. 
6112. 

62e7. 6106. e207. e902. 
6194. 8174. 

7081. 7012. 6934. 7311. 
8360. 

7472. . 7831. 7806. 7910. 7877. 8110. 

400.0 7620. 8828. 7612. 
iii:. 

7666. 7872. 8628. 8788. 8869. 8669. 
460.0 9086. 8221. 

9023. 9211. 9613. 
9039. 9093. 

9663. 9628. 9772. 97oe. 10009. 
9217. 10266. 10667. 104OtJ. 10283. 10840. 11069. 11422. 11606. 11661. 11736. 11842. 12011. 

600.0 10691. 9686. lOe46. 10986: 10710. lOBo1. 12089. 12436. 12242. 12096. 12748. 13001. 13427. 13846. 13691. 13788. 13876. 14112. 

*..*...*~.....**..*I*..~*.**..*.*****.*.*..**..**.*.*...~*~*~,.*.*~..*........**~...**.~...*.***.***.*~.~****.**.*...**.........~*~* 
E/A 6# IE 94 LA PFi SH CD 80 m LU 

60 
IA SE IR AU F% 

62 66 67 69 62 
BI TB u 

84 67 69 71 73 76 77 79 a2 83 so 92 . . . . ..*.t***.*+*t+.*~******.*.~*..**..**...*..**~*....*~*~*****..****.*.....*.***.*.*.....*.*****.***.*..**..**~..*.****..**.*.*...* 

:.: 
11.87 12.32 13.32 13.68 14.09 14.82 16.28 16.83 16.17 16.60 18.64 17.20 17.67 17.90 18.33 18.49 19.83 20.26 

3:6 
13.11 14.26 16.24 16.49 16.01 16.88 17.36 18.04 18.43 18.82 19.20 19.61 20.06 20.42 20.88 21.03 22.48 22.94 

t:: 

16.66 16.17 17.16 17.38 17.92 18.87 19.43 20.23 20.86 21.10 21.63 21.96 22.49 22.89 23.37 23.62 26.08 26.67 
17.33 18.09 19.07 13.19 13.84 20.89 21.61 22.41 22.87 23.37 23.84 24.31 24.91 26.34 26.86 26.99 27.66 28.18 
19.26 20.04 21.02 21.22 21.77 21.92 23.60 24.0 26.10 26.86 26.16 28.68 27.34 27.79 28.33 26.46 30.26 20.80 

:,i 
21.14 22.02 22.99 23.17 23.73 24.98 26.72 28.81 27.36 27.96 28.49 29.03 29.76 30.26 30.63 30.96 32.86 33.43 

e:o 
23.07 24.03 24.93 26.17 26.73 27.08 27.87 29.06 29.83 30.27 30.88 31.42 32.24 32.76 33.36 33.47 36.48 38.09 

P:E 

26.03 26.08 27.04 27.13 27.78 28.11 30.06 31.34 31.94 32.83 33.26 33.86 34.73 36.28 36.91 38.02 38.14 38.78 
27.04 28.17 29.12 23.28 29.82 31.37 32.28 33.86 34.23 36.03 36.69 38.31 37.17 37.84 38.60 38.80 40.84 41.61 
29.08 30.30 31.26 31.37 31.93 33.68 34.64 36.01 38.67 37.47 38.16 38.81 39.64 40.44 41.13 41.13 43.69 44.29 

8.0 
9.0 

33.30 34.70 36.83 36.73 J8.28 38.13 39.20 40.86 41.68 42.47 43.24 43.96 46.10 46.77 46.62 46.61 49.21 49.97 

10.0 
37.70 39.29 40.21 40.27 40.81 42.86 44.06 46.88 48.66 47.86 48.49 49.27 60.66 61.28 62.10 62.17 66.02 66.86 

11.0 
42.28 44.08 44.96 44.93 46.62 47.77 49.08 61.09 61.94 63.02 63.94 64.77 66.19 66.97 67.87 67.93 61.03 61.93 

12.0 
47.06 49.02 49.31 43.80 60.41 62.88 64.31 68.60 67.40 68.68 69.68 $0.47 61.02 82.68 63.83 83.88 67.26 68.21 
61.99 64.17 66.06 66.00 66.49 68.17 69.72 62.10 63.06 64.33 66.41 tM.36 88.06 68.96 70.00 70.03 73.68 74.71 

16.0 67.96 70.78 71.00 71.43 71.84 76.19 77.13 8O.W 81.18 82.76 84.10 86.23 87.33 88.41 89.71 89.70 $4.23 96.48 

%o" 132.89 138.29 138.80 138.21 138.16 144.06 147.47 162.40 164'09 166'73 163'06 160'88 184'44 lee.12 168'63 
98.20 102.23 102.96 102.64 102.76 107.32 109.98 113.66 116 27 117 39 119 17 120 82 123 44 124 82 128 64 126.63 132 69 134 33 

30.0 171.89 178.81 179.28 178.27 177.88 186.26 189.60 196.62 197:61 2OO:aZ 203:SJ 206179 210120 212118 216127 
68 32 17e:31 178'40 

3 14194 224 $6 227’63 
36.0 216.Oi3 223.66 223.93 222.69 221.81 230.77 236.93 243.10 246.38 248.36 262.76 266.29 260.68 282.86 266.70 266.26 278:4a 2al:67 

2: 
262.3 271.7 272.8 271.1 263.8 180.6 288.6 296.0 297.6 302.3 306.3 309.2 316.4 318.0 322.7 322.1 336.7 340.4 

SO:0 
313.4 326.8 326.7 323.6 321.8 334.3 341.4 361.1 364.0 363.4 364.1 367.6 374.7 377.6 383.1 382.4 J9$ 6 403.8 

66.0 
3V8.4 382.8 382.6 379.9 377.6 392.0 400.3 411.3 414.6 420.7 428.1 429.9 438.1 441.3 447.9 448.9 406:S 471.7 

80.0 
427.1 443.8 443.2 440.1 437.1 463.6 rM3.0 476.4 479.0 488.0 492.1 498.4 606.7 609.2 618.8 616.7 638.8 644.1 
489.4 608.4 607.8 6O4.0 600.3 619.0 629.6 643.4 647.4 666.2 682.1 6e.3.9 677.3 681.1 683.8 688.6 814.6 620.7 

66.0 

28 

666.3 678.8 676.8 671.6 687.1 688.0 699.9 616.3 819.6 828.3 636.9 841.3 662.9 v6e.g 888.9 06.3 694 6 701.6 
624.6 848.7 V47.3 (w2.6 037.3 Bdo.7 673.9 890.8 636.4 706.0 713.8 719.4 732.3 738.8 747.8 746.1 778:6 786.3 
773.4 803.1 801.0 796.1 788.0 818.4 832.6 862.6 867.9 869.6 879.8 006.8 902.2 907.1 921.0 $18.8 $68.6 967.9 

lo?:8 1103.4 1161.7 1148.0 1133.4 1128.1 1167:0 1lSO:O 121712 122411 1239:s 1264.2 12$3:7 128417 12$0:7 131017 1307:4 1363:4 137612 
936.1 970.9 988.1 960.3 361.8 986 7 1004 7 1028 2 1034 4 1048 0 1080.2 1068 4 1086 6 1092 0 1108 8 ilO 1 1163 7 1164 7 

160.0 2163. 2234. 2226. 2208. 2183. 

SEEi 
3461. 

2267. 2298, 
;;W;. 3667. S&T. E.4;. 3611. 3(174. ~1~~ 

2367. 2386. 2411. 2428. 2486. 2476. 
3803. 

2613. 2607. 2812. 2638. 

3oo:o 
. 6138. 6278. 

360.0 z%t: . 
6868;: 8769: I!'%: 7069. 

6377: is% 
3940. 

6464. 
3838;. 3870. 3927. 4002. 4193. 

6648. 6026. 6V48. 
3990. 4123. 
6719. 6a68. 6996. 

ae48. 8900. 
;:S;. 7214. 

9020. . 
7296. 73T3:: 7420. 7617. 7664. %:: 
9301. . 

7660. 7812 8002. 
9198. 9463. 9678. Se30. 9782. $761. 9928. 10187. 

400.0 10466. 10831. 10888. 10826. 10673. 10372. 11113, 11312. 11326. 11461. 11602. 11e44. 11786. 11863. 12040. 12002. 12197. 12626 
460.0 12644. 12994. 13073. 13003. 12818. 13iS6. 13330. 13666. 13676. 13727. 13910. 13967. 14122. 14206. 14430. 14384. 14687. 16000: 
600.0 14'138. 16266. 163ee. 16288. 16083. 16468. 16660. 16930. 16938. 16114. 18331. 10383. 16672. 153688. 16336. lS882. 17116, 17694, 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

63 
RECTROlIC SIOPPIIG POWER II UIIIS OF MSV/tHO/SQ QI) w IOllS 

29 

WA Be 
oc 12 

Im AL SI CA n CR FE II W GE SE SR 23 
4 13 

I40 
14 20 22 24 

rul 
28 28 29 32 34 38 40 42 46 4:" +**....**.+*..+*.*...*....**.....*.**.~....*.~**....**..*~***......****~~~.~~**...*.**~*...*...***.**.****~.~*...*...*****.***.*.*.. 

2: 44.89 47.14 46.42 43.62 33.94 34.41 32.92 32.23 33.42 32.79 30.49 30.09 16.39 29.14 26.22 26.08 24.61 24.40 23.92 23.91 22.46 22.46 21.I9 21.13 20.20 20.10 19.53 19.32 18.82 18.71 17.40 

P*E 42.37 40.23 41.78 39.96 
19.88 18.48 

31.87 32.69 31.36 30.40 31.92 30.99 2S.48 28.72 26.88 26.07 
18.79 

24.88 24.i4 24.06 23.68 23.83 22.21 21.84 
17.08 17.91 

20.99 20.87 20.06 19.66 19.37 18.73 17.16 
23-22 22.74 

17.69 
4:6 38.28 38.24 19.79 19.42 19.30 19.13 30.86 19.44 30.04 27.93 24.43 18.62 17.09 23.68 233.06 21.40 20.27 17.43 

18.97 18.82 18.24 18.92 17.19 

::: 38.60 34.88 38.0'3 36.18 29.86 28.70 28.60 27.69 29.10 28.20 28.37 27.14 23.13 23.78 22.98 22.37 21.92 22.49 22.22 21.69 20.92 20.43 19.84 19.39 18.82 19.03 18.81 18.22 18.09 18.48 17.91 17.68 16.70 16.90 

8.: 
7:o 

33.40 32.06 33.82 32.67 27.79 24.93 
18.46 16.69 

29.73 26.91 27.33 29.61 24.90 26.92 22.61 21.90 21.78 21.21 20.82 21.38 21.18 20.66 19.94 is.48 18.60 18.94 18.20 17.79 17.82 17.70 17.20 19.17 16.20 
30.81 31.40 28.12 26.14 26.73 16.94 24.21 21.31 20.88 20.29 20.16 18.99 18.07 IT.38 17.43 17.04 17.32 18.94 16.84 18.48 16.88 16.69 

16.81 

8:: 28.81 20.73 29.31 27.61 24.82 23.29 22.46 23.72 23.02 24.30 22.93 21.78 19.24 20.23 18.70 19.64 19.31 18.40 19.19 18.32 17.29 18.11 17.24 16.47 16.81 16.88 16.61 16.30 16.63 16.21 16.13 16.78 16.01 14.46 14.98 14.37 

K 
12:o 

23.67 26.10 24.63 26.92 22.11 21.04 21.32 20.30 21.87 20.83 20.74 19.79 18.34 17.62 17.84 17.08 17.67 16.82 17.61 16.78 16.63 16.84 16.12 16.77 16.21 14.60 14.98 14.38 14.89 14.30 14.63 13.96 13.92 13.42 13.81 13.29 
22.42 23.2S 20.08 19.38 19.90 18.94 16.78 18.36 16.13 16.10 16.21 14.62 14.03 13.91 13.76 13.44 12.96 12.80 

16.0 19.39 20.2e 17.69 17.09 17.67 18.78 14.91 14.68 14.37 14.36 13.69 12.99 12.67 12.40 12.36 12.09 11.72 11.64 

iI:: 16.96 13.64 14.46 16.82 14.86 12.86 12.44 14.36 12.81 14.77 14.19 12.34 12.83 12.38 12.22 12.26 10.72 11.69 10.14 l;.O$ . 10.76 9.43 10.63 10.60 9.32 10.39 9.16 10.13 E 

iz:: il.08 10.70 12.73 11.42 11.38 10.24 '$A; . ;;A; 1Og.g ';A; 8184 '"9.3 8:88 lOg.;l 8:61 X% . 9.06 9.20 ?E 8.42 7.63 t2 7:69 8.36 7.68 t.:: . X% 7132 7187 7.16 

9.70 10.38 9.34 8.03 8.09 T:ii 3% 5% 7.61 7.21 7.00 6.96 6.96 6.84 6.69 

;:zz 6.82 6177 6.82 6.94 6.48 6.67 6.21 6.03 6.47 6.44 6.00 8.44 6.00 6.34 6.92 F:8 

TC . t*:: . 8.36 L.S8 6.39 6.02 F3: . 6.49 6.92 6.66 6.33 6.83 6.31 6.32 6.64 6.66 6.24 6.17 6:36 6.06 

tk: 6.422 6.782 7.321 6.940 6.626 6.284 8.422 6.093 6.629 0.289 6.449 6.122 6.786 6.494 6.408 6.692 6.067 6.376 6.701 6.418 6.406 6.138 4.941 6.198 4.802 5.061 4.784 6.031 6.036 4.790 4.727 4.988 4.908 4.989 4.796 4.666 

100:0 EY 

6.823 6.306 6.716 6.642 6.721 6.674 6.006 4.928 4.901 4.943 4.688 4.610 4.383 4.370 4.376 4.321 4.289 4.178 

4.962 6.344 6.796 6.377 4.881 6.267 4.736 6.099 4.887 6.263 4.789 6.133 4.612 4.286 4.641 4.222 4.618 4.202 4.668 4.241 4.023 4.324 4.181 3.872 4.044 3.764 4.034 3.766 4.040 3.763 3.981 3.718 3.946 3.676 3.861 3.699 

160.0 3.714 4.061 3.686 3.678 3.691 3.610 3.260 3.204 3.192 3.226 3.082 2.949 2.887 2.964 2.870 2.841 2.808 2.768 
200.0 3.062 3.371 3.086 2.971 3.046 3.002 2.699 2.662 2.881 2.693 2.663 2.616 2.432 2.382 2.392 2.361 2.386 2.302 
260.0 2.88s 2.963 2.687 2.604 2.884 2.634 2.370 2.302 2.338 2.367 2.244 2.210 2.139 2.096 2.106 2.070 2.100 2.029 

E:X 2.217 2.407 2.666 2.467 2.428 2,239 2.363 2.170 2.408 2,222 2.381 2.lS9 2.143 1.978 2.063 1.907 2.116 1.964 2.143 1.979 2.032 1.878 2.001 I.848 I.936 1.788 1.899 1.766 1.908 1.764 1.977 1.736 1.903 1.760 1.840 I.702 

400.0 2.073 2.299 2.096 2.031 2.080 2.068 1.863 1.798 I.831 1.865 1.780 1.731 1.676 1.646 1.654 1.628 1.660 1.697 
460.0 1.980 2.174 1.984 1.922 1.989 1.949 1.766 1.696 1.736 1.769 1.669 1.640 1.688 1.661 1.669 1.644 I.666 I.616 
600.0 1.870 2.076 1.894 1.836 1.880 1.961 1.679 1.820 1.667 1.680 1.696 1.697 1.618 1.492 1.600 1.478 1.496 1.449 

*.*.*....**..*.*1.....*...**..*..~****..*....*..~**.***.~*...*.**..*.***.***.*.....*..*.*...**..***......*.*..*.*.*****.*..*.*.*..*. 

R/A ST TR 3A LA PR SH GO HO 111 LU TA RE 771R AU P6 
60 62 6e 67 59 62 84 67 69 71 73 76 79 82 

=BI wT6 S2U 

.1.I.**.....*.*......*.......*~.........**..~*..*~..~**.*****.~.....*..**......~...**.......*..~.**....*.*.*...*.....*.**..~...*.*** 
16.30 16.66 16.61 16.72 16.69 14.71 14.26 13.47 13.19 12.96 12.60 12.40 11.96 11.80 Il.98 11.71 11.23 11.10 
le..64 16.90 16.86 16.96 16.86 16.00 14.56 13.81 13.64 13.21 12.97 12.77 12.34 12.10 12.06 12.06 11.68 11.44 
16.66 16.82 16.86 16.98 16.90 16.07 14.86 13.93 13.68 13.36 13.12 12.93 12.62 12.36 12.22 12.26 11.74 11.60 
18.42 16.71 16.76 16.87 16.81 16.01 14.60 13.91 13.68 13.37 13.14 12.96 12.68 12.40 12.27 12.30 11.77 11.64 
16.21 16.62 16.66 16.67 16.83 14.97 14.46 13.82 13.60 13.30 13.06 12.90 12.62 12.37 12.23 12.28 11.73 11.80 

E 
2: 
4:s 

6.0 

?fJ 
6:6 
7.0 

16.90 16.28 16.32 16.44 16.41 14.67 14.28 13.67 13.48 13.17 12.96 12.79 12.42 12.27 12.13 12.16 11.64 11.61 
16.68 16.02 16.00 16.17 16.16 14.44 14.07 13.48 13.29 13.01 12.90 12.64 12.29 12.14 12.00 12.03 11.51 11.36 
16.38 14.74 14.78 14.89 14.80 14.20 13.84 13.28 13.09 12.83 12.63 12.47 12.14 11.99 11.85 it.68 11.37 11.24 
16.08 14.46 14.60 14.61 14.61 13.96 13.80 13.06 12.89 12.63 12.44 12.29 11.96 11.83 11.69 11.71 11.21 11.08 
14.79 14.18 14.22 14.32 14.33 13.89 13.36 12.84 12.67 12.43 12.24 12.10 11.78 11.66 11.61 11.64 11.04 10.92 

i.8 
1o:o 
11.0 
12.0 

14.20 13.62 13.66 13.76 13.78 13.19 12.87 12.39 12.24 12.01 11.84 11.70 11.41 11.29 11.16 11.18 10.69 10.68 
13.64 13.09 13.13 13.23 13.26 12.70 12.39 11.98 11.82 11.61 11.44 11.31 11.04 10.93 10.79 IO.82 10.36 
13.12 12.69 12.63 12.72 12.76 12.23 11.96 Il.64 11.42 11.21 11.06 10.94 10.68 10.67 10.44 10.01 

I",.;': 

12.63 12.13 12.16 12.26 12.30 11.80 11.63 11.16 11.03 10.84 10.69 10.58 10.34 IO.11 
;;A! 

9.69 9:69 
12.17 11.69 11.73 11.82 11.87 11.39 11.13 10.77 10.67 10.49 10.34 10.24 10.01 

1"g.g; 
. 9.79 9:81 9.39 9.2s 

16.0 
20.0 

ZE 
36:0 

10.99 10.66 10.60 10.68 10.74 9.79 t*:: 9.65 9.42 9.33 9.14 8.94 8.49 

7:62 ix 

9.12 9.16 

1% 7132 

9.29 8.61 

7:60 6.76 

8.32 8.21 
?E 

7.61 
t.2 

7.42 

t*z 8.08 8.21 7.38 7.66 6.81 7.39 7.30 6.69 %f 6:64 K 6.42 E 6.96 
6.84 s:ss 3% . 

6:97 6.31 6.62 6.99 
0.86 6.73 8.21 6.18 :*:I . 6.02 6.98 6.87 6.84 t:: . 6.77 6.49 

ii:8 

z!*: 
80:o 

8.291 6.069 0.092 6.130 6.190 6.978 6.884 6.729 6.896 6.622 6.667 6.616 6.423 6.396 6.314 6.327 6.108 6.060 
6.836 6.821 6.643 6.687 6.748 6.661 6.447 6.326 6.296 6.228 6.168 6.130 6.046 6.022 4.946 4.969 4.766 4.712 
6.461 6.261 6.272 6.314 6.370 6.190 6.094 4.982 4.966 4.894 4.839 4.804 4.727 4.708 4.634 4.846 4.466 4.416 
6.122 4.936 4.966 4.994 6.049 4.881 4.791 46688 4.884 4.607 4.666 4.623 4.462 4.433 4.386 4.377 4.199 4.161 
4.837 4.881 4.880 4.717 4.770 4.612 4.629 4.433 4.411 4.368 4.310 4.280 4.213 4.198 4.131 4.142 3.976 3.939 

86.0 

is 
so:0 

100.0 

160.0 

4.688 4.421 4.439 4.476 4.626 4.377 4.298 4.210 4.189 4.139 4.094 4.006 4.003 3.998 3.926 3.937 3.778 3.744 
4.J(18 4.208 4.227 4.201 4.311 4.189 4.086 4.012 3.993 3.948 3.903 3.876 3.817 3.804 3.744 3.766 3.6&3 3.671 
3.998 3.862 3.898 3.899 3.947 3.818 3.761 3.877 3.881 3.618 3.679 3.668 3.502 3.491 3.436 3.446 3.308 3.279 
3.896 3.692 3.677 3.806 3.661 3.633 3.472 3.406 3.390 3.362 3.318 3.291 3.248 3.238 3.196 3.194 3.046 3.040 
3.446 3.321 3.336 3.362 3.106 3.298 3.239 3.178 3.186 3.130 3.097 3.077 3.032 3.024 2.976 2.986 2.886 2.841 

2.840 2.646 2.666 2.677 2.613 2.631 2.489 2.448 2.437 2.412 2.397 2.372 2.340 2.334 2.298 2.304 2.213 2.194 
2.204 2.128 2.128 2.146 2.177 2.110 2.076 2.043 2.036 2.016 1.996 1.983 1.968 1.962 1.922 1.928 1.903 1.841 
1.942 1.676 1.865 1.871 1.899 1.846 1,827 I.796 1.7S6 1.776 1.760 1.747 1.728 1.716 1.888 1.694 1.882 I.629 
I.782 1.702 1.884 1.880 I.716 1.676 1.669 1.630 1.632 

:.W: . 
1.6BO 1.687 1.670 1.669 1.536 1.640 1.629 1.481 

1.630 1.676 I.668 1.664 1.687 1.661 1.636 1.610 1.611 1.473 1.471 1.466 1.446 1.422 1.427 1.417 1.373 

E-8 
6oo:o 

1.630 1.478 1.493 1.468 1.490 1.466 1.442 1.418 1.419 1.404 1.394 1.382 1.367 1.368 1.337 1.341 1.331 1.291 
1.461 1.402 1.388 1.393 1.414 1.382 1.368 1.348 1.347 1.333 1.314 1.312 1.298 1.290 1.270 1.274 1.284 1.226 
1.388 1.341 1.326 1.332 1.363 1.323 1.309 1.288 1.289 1.276 I.268 1.266 1.243 1,236 1.216 1.220 1.209 1.174 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAIGE II UIITS OF !ki/Sq Q( 
43 

aJ IOlS 
23 

E/A BB 
ec 12 

Is3 AL SI CA l-I CR FE II al GE SE SR al no Pil 
4 13 14 20 22 24 24 28 29 32 34 38 40 42 46 4? 

***.***....,..+*.....*****...******.*...**.**.*****.*.****...**~~.***.**..*..***...*.*****.*..****...**.*.*~********.**......~~.*.** 
2.6 4.750 4.560 6.421 6.400 8.280 7.474 8.100 8.646 8.880 9.220 9.420 10.060 10.330 10.863 11.060 11.241 11.688 Il.890 
X:E 4.140 6.434 6.267 5.995 8.234 7.344 7.344 8.367 8.205 7.231 8.613 9.671 10.614 3.238 11.044 3.738 10.147 11.468 11.890 10.534 12.231 10.821 11.537 13.029 11.962 13.614 14.074 12.468 14.293 12.672 12:.922 13.443 13.487 

14:.41X 16.283 16.476 
t:: 4.323 7.724 4.747 7.673 10.286 3.274 10.430 3.377 10.238 3.204 10.463 11.798 11.754 13.028 12.366 13.474 12.788 14.139 13.204 14.676 13.640 16.117 14.541 18.079 16.037 14.704 16.496 17.341 16.929 17.589 14m.291 18.004 17.129 17.274 

18.981 19.033 

E:Z 8.649 9.452 8.414 3.232 11.330 12.410 11.618 12.641 11.304 12.403 12.910 14.087 14.335 16.478 15.030 14.420 16.623 14.942 16.974 17.411 14.404 18.123 17.460 19.264 18.342 20.016 19.017 20.728 19.278 21.002 21.523 19.747 TN.864 22.764 20.341 
22.822 

4.0 10.376 10.206 13.524 13.801 13.638 16.239 17.063 17.847 18.397 18.881 19.490 20.899 21.727 22.474 22.742 231.336 24.686 24.740 
4.6 11.338 11.164 14.477 14.998 14.708 14.547 18.478 13.312 19.891 20.388 21.283 22.682 23.477 24.243 24.642 26:.189 24.451 24.498 
7.0 12.341 12.139 16.845 14.232 15.914 17.830 13.934 20.817 21.423 21.932 22.328 24.306 26.243 29.090 29.401 27.078 28.462 28.433 

t:: 14.44 14.74 14.22 14.44 18.35 20.98 18.81 21.64 21.10 18.43 20.60 23.32 22.37 26.17 23.36 27.23 24.41 27.96 26.14 28.50 24.33 29.89 31.41 27.88 32.84 28.98 33.82 29.87 30.20 34.18 W.98 35.06 32.77 37.06 32.81 
37.11 

12:o :z 

19.18 18.80 23.76 24.42 23.91 29.23 29.52 30.48 31.46 32.02 33.82 36.63 38.31 37.96 39.32 39.31 41.49 41.68 

21.74 24.60 23.33 21.30 29.48 23.76 30.43 27.46 29.94 28.84 32.66 29.40 33.04 36.71 38.07 34.30 36.12 38.96 39.53 36.49 37.61 41.57 43.84 39.41 41.14 46.64 42.24 49.72 47.13 42.64 43.74 48.34 44.10 60.88 46.23 61.00 

15.0 33.69 32.66 39.80 41.04 40.09 43.28 48.48 SO.34 61.38 61.97 64.74 57.44 69.80 41.18 41.44 83.18 W.25 69.43 
:::: 73.03 61.40 49.80 70.07 82.18 69.32 41.24 84.89 82.43 69.73 83.78 87.46 71.73 98.62 101.28 73.32 102.89 76.24 103.39 76.80 103.07 73.93 114.38 83.97 118.38 87.00 120.42 88.72 121.01 89.26 91.37 36.24 W.12 

128.38 129.93 
ii:: 126:44 97 74 33.36 108.28 137.60 

la3.75 

119.6,2 
111.84 142.04 108.84 138.14 114.80 146.10 128.92 142.83 132.31 144.87 134.20 143.04 134 183:24 56 142.01 178.84 148.74 184.91 163 193114 80 164.14 196.81 164 134:44 79 I(10 ZOO:64 18 146 2OS:SS 64 203:93 147 91 

40.0 164.4 148.6 149.7 176.3 170.4 178.6 200.1 204.9 207.4 207.3 218.8 228.8 234.3 239.3 239.3 144.7 261.6 266.9 
46.0 190.4 180.2 204.9 211.7 206.7 214.8 240.7 244.2 249.0 248.7 242.5 274.3 283.1 284.4 287.0 p2.4 300.2 346.4 

40:o Et.: 

227.4 214.5 243.0 261.0 243.7 264.0 284.6 290.8 293.3 233.3 309.4 323.3 333.4 337.1 337.7 344.0 362.4 359.1 

309.6 247.1 261.4 290.8 283.8 327.4 233.1 338.1 284.4 328.1 298.1 340.9 331.6 381.6 338.6 389.3 342.0 333.1 341.0 391.8 340.0 413.5 376.7 431.4 387.5 444.3 391.3 449.0 391.9 443.6 399.0 467.4 408.1 467.3 414.1 478.7 

46.0 364.7 332.4 373.6 386.8 374.4 388.4 434.4 443.2 447.3 446.4 470.3 490.4 606.4 509.9 610.4 619.2 623.3 640.7 

iit: 402.4 506.6 472.2 374.8 422.6 627.8 434.1 644.7 423.2 628.4 438.4 646.4 410.6 490.3 622.2 600.0 627.4 504.6 624.2 602.3 466.4 630.1 884.2 562.4 707.1 669.6 712.2 674.2 712.4 674.4 684.2 ?23.8 737.0 696.7 808.0 762.6 
1::: 418.4 741.2 (K19.5 676.6 748.0 642.8 983.4 791.7 643.3 767.8 664.5 792.0 741.9 883.7 766.4 899.6 741.4 334.1 757.1 900.5 738.7 949.3 831.8 948.3 1018.4 866.9 1024.4 892.4 1024.1 892.3 1033.3 875.7 1064.2 690.7 1078.7 909.4 

160.0 1484. 1374. 1620. :6"9: 
: 

1613. 1661. 1739. 1747. 1778. 1743. 1859. 1933. 1990. 1997. 1395. 2021. 2043. 2091. 

3oo:o iE.8 

2428. 2233. 2466. 2445. 2626. 2811. 2866. 2847. 2840. 2996. 3087. 3184. 3212. 3246. 3247. 3350. 

3536. 4782. 4380. 3236. 3E& 3678. 4354. %Sf. 
4187: 

3460. 4911. 4041. 5442. 4136. 6684. 4136. 6566. 4093. 6495. 4316. 5794. 4429. 6930. 4122. 4570. 4627. %P 61911 4%. 4080. 4813. 8448. 
350.0 4148. 6693, 4166. 6.361. 6291. 4994. 7176. 7107. 7027. 7409. 7673. 7818. %: 7916. 8027: %:: 8230. 

400.0 7419. 4320. %k 7864. 7464. 7774. &342. 8886. 
460.0 9183. 8330. 

10786: 
9460. 9212. 9348. 10390. 10494. 

500.0 10830. 9815. 11129. 10850. 11003. 12228. 12698. 

**.......******l**....*..*..~**.*.**~.****~~.**.*.**~******.**~ 
E/A SU TE Bb u PFt sn CD 80 

SO 62 54 67 69 62 44 47 
~.*...I.*..*......~..*.*..........*...*..***.*..****~~***.**... 

2: 12.49 14..41 12.97 14.97 14.02 14.02 14.29 16.27 14.83 16.83 16.60 17.72 14.04 18.24 14.46 18.99 
3.6 14.31 14.96 18.00 18.26 18.81 19.81 20.40 21.23 
4.0 18.22 18.94 19.99 20.22 20.80 21.90 22.66 23.43 
4.6 20.16 20.98 22.01 22.22 22.80 24.01 24.72 26.76 

6.0 

Fig 
6:s 
7.0 

9":: 
10.0 
11.0 
12.0 

16.0 

% 

2: 

40.0 
45.0 
50.0 
66.0 
40.0 

46.0 
70.0 

EE 
1oo:o 

150.0 
200.0 
260.0 

2%: 

400.0 

%?:: 

22.11 
24.10 

E::3 
30.30 

23.02 

:x 
Is:38 
31.68 

24.06 
26.12 
28.23 
30.38 
32.58 

34.46 34.11 37.10 
39.18 40.83 41.80 
43.89 46.74 44.43 
48.78 SO.83 51.78 
53.87 69.12 67.06 

70.23 73.16 74.03 
101.18 105.34 104.11 
134.41 142.17 142.82 
176.39 183.60 184.00 
220.38 229.19 229.52 

279.1 279.2 
333.1 333.1 
391.2 390.9 
463.1 462.6 
618.8 618.0 

664.3 688.2 687.1 
634.7 dbl.3 469.8 
787.4 814.0 816.8 
951.8 988.2 986.4 

1128.6 1171.4 1147.9 

6030: :z:. 

2209. 2260. 

E2: E: 

:EZ: 2%: . z:. 

10695. 10976. 11034. 10370. 10814. 11129. 11242. 11404. 11477. 
12711. 13lVP. 13244. 13174. 12989. 13341. 13607. 13747. 13767. 
14032. 16466. 15688. 16490. 15268. 16472. 16662. 16141. 14148. 

24.24 
24.30 
28.40 

2:;: 

37.20 

2:E 
61.77 
57.01 

73.86 
105.71 
142.13 

%:~!: 

277.5 
230.9 
i-it:: 
614.4 

683.0 
065.1 
803.3 
974.1 

1169.1 

2243. 

E% 

EX: 

8774. 8473. 9144. 9336. 9640. 9792. 9767. 9903. 9834. 10143. 
10643. 10419. 10983. 11206. 11673. 11769. 11714. 11891. 11799. 12170. 
12403. 12263. 12916. 13172. 13403. 13824. 13749. 13379. 13856. 14298. 

~******..*********..***************************...**~****~.*****~.**.. 
In LU TA RF. IR AU PB BI l-a 

49 71 73 76 77 79 82 83 90 92" 
.~*.*..*******...~*.**...*..~***.***.*.*~.*.*...*.**.**.~~**.*....... 

17.01 17.35 17.71 18.09 18.47 18.82 19.27 19.43 20.86 21.30 
19.36 19.77 20.17 20.69 21.04 21.44 21.92 22.08 23.41 24.09 
21.47 22.14 22.68 23.04 23.69 24.01 24.61 24.44 26.31 29.82 
23.97 24.49 24.98 25.47 26.10 26.66 27.08 27.23 28.98 29.63 
24.28 24.86 27.38 27.91 28.41 29.09 29.44 29.79 31.66 32.24 

24.83 24.14 24.91 28.06 28.61 
26.89 28.31 29.13 30.37 30.37 
28.39 30.60 31.39 32.73 X3.35 
31.13 32.74 33.68 36.12 35.78 
33.30 35.02 39.02 37.66 38.24 

37.79 39.71 
42.45 44.68 
47.29 43.63 
62.32 64.88 
57.63 SO.32 

40.83 42.54 
46.82 47.72 
s&y fii.~~ 

41:33 e4:33 

43.30 
48.64 
63.94 
69.57 
46.38 

74.30 77.77 79.78 82.81 83.98 86.42 
106.36 110.48 113.39 117.41 118.87 121.06 
142.10 148.19 161.70 164.78 168.63 141.31 
182.63 190.21 134.69 200.78 202.83 204.24 
227.39 236.60 241.30 243.27 251.62 266.71 

276.3 287.2 
329.1 341.3 

E-l 
610:6 

E‘3 
523:7 

293.6 302.1 
343.3 369.2 
403.1 420.4 
472.9 486.4 
640.8 664.7 

304.8 
392.2 
423.7 

E3 

578.4 699.9 612.0 427.7 632.1 
649.8 473.6 987.1 704.4 703.1 
902.7 831.7 848.1 848.6 874.1 
948.9 1003.4 1022.8 1044.8 1063.1 

1147.7 1188.2 1210.8 1238.6 1246.6 

2217. 2232. 2334. 2382. 2394. 

0853: fS6. 3M;. . 
3728. 

8746. 'ki: 

;z: 7238. 2% 7314: %b 

. 9303. 3324. 
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29.23 
31.84 

zt% 
3a:oG 

44.22 
43.64 
66.08 

tz: 

88.99 
122.90 
163.46 

ZE::; 

%f 
43o:i 
494.4 
666.8 

E.8 
885:3 

m 
8V6:S 

1047.0 1079.6 
1241.6 1276.3 

2443. 
3301. 
6636. 

2%: 

11606. 

E%: 

11758. 
14036. 
16647. 

86.17 
124.40 
166.61 
211.36 
261.82 

314.7 

ZE 
507:1 
678.7 

664.3 

El 
1087:S 
1286.9 

90.34 
127.31 
149.21 

%:Z 

323.1 
383.4 

2%: 
683:4 

664.2 
744.8 
919.3 

::ES: 3" 

%a. 
6706: 
7421. 
9709. 

:kE 
59: 19 
96.26 
71.60 

91.46 
128.74 
170.96 
217.94 
269.40 

326.8 

23 
520:2 
693.2 

;x 
924:3 

1111 .s 
1313.6 

::::c 
10833: 

2% 
37149 
40.17 
42.88 

32.82 

E*T 
457: a 
528.0 
902.2 

4y$ ;;.;4" 

t!o:19 63'43 
60.31 6V:82 
72.43 78.43 

Q2.81 97.61 
130.62 134.89 
173.22 181.47 
220.79 231.12 
273.0s 285.47 

930.0 346.0 
$91.3 409.0 
467.0 477.4 
624.9 660.3 
600.3 427.4 

"7.; go.; 

93(1:3 a74:a 
1124.3 1174.9 
1330.5 1387.4 

2648. 2464. 

1 P 144. 12341. 
1 674. 14732. 
17106. 17342. 

34.97 
37.72 
40.60 
43.32 
46.19 

52.06 
68.10 

x 
77:so 

93.81 
138.40 

:::% 
288:85 

348.7 
413.3 

iEz 
633:8 

715.8 
Bo2.0 
D88.3 

1184.1 
1400.4 

%5: 

Z: 
10329. 

::Et : 
17827. 



F. HUBERT, R. BIMBGT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

Fz#ECTRllIIC !TrOPPIIQ POMR I6 WITS OF nEv/mo/sq au 
64 

ZI 106s 
Jo 

vA qg 2 lZn; 13= 14= 22' 2221 24(31 mm 2F 2ea 3ZCE 3zE 2 4P 4211° 4gBII GG 
**.**..++..~.**...*..*~.~...*.....*.....*.*.....*~**~.~*....*.....***.**~*...*.***.***..***.*......***.**.**~..*...***.**.~.....**** 

3:; 49.64 47.04 47.61 46.72 36.98 36.23 34.42 33.74 34.31 34.94 31.86 31.48 27.33 27.66 26.33 29.20 26.68 26.61 24.99 24.97 23.42 23.47 22.06 22.14 21.10 20.94 20.37 20.63 20.16 20.33 19.42 19.42 17.81 17.42 18.39 18.14 

7:: 44.46 42.44 41.99 43.43 34.27 33.24 32.84 31.90 33.44 32.61 Jo.10 50.86 18.84 29.27 26.29 26.81 26.18 24.71 24.73 24.32 23.24 22.88 21.96 21.46 20.71 20.98 20.44 20.20 20.03 20.26 19.68 19.39 17.93 17.84 18.38 18.24 
4.6 40.41 10.24 32.20 30.92 31.64 29.31 26.43 24.71 24.17 23.84 22.43 21.26 20.34 19.88 19.72 19.11 17.73 18.00 

::: 
t.: 
710 

28 
1o:o 

:::: 

39.66 38.41 31.17 29.96 
30.44 37.08 30.19 29.03 
36.32 36.88 29.26 29.14 
33.91 34.37 28.37 27.29 
32.41 33.14 27.62 29.49 

f-E 
8:61 

::E 

E% 
2:861 

:: fTT 

:*:;t 
2:012 

24.11 
23.60 
22.90 
22.31 
21.76 

16.41 
13.11 

:i*:: 
9:24 

8% 
is:242 
4.861 
4.612 

3.424 

23.32 

fZ9 
21:71 
21.20 

Es4 
1e:cs 

:X9 

16.22 

2% 
10:12 

9.14 

a.39 

20.22 
19.31 
18.48 
17.72 
17.01 

16.22 

4.086 
6.784 
6.278 
4.849 
4.631 

3.413 3.460 

:# 
2:244 

:%i 
2:292 

2.091 2.118 

:%i 
11773 

Xt: 
1.798 

20.82 19.94 19.61 19.34 

E% 
IS:46 

:8-z 
la:70 

:%: 
18:32 

:X-it 
IS:20 

19.01 18.29 17.93 17.81 

19.07 
la.23 
17.46 

:::3 

18.14 17.49 17.14 17.07 
17.37 14.74 14.46 14.34 
14.43 14.06 16.78 16.71 
16.96 16.41 16.14 16.10 
16.34 14.82 14.69 14.63 

14.38 13.76 
12.29 11.77 
10.77 10.33 

t::: ::3; 

8.00 
7.40 

X*E 
4:oe 

7.48 7.46 7.40 7.40 

's% 
4:21 

4.90 4.43 4.84 4.40 
4.01 

6.84 E% . 6.47 

6.749 6.647 
6.484 6.274 
6.004 4.814 

::::t t:::? 

i: :'3: 
2.401 
2.176 
2.009 

3.163 3.046 3.042 3.069 3.038 
2.490 2.402 2.648 2.669 2.626 
2.384 2.287 2.243 2.262 2.216 
2.140 2.071 2.032 2.041 2.008 
1.977 1.913 1.879 1.887 1.867 

18.78 
18.43 
18.08 

XX 

17.61 

:3+ 
14:49 
14.39 

14.42 
16.96 

:zt 
14:20 

13.12 13.08 
11.24 

E 
8:04 

12.79 

'k w 
8172 

,7.93 

12.40 12.21 
10.74 10.64 

9.61 9.31 
8.66 a.37 
7.79 7.82 

7.29 
4.76 
4.31 
6.92 
6.69 

6.390 
6.126 
4.480 
4.320 
4.022 

6.348 6.374 
6.113 

:% 
4:020 

6.301 6.236 
6.046 4.983 
4.414 4.669 

::E ::2+ 

1.793 1.762 1.770 1.742 
1.699 1.470 1.478 1.462 
1.424 1.697 1.406 1.580 

:x: 
:‘B% 
is:41 

16.74 
16.16 
14.67 

:i::: 

30.31 

2-i: 
26:12 
23.80 

26.02 
23.70 

::*3 
x):60 

24.17 21.31 
22.98 20.29 
y; 
20102 

g.g 
17174 

17.78 
16.06 
13.11 

:i:tt 

16.79 
13.40 
11.89 
10.41 

9.41 

7.01 
4.60 

~~~? 
6:39 

10.41 21.63 IS.76 18.11 
18.98 17.87 16.78 16.24 
14.62 16.37 13.47 13.22 
12.76 13.66 12.11 11.72 
11.41 12.18 10.91 10.64 

40.0 10.36 11.07 9.96 9.64 

‘28 
66:o 

t*;t 
a:19 

‘“9. :3 
8181 

x 
7:94 

x4: 
7171 

00.0 7.48 4.28 7.49 7.26 

7.244 7.414 7.072 4.864 
4.WO 7.409 4.710 6.606 
4.222 4.733 4.106 6.920 
6.712 4.190 6.417 6.448 
6.293 6.744 6.214 6.040 

4.331 

X% 
2:462 
2.429 

3.942 

400.0 2.218 2.469 2.243 2.173 
460.0 2.098 2.327 2.123 2.067 
600.0 2.001 2.220 2.027 1.943 

9.42 
8.88 

Ki 
7128 

3.860 
3.211 
2.818 

::::: 

8.41 
7.96 
7.40 

t:ti 

4.176 
6.846 
6.344 
4.927 
4.680 

:.A:: 
4:469 
4.124 
3.844 

2.949 
2.442 

::i:: 
1.821 

3.476 

ZE 
21293 
2.117 

X% 
11794 

1.913 
1.814 
1.734 

1.884 
1.786 
1.707 

1.863 

::;Z 
::E 
1.660 

:%% 
1:992 

1....~~...***..+.**..*****.**..****~*......~****...***.*.....*~*~..**.*.*.**~~.*****~*..*..~*.***.**.****...**~*..*.***~*.***.~.*~.* 

slr = 62m 6? 6.1" 6BpR 82" WcD 87" 8gRl 71Lu 73*' 7SRE ,71R 79*" aZpg 83" 9om 92" 60 
. . . . . . . . . . . . . ..*.*...*.........**.*~..*...**.**...*.*.**.*....*.*.**...*..~..***.**..*.**...*~..~.........****.*.*.****....***~...** 

$2 17.24 14.99 14.21 14.49 18.27 14.64 14.39 14.44 14.66 14.26 16.33 16.44 14.84 16.20 14.04 14.41 13.74 14.13 13.38 13.78 13.13 13.63 12.92 13.32 12.46 12.87 12.30 12.71 12.14 12.67 12.60 12.20 11.49 12.08 11.66 11.94 
17.'29 14.63 14.68 14.70 14.81 16.76 16.30 14.66 14.29 13.96 13.71 13.61 13.07 12.91 12.77 12.80 12.24 12.12 
17.14 14.43 14.48 14.40 14.63 16.70 16.27 14.66 14.31 13.98 13.74 13.66 13.13 12.97 12.82 12.84 12.31 12.17 
14.98 18.26 18.29 14.41 lU.37 16.67 16.14 14.44 14.23 13.92 13.49 13.60 13.11 12.94 12.80 12.83 12.28 12.14 

i:: 14.73 14.46 .14.02 16.74 16.80 14.04 16.91 14.18 10.16 16.89 16.16 16.37 14.76 14.97 14.32 14.14 14.10 13.93 13.80 13.44 13.68 13.43 13.40 13.24 13.02 12.89 12.84 12.73 12.68 12.71 12.41 12.74 12.07 12.19 12.06 11.93 

2: 
7:o 

14.16 16.86 16.48 16.19 16.62 16.23 16.43 lb.34 16.42 16.34 14.91 14.46 14.62 14.28 13.93 13.72 13.74 13.63 13.49 13.24 13.26 13.06 13.09 12.90 12.73 12.64 12.68 12.42 12.43 12.27 12.44 12.30 11.93 11.77 11.79 11.43 
16.64 14.90 14.94 16.06 16.08 14.39 14.03 13.49 13.32 13.08 12.84 12.71 12.38 12.24 12.09 12.12 11.40 11.47 

1o:o 82 

14.94 14.34 14.37 14.48 14.60 13.87 13.64 13.04 12.88 12.84 12.46 12.31 12.01 11.87 11.73 11.76 11.26 11.12 

14.37 13.83 13.79 13.28 13.83 13.31 13.93 13.41 13.94 13.46 12.90 13.37 13.06 12.69 12.69 12.14 12.46 12.03 
12.22 12.04 11.91 11.43 11.60 11.36 11.39 10.89 10.78 
11.82 11.46 11.63 11.24 11.14 11.00 11.03 10.66 10.44 

:::: 13.33 12.80 12.80 12.36 12.83 12.38 12.93 12.48 12.98 12.63 12.02 12.46 12.14 11.76 11.74 11.37 11.63 11.24 11.43 11.07 11.27 10.92 11.14 10.81 10.67 10.91 10.80 10.47 10.86 10.33 10.48 10.36 '"9.;; . 10.11 9.80 

16.0 9.94 9.87 9.44 9.68 9.46 9.47 9.04 8.97 

ito” 7.96 7.09 7.84 7.02 

28 4.42 6.48 8.34 6.82 

2: 8.698 4.219 4.460 6.987 4.011 4.476 4.624 4.064 4.690 4.120 4.364 6.913 4.243 6.802 4.098 6.471 a.003 6.940 6.648 6.984 6.606 6.916 6.870 6.444 6.772 6.374 6.742 6.349 6.964 6.247 6.470 6.281 6.437 6.066 6.388 6.018 
6.610 6.697 6.419 6.443 6.723 6.631 6.424 6.310 6.281 6.216 6.166 6.119 6.037 6.014 4.937 4.96C 4.748 4.706 
6.491 6.262 6.283 6.326 6.383 6.204 6.108 4.999 4.973 4.912 4.867 4.822 4.744 4.728 4.663 4.498 4.474 4.436 
6.169 4.971 4.992 6.031 6.088 4.919 4.830 4.728 4.706 4.448 4.696 4.644 4.493 4.476 4.408 4.418 4.239 4.201 

4.896 4.717 4.737 4.774 4.629 4.470 4.666 4.491 4.469 4.414 4.367 4.337 4.270 4.266 4.188 4.200 4.030 3.994 
4.991 4.492 4.611 4.647 4.900 4.449 4.370 4.281 4.241 4.211 4.146 4.139 4.073 4.069 3.W4 4.008 3.846 3.811 
4.247 4.113 4.130 4.183 4.214 4.077 4.006 3.924 3.908 3.843 3.821 3.796 3.739 3.721 3.969 3.479 3.631 3.600 
3.947 3.404 3.821 3.861 3.499 3.773 3.704 3.437 3.421 3.680 3.641 3.614 3.447 3.464 3.402 3.411 3.276 3.246 

100.0 3.891 3.648 3.644 3.692 3.838 3.621 3.441 3.394 3.381 3.344 3.308 3.287 3.239 3.230 3.180 3.188 3.061 3.036 

160.0 2.823 2.721 2.733 2.764 2.794 2.706 2.661 2.414 2.906 2.679 2.662 2.634 2.602 2.496 2.467 2.444 2.384 2.344 
go:: 2.367 2.078 2.274 2.007 2.277 l-S46 2.296 2.401 2.329 2.032 2.267 1.$74 2.221 1.966 2.186 1.921 1.922 2.178 2.164 I.900 2.134 1.472 2.121 1.849 1.848 2.094 2.088 1.836 2.064 1.804 2.042 1.812 2.034 1.799 1.742 1.970 

EZ:E 1.886 1.744 1.421 1.486 1.801 1.697 1.807 1.473 1.636 1.698 1.793 1.460 1.643 1.776 1.746 1.414 1.744 1.417 1.727 I.699 1.674 1.701 1.674 1.498 1.680 1.667 1.488 1.644 1.622 1.442 1.627 1.448 1.434 1.616 1.686 1.489 

400.0 1.637 1.641 1.696 1.671 1.694 1.669 1.643 1.617 1.619 1.602 1.481 1.474 1.443 1.463 1.431 1.436 1.424 1.381 

:E?:: 1.663 1.466 1.600 1.436 1.446 1.421 1.490 1.424 1.613 1.447 1.479 1.416 1.401 1.494 1.440 1.378 1.442 1.340 1.426 1.346 1.404 1.344 1.403 1.343 1.389 1.330 1.380 I.321 ;:;A; L33; 1.362 1.294 1.312 1.267 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

64 
RAIGE XI USITS Of XO/SQ Q( 75 Ions 

30 

WA BE c fc 
4 4 11 

l .*.**.*.+.*****~*..*~.****, 

::: 4.460 6.343 4.440 6.144 4.332 7.230 

:.: 
4:s 

4.041 4.774 4.427 6.881 4.160 9.098 
7.649 7.404 10.074 

SI CA TI CR FE II aJ GE SE SR 7.a no Fin 
14 20 22 24 24 28 29 32 34 34 40 42 46 4:G 

~*************1 ~....~.**.********.*****.***.***********.*~~.*..******..~ l .*.***.*..** I..*...*..*... 
4.190 7.371 7.990 8.431 8.740 9.090 9.240 9.900 10.230 10.700 10.890 11.081 11.422 11.720 
7.114 8.380 9.166 9.448 10.011 10.370 10.443 11.347 11.760 12.243 12.449 12.718 13.234 13.470 
8.066 9.407 10.335 10.878 11.273 11.464 12.012 12.797 13.270 13.823 14.046 14.349 15.026 16.209 
9.028 10.457 11.639 12.130 12.664 12.900 13.400 14.244 14.804 16.397 15.433 16.891 14.811 16.966 

10.027 11.634 12.772 13.410 13.846 14.289 14.412 15.764 14.343 14.993 17.243 12.453 18.406 18.721 

FE 
8.340 8.219 11.044 11.248 11.067 12.441 14.037 14.721 16.205 16.444 16.254 17.277 17.960 18.418 18.881 18.342 x).424 20.612 
9.209 9.044 12.130 12.363 12.120 13.740 16.334 14.045 19.679 17.034 17.728 18.631 19.670 20.274 20.650 21.042 22.244 22.334 

4:O IO.096 9.943 13.204 13.473 13.214 14.961 14.471 17.446 17.996 16.454 19.237 20.421 21.226 21.946 22.263 22.816 24.133 24.190 
6.6 11.021 10.867 14.317 14.426 14.345 14.164 18.041 18.840 19.428 19.912 20.742 22.047 22.917 23.493 23.992 24.405 28.034 26.082 
7.0 11.944 11.804 16.443 15.818 16.508 17.394 19.449 20.313 20.908 21.403 22.346 23.711 24.447 26.469 26.770 21.433 27.946 28.012 

8.0 14.02 13.80 17.64 18.30 17.94 19.97 22.38 23.33 23.98 24.60 26.64 27.14 26.23 29.11 29.44 30.20 31.94 31.99 

1::: 
14.21 16.94 20.39 20.93 20.60 22.49 26.46 24.50 27.20 27.73 29.08 30.74 31.97 32.92 33.27 34.14 38.07 38.13 
18.54 18.20 23.04 23.70 23.20 26.64 26.68 29.82 30.68 31.12 32.47 34.63 36.67 34.69 37.24 38.23 40.36 40.44 

11.0 21.01 20.40 25.87 2S.92 24.04 26.64 32.07 33.30 34.10 34.44 38.41 39.44 39.94 41.03 41.42 42.49 44.79 44.92 
12.0 23.43 23.13 28.81 23.47 29.02 31.96 36.60 36.92 37.76 39.36 40.32 42.66 44.16 46.33 46.74 44.92 49.39 49.67 

16.0 32.33 31.48 38.46 39.44 38.74 41.84 47.09 49.71 49.72 50.30 62.97 66.79 57.88 59.23 69.69 41.19 64.16 84.63 

Et: 
49.63 47.98 67.16 69.00 67.66 41.60 49.18 71.31 72.69 73.14 77.12 81.03 63.94 86.43 44.14 44.22 91.97 92.82 

30:o 
49.98 67.26 79.01 81.42 79.51 84.36 94.81 97.49 93.05 99.62 106.00 110.14 113.99 116.99 116.67 119.22 123.70 125.19 
93.64 99.47 103.94 107.38 104.61 110.28 123.87 127.14 128.97 129.33 134.49 142.98 147.86 150.14 150.76 1'54.06 159.24 141.61 

36.0 120.14 114.43 131.82 134.18 132.46 139.21 164.23 140.13 142.24 142.45 171.47 179.43 186.42 188.03 186.47 192.40 198.50 201.66 

2:: 
149.4 142.1 142.4 147.9 143.3 171.0 191.8 198.4 194.8 198.8 209.8 219.4 224.4 229.5 230.1 234.8 241.4 246.6 
182.0 172.2 194.1 202.8 194.8 206.7 230.5 236.6 236.6 238.3 251.6 282.8 271.3 274.4 275.1 280.4 267.7 292.9 

sx 
217.0 204.9 232.4 240.0 233.1 243.1 272.3 276.3 281.3 260.6 294.3 309.6 319.3 322.8 323.4 329.5 337.6 343.9 

40:o 
264.6 240.1 271.3 280.1 272.0 283.1 317.0 323.8 327.1 326.2 344.3 359.4 370.7 374.6 375.0 361.9 390.6 398.3 
296.2 277.4 312.7 322.9 313.6 326.8 364.4 372.2 375.8 374.4 396.4 412.6 426.4 429.4 429.9 437.6 447.0 464.0 

66.0 

2:: 

338.1 317.4 354.7 388.3 367.6 371.1 415.0 423.4 427.4 426.8 449.4 499.4 483.2 467.4 467.9 499.3 604.6 514.9 
383.6 369.6 403.2 414.3 403.9 418.8 498.2 477.6 481.8 479.8 604.3 627.8 544.1 648.4 649.0 '668.2 669.2 681.0 
461.4 460.2 503.4 619.6 504.0 621.6 682.4 693.6 696.7 596.8 628.4 466.0 676.0 479.8 480.1 891.0 703.7 716.6 

90.0 589.1 549.6 412.8 832.4 413.3 833.7 707.6 720.4 724.2 722.1 761.8 793.6 817.4 812.7 822.7 636.6 849.9 647.9 
100.0 706.4 464.9 731.1 764.4 731.5 764.6 842.3 867.6 883.6 666.5 906.6 942.9 971.1 976.8 974.6 991.1 1007.3 1028.8 

160.0 1413. 1307. 1444. 1491. 1446. 1484. 1466. 1482. 
:;4: : 

1478. 1770. 1640. 1694. 1901. 1899. 1924. 1961. 
200.0 2304. 2123. 2343. 2417. 

1991. 
2344. 2404. 2673. 2716. 2701. 

260.0 3340. 3076. 3390. g4;. 3399. 3470. 3660. 3931. 
2648. 2937. 3028. 3030;: EX.;: GO;. 3106. 3187. 

3930. 3691. 4102. 4210. 4346. 
300.0 

4676. 
4543. 4144. 4663. 4663. 4887. 6191. 6310. 6279. 6222. 6508. 5634. 6819. 6901. 6884. 5947: ;ttt:. 

360.0 6840. 5315. 8034: 
6128. 

5848. 5878. 5977. 0646. 4618. 4762. 6677. 7040. 7195. 7429. 7542. 7617. 7627. 75861 7821. 

ii%.: 
7237. 

%::. 
7230. 7440. 7271. 7386. 8209. 8441. 8336. 8239. 6464. 6648. 9169. 9306. 

6oo:o *K%: 

9249. 9408. 9343. 9637. 

9323: 1%:: 1::::: lo":::: 10461. 11413. 11944. 11760. 11438. 12247. 12611. 12921. 13131. 13079. 13278. 13142: 13681. 
8879. 9849. 10160. 10015. 9997. 10433. 10444. 10993. 11170. 11127. 11298. 11204 11541. 

. ..*.......*~..+.*...*~.....*..**..**..****...***.**..*~.*..***..*****..*.~.*~**~****.*.*.....~~*.***..*....*.***.**~*...~........~. 
E/A SU TE BA LA PR SI CD 80 RI LU TA RE IR AU PB BI TB 

60 62 64 67 59 42 44 67 49 71 73 76 77 79 82 83 90 92” .*.*.****.****...***.*****..**....*.**.****~.***~.****.*****..*.*.****.***.******.*.*~*..*..*.**.**..~..*...*.********..*~...**.*~.. 

::: 
12.31 12.76 13.81 14.08 14.42 16.37 16.63 14.42 16.77 17.11 17.46 17.84 18.21 18.66 18.99 19.16 20.66 21.00 

1:: 

14..18 14.73 16.76 14.02 16.68 17.44 17.94 18.44 19.06 19.49 19.84 20.27 x).73 21.11 21.67 21.73 23.24 23.72 
14.03 14.47 17.49 17.93 18.49 19.47 20.06 20.87 21.31 21.76 22.20 22.46 23.20 23.60 24.10 24.24 26.87 24.38 

4.6 
17.88 18.41 19.43 19.85 20.42 21.61 22.14 23.07 23.65 24.06 24.63 26.02 26.64 24.07 24.40 28.74 28.47 29.01 
19.76 20.67 21.68 21.79 12.37 23.66 24.26 26.27 26.79 24.36 28.87 27.36 28.07 28.64 29.09 29.23 31.07 31.44 

2: 
21.66 22.66 23.64 23.76 24.33 26.42 29.37 27.50 28.04 26.69 29.21 29.76 30.62 31.02 31.40 31.73 33.49 34.29 

8:: 

23.68 24.64 26.57 26.76 24.33 27.72 28.63 29.74 30.33 30.99 31.68 32.14 32.99 33.62 34.13 34.26 36.32 36.96 
26.64 l4.41 27.41 27.76 28.36 29.86 30.71 32.02 32.84 33.36 33.98 34.59 36.49 34.06 38.49 38.80 38.99 39.66 

7.0 
27.64 28.70 29.49 29.44 30.43 32.01 32.93 34.34 34.99 36.74 39.41 37.05 38.02 38.41 39.28 39.39 41.49 42.38 
29.58 30.83 31.81 31.96 32.63 34.22 36.20 34.49 37.37 38.17 36.88 39.66 40.59 41.20 41.91 42.01 44.43 45.15 

KJ 
33.78 36.20 34.16 35.29 36.84 38.74 39.84 41.51 42.24 43.14 43.94 44.47 46.64 44.61 47.28 47.37 50.03 50.82 

1o:o 
38.16 39.74 40.72 40.79 41.34 43.44 44.46 48.61 47.31 49.31 49.17 49.96 61.25 61.99 62.62 52.90 55.82 54.47 

11.0 
42.49 44.49 45.44 46.46 46.03 48.32 49.S6 61.88 62.54 63.43 64.67 56.41 64.66 67.44 66.66 68.61 61.79 82.70 

12.0 
47.40 49.40 50.33 50.34 50.88 63.37 64.82 67.03 67.96 59.14 40.16 41.04 42.42 83.48 84.46 44.51 67.95 98.93 
52.30 54.49 66.41 66.36 65.90 68.40 60.17 42.67 83.54 94.63 46.92 44.69 88.66 49.60 70.66 70.40 74.31 75.34 

16.0 
20.0 

08.02 70.84 71.73 71.57 72.02 76.38 T1.34 80.28 81.41 63.01 84.36 86.60 47.40 98.70 90.02 90.01 94.69 96.84 
97.71 101.74 102.51 102.13 102.38 104.94 109.68 113.49 114.90 117.02 116.61 120.27 123.08 124.47 124.19 424.20 132.38 134.04 

26.0 131.44 137.01 137.44 137.01 137.00 142.98 144.24 151.19 152.49 165.68 167.85 159.45 183.22 144.90 187.30 t47.11 175.lo 177.19 
30.0 169.48 174.63 177.05 174.10 175.74 183.08 187.30 193.28 196.24 196.64 201.36 203.61 207.88 209.84 212.93 212.42 222.69 225.14 
36.0 211.70 220.18 220.64 219.26 216.63 227.40 232.60 239.61 241.89 246.63 249.18 261.72 264.96 259.22 293.03 242.69 274.73 277.80 

267.4 2S7.6 246.0 286.4 246.2 276.7 281.8 290.1 292.4 297.3 301.2 304.2 310.3 312.9 317.5 316.9 331.4 336.0 
307.2 319.4 319.3 317.3 316.4 327.9 335.0 344.6 347.4 362.7 367.3 580.7 397.8 370.8 374,1 376.4 392.4 398.4 
SO.6 374.7 374.4 372.0 368.7 383.9 592.0 402.9 404.1 412.2 417.6 421.3 429.3 432.6 436.9 438.1 467.7 482.5 

40.0 
417.4 433.7 433.2 430.3 427.4 443.4 462.9 465.0 446.4 475.4 481.4 486.7 494.8 498.2 605.7 504.7 627.2 532.8 
477.7 496.3 496.4 492.1 466.4 604.9 617.3 630.9 634.7 542.6 549.2 663.9 644.2 547.9 570.4 675.2 ~300.7 m.8 

46.0 
70.0 

641.4 582.4 561.4 667.4 663.2 673.7 646.3 900.3 604.4 413.1 420.7 426.9 637.3 841.2 851.0 449.5 478.1 ~84.9 

z:: 

908.4 932.0 830.6 424.1 421.1 643.9 666.8 673.4 477.9 987.4 696.7 701.5 714.0 718.3 729.2 727.4 759.4 747.0 
762.1 741.0 TT9.1 773.4 744.9 794.4 010.0 829.7 834.9 844.2 854.3 863.2 878.2 893.0 .gge.6 894.5 933.3 ~2.4 
908.2 943.0 940.4 933.4 924.7 967.7 976.2 999.2 1006.2 1018.6 1030.6 1038.6 1068.1 1041.6 1077.9 1076.3 1121.7 1132 4 

100.0 1074.2 1117.4 1114.0 1106.4 1094.7 1133.4 1166.0 1161.5 1186.3 1203.9 1217.6 1224.8 1247.3 1253.2 1272.7 1209.5 1324.0 133815 

160.0 2081. 2140. 2152. 

%E 
3331. 3466. 3443. 2627. 2650. 
ye: 4%:. 

ii::. 

3644. 3863. 3981. 4049. 
3oo:o 5469. 6783. 
360.0 8170. 6445: 8600: 7629. 7713. 

9544. 9813. 
400.0 10072. 10428. 10463. 10423. 10274. 10644. 10700. 10892. 10904. 11024. 11171. 11212. 11349. 11414. 11594. 11657. 11746. 12062. 460.0 12074. 12608. 12683. 12614. 12339. 12473. 12841. 13069. 13049. 13214. 13391. 13436. 13595. 13875. IJ$gl. 13847, 14053 14441, 
600.0 14183. 14490. 14788. 14713. 14603. 14887. 16067. 16332. 16339. 16609. 16718. 16783. 15960. 14047. 1629s. 1S2S7. 14474: 18934. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

&BCfnOIIC STOPPIlQ PUUER I9 MITS OF Mw/(aG/sq a0 
69 

GA IOES 
31 

E/A BE 
SC 12 

ffi AL SI CA TI CB n II aJ GE SE SR 
4 

EB 
13 

IID Bn 
14 2G 22 24 ZB 28 29 32 34 38 40 42 46 4" ..*...l*.I.*****+...*...*.*.*.....*~....*****.**...*...*****..****..**...*.*~...~~..~***.*.**.*...*.*~.~~~*.*.****...*.*...***.*...* 

3:: 49.42 61.98 49.91 4t.83 37.67 39.83 36.93 36.27 39.46 36.88 33.21 32.87 28.63 28.72 27.46 27.36 26.00 28.82 26.01 28.07 24.41 24.48 13.09 22.97 21.83 22.01 21.21 21.41 20.98 20.21 18.13 18.88 

:-!I 46.96 44.67 46.93 44.06 36.87 34.82 
21.19 

34.39 33.41 36.00 34.06 29.97 29.46 
20.49 18.68 

32.26 31.60 28.08 27.49 28.30 26.84 26.83 26.44 24.28 23.92 22.93 22.94 21.90 21.34 21.14 20.44 18.71 19.17 19.19 
4:s 42.67 42.26 33.76 21.12 20.93 32.41 33.06 3G.70 29.84 26.87 26.30 24.96 23.48 22.24 21.66 21.30 20.29 18.88 19.06 

20.80 20.63 19.99 18.64 18.83 

i:: 40.84 39.89 40.68 B9.01 32.71 31.70 31.43 30.47 32.09 31.13 29.07 29.88 26.17 26.49 26.28 24.94 24.73 24.14 24.43 23.88 22.99 22.49 21.80 21.34 20.90 20.48 20.43 20.27 19.89 18.33 18.64 
20.04 19.89 19.30 18.08 18.23 

:*: 
710 

37.28 36.80 37.66 39.20 30.74 29.82 29.66 29.69 30.22 29.34 28.28 27.62 24.83 24.19 24.03 23.43 22.99 23.66 23.33 22.79 21.98 21.48 20.68 20.41 20.06 19.92 19.83 19.49 18.93 17.80 17.80 17.66 
34.46 34.94 28.96 27.86 28.61 29.79 23.68 22.86 22.44 22.27 20.99 19.99 19.20 19.22 18.82 19.09 18.70 18.66 18.19 17.61 17.20 17.22 

1o:o x-z 

32.04 32.68 27.36 28.34 29.98 26.43 22.42 21.78 21.39 21.28 20.06 19.08 18.38 18.04 17.93 17.49 18.80 18.68 

29.97 28.18 SO.71 28.99 26.92 24.63 24.97 23.76 26.60 24.36 24.19 23.07 21.38 20.40 20.78 19.84 19.63 20.42 20.32 19.46 19.18 18.37 la.27 17.61 17.91 16.90 17.30 16.01 17.21 18.63 18.77 16.12 16.46 18.01 16.92 16.33 
11.0 26.60 27.46 23.48 22.94 23.23 22.06 19.62 19.00 la.72 18.67 17.63 16.82 18.24 16.97 16.90 16.62 14.91 14.77 
12.0 26.21 26.10 22.43 21.64 22.22 21.12 18.71 18.23 17.98 17.94 16.96 16.18 16.62 16.38 16.32 14.98 14.41 14.26 

16.0 21.96 22.79 19.83 19.14 19.68 18.79 16.08 16.28 16.08 16.07 16.19 14.62 14.06 13.86 13.81 13.61 13.09 12.99 

it: 18.02 16.43 18.96 16.32 16.70 14.60 16.14 14.02 16.81 14.44 16.93 13.90 14.19 12.40 13.87 12.14 13.72 12.02 13.76 12.09 13.01 11.42 12.46 12.09 11.92 10.60 11.89 10.49 11.66 10.29 11.38 10.07 11.16 9.88 

it8 13.66 12.13 14.40 12.93 11.69 12.86 12.44 11.22 12.82 11.67 12.37 11.18 11.06 10.00 1"9..9: . '"9.;; . l",.JX . 10.21 9.28 d"9.g 8:89 '"9.;; 8163 9.42 8.66 9.41 8.66 i*:: . t.5: . 2% . 

3:: 11.01 10.11 11.77 10.82 '"9.:; 1og.g 1"g.;; log.:: 9.16 a.48 X-f: a.92 8.26 0.97 8.30 7.92 

9:oa a.47 8178 8.21 9:oe 8.47 a:79 8.23 7174 7.26 iti: 6:42 

7.87 7.29 7.86 7.29 54 7.07 7.82 8.91 7.44 

iii:: a.72 9.36 10.04 7.87 7.38 7.68 7.20 7.73 7.26 8.80 a.39 6.81 e.39 0:71 6.30 8.81 6.22 0.46 

do.0 8.19 tz . 7.97 7.72 7.97 7.76 6.96 6.93 6.79 8.84 8.08 8.03 8.03 6.96 6.87 E: . 

%:X 7.312 7.719 8.321 7.891 7.633 7.149 7.302 8.931 7.638 7.163 7.330 8.962 8.676 9.247 6.147 6.488 8.429 6.111 8.479 8.160 8.142 6.841 6.906 6.617 6.468 6.739 6.716 6.438 6.721 6.446 6.644 6.373 6.673 6.307 6.447 6.186 

1oo:o %X 

8.934 7.173 8.608 8.309 8.612 8.344 6.696 6.807 6.677 6.624 6.334 6.131 4.986 4.971 4.978 4.916 4.867 4.760 

6.090 6.646 6.123 6.697 6.662 6.988 6.396 6.808 6.669 6.996 6.433 6.846 4.983 6.261 4.810 6.171 4.767 6.144 4.831 6.190 4.683 4.923 4.737 4.411 4.604 4.287 4.692 4.278 4.286 4.900 4.644 4.236 4.186 4.490 4.396 4.099 

160.0 4.238 4.619 4.206 4.082 4.212 4.119 3.708 3.666 3.842 3.880 3.493 3.364 3.270 3.267 3.274 3.241 3.203 3.146 
Et8 3.484 3.048 3.847 3.370 3.601 3.069 3.392 2.974 3.478 3.043 3.006 3.427 3.082 2.706 3.027 2.829 3.038 2.870 3.074 2.703 2.914 2.663 2.871 2.624 2.777 2.442 2.720 2.394 2.731 2.404 2.996 2.364 2.723 2.398 2.317 2.828 

%E 2.749 2.633 3.044 2.808 2.773 2.668 2.667 2.479 2.761 2.636 2.611 2.720 2.446 2.280 2.367 2.178 2.417 2.232 2.447 2.261 2.322 2.146 2.286 2.111 2.211 2.043 2.189 2.008 2.179 2.016 2.144 1.983 2.174 2.010 2.102 1.946 

4Go.o 2.368 2.626 2.396 2.320 2.376 2.361 2.117 2.042 2.092 2.120 2.011 1.978 1.916 1.881 1.890 1.880 1.886 1.926 
460.0 2.239 2.484 2.267 2.198 2.260 2.226 2.006 1.938 1.982 2.009 1.906 1.874 1.814 1.783 1.792 1.764 1.788 1.731 
6G0.0 2.136 2.370 2.164 2.098 2.149 2.126 1.916 1.861 1.694 1.920 1.822 1.790 1.734 1.706 1.713 1.887 1.709 1.666 

1...*...*..*.+*..**..~.....*.**.***.~~.**.~.~.*******..*.**.~.~****~*.***~*~...*~*.**..****.**.*..**~.....****.~*~..**~******.*.***~ 

E/A 6I TE BA LA PB St4 CD 80 m LU TA B6 IB AU PB BI lx 
60 62 68 67 69 82 64 87 69 71 73 76 77 79 82 83 so 92" 

*.*..~1**...1.,1.*1+.*...*.*...*.*~**..**......*.**...*..*~..~.**...*.*.****...***.*...****.*.*.*.......*.*..**.**..~.*****.**.**~.~ 

Z:! 17.69 17.99 16.88 17.19 18.93 17.23 17.06 17.36 16.90 17.24 16.96 18.31 16.46 16.83 14.61 16.01 14.30 14.72 14.39 13.92 14.10 13.66 13.44 13.88 12.96 13.41 12.79 13.24 12.66 13.09 12.68 13.13 12.16 12.68 12.02 12.43 

2: 
4:s 

18.06 17.96 17.26 17.17 17.30 17.21 17.42 17.34 17.33 17.27 16.43 18.40 16.98 16.94 16.18 16.20 14.90 14.94 14.66 14.80 14.30 14.36 14.09 14.16 13.71 13.63 13.46 13.64 13.31 13.39 13.36 13.42 12.78 12.86 12.83 12.70 
17.76 18.99 17.03 17.16 17.11 16.27 16.83 16.12 14.88 14.66 14.31 14.11 13.69 13.62 13.37 13.40 12.83 12.88 

f:E 17.61 17.23 16.60 18.78 16.64 16.80 18.93 16.66 16.89 19.84 16.08 16.88 16.66 16.46 14.98 14.80 14.76 14.69 14.43 14.28 14.06 14.20 14.01 13.87 13.81 13.49 13.46 13.33 13.29 13.17 13.32 13.20 12.83 12.76 12.60 12.49 

t-g 
7:o 

16.93 16.62 16.22 16.93 16.28 16.97 16.38 16.09 16.37 16.09 16.62 16.36 14.97 16.21 14.90 14.38 14.39 14.19 14.10 13.90 13.88 13.99 13.71 13.62 13.34 13.17 13.16 13.01 13.02 12.89 13.06 12.89 12.49 12.33 12.36 12.19 
19.31 16.64 16.68 16.79 16.80 16.10 14.72 14.16 13.97 13.70 13.49 13.33 12.98 12.84 12.88 12.71 12.18 12.02 

1o:o i.8 

16.70 16.06 16.10 16.21 16.23 14.67 14.21 13.89 13.62 13.27 13.07 12.92 12.80 12.48 12.31 12.34 11.80 11.67 

16.11 14.66 14.60 13.97 14.64 14.01 14.04 14.11 14.88 14.16 14.06 13.67 13.72 13.26 13.23 12.79 13.08 12.88 12.94 12.43 12.68 12.26 12.62 12.12 12.22 11.84 12.09 11.72 11.94 11.67 11.96 1l.W 11.46 11.09 11.32 10.97 
11.0 $4.03 13.47 13.61 13.61 13.68 13.10 12.80 12.38 12.26 12.03 11.87 11.74 11.48 11.38 11.22 11.24 10.78 10.64 
12.0 13.66 13.01 13.06 13.14 13.20 12.67 12.38 11.98 11.86 11.66 11.60 11.38 11.13 11.02 10.88 10.90 10.43 10.32 

it: 
26:0 

12.27 10.93 11.79 10.23 10.26 11.83 11.92 10.34 11.98 10.41 11.62 10.02 10.41 9.12 10.19 a.94 10.10 9.97 8.76 9.99 6.77 9.66 8.40 9.46 8.31 
9.41 

E8 VI X% 7144 x-z 7148 x-:i 7:62 

9.23 8.90 7.99 7.82 7.61 7.43 

7.69 8.32 t-s: . 2*:; e:74 3% . 3% . xi 6: 61 9.81 6.24 82 . 

it: 
EE 
do.0 

86.0 

%:: 
SD:0 

100.0 

7.114 8.961 
6.907 6.364 
6.I78 6.961 
6.810 6.697 
6.490 6.290 

6.211 6.021 
4.984 4.763 
4.648 4.381 
4.209 4.064 
3.924 3.782 

a. 877 

Et 
6:820 
6.312 

6.042 
4.803 

6.999 
6.604 

X8 
6:414 

6.082 6.140 4.971 4.881 
4.842 4.898 4.737 4.663 
4.436 4.489 4.343 4.266 
4.104 4.166 4.021 3.961 
3.829 3.878 3.763 3.989 

6.769 6.630 
y: ye: 

6:636 6:433 
6.234 6.139 

6.477 8.439 
8.027 6.993 
6.646 6.616 
.yz3: p& 

4.790 4.767 
4.668 4.637 
4.182 4.183 
yg ys~ 

6.364 8.281 6.234 6.129 6.098 
6.917 6.849 6.808 6.711 6.683 
6.644 6.482 6.442 6.366 6.331 
6.224 6.168 6.129 6.048 6.027 
4.946 4.890 4.868 4.780 4.782 

f%T 
6:249 
4.949 
4.988 

4.700 4.848 4.616 4.646 4.628 4.466 
4.493 4.434 4.404 4.337 4.321 4.264 
4.116 4.070 4.043 3.993 3.970 3.908 
3.916 3.774 3.749 3.694 3.983 3.626 
3.684 3.628 3.604 3.463 3.443 3.389 

4.470 
4.266 

xi: 
I:398 

6.773 6.719 
6.381 6.331 
6.048 6.002 
4.780 4.717 
4.610 4.469 

4.289 4.261 
4.093 4.067 
3.781 3.728 
3.489 3.469 
3.263 3.236 

26o:o ii%*: 
3.011 2.903 2.916 2.940 2.980 2.887 2.839 2.790 2.780 2.761 2.723 2.708 2.969 2.662 2.821 2.628 2,624 2.603 

2.616 2.218 2.142 2.430 2.430 2.119 2.460 2.136 2.486 2.189 2.408 2.108 2.370 2.937 2.332 2.060 2.324 2.061 2.301 2.028 2.278 1.998 2.264 1.996 2.236 1.973 2.228 1.968 2.194 1.927 2.201 1.934 2.172 1.921 2.102 1.860 

%:8 2.013 1.882 1.944 1.799 1.923 1.780 1.930 1.786 1.813 1.968 1.914 1.772 1.896 1.764 1.726 1.862 1.894 1.726 1.843 1.707 1.818 1.883 1.813 1.680 1.794 1.882 1.781 1.061 1.626 1.763 1.769 1.63G 1.748 1.618 1.892 1.669 

1.748 1.888 1.871 1.977 1.702 1.684 1.847 1.920 1.822 1.604 1.681 1.678 1.662 1.661 1.627 1.632 1.620 1.476 
1.968 1.902 1.686 1.691 1.616 1.679 1.683 1.638 1.639 1.623 1.601 1.499 1.483 1.473 1.461 1.466 1.444 1.401 
1.686 1.632 1.617 1.622 1.646 1.611 1.498 1.472 1.473 1.467 1.437 1.434 1.420 1.411 1.389 1.393 1.382 1.342 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

49 
RAlGE II USITS OF lfG/SQ 'J! GA IOIlS 

31 

E/A BG 
4” 12 

nG AL SI CA T I  CR FE II aJ GE SE St 7R HO Rn 
4 13 14 20 22 24 28 28 29 32 34 38 40 42 46 4tc 

*...LIII*.,+*.t..****...*..*********~*********.*******.**.*******.***.*.**..*.*~~..*****.**.*.**.**~***********************.**~..*.* 
E 4.890 6.671 4.490 6.398 7.666 4.428 0.410 7.678 7.443 4.490 8.783 7.720 9.644 8.340 10.074 4.414 10.464 9.180 10.833 9.610 11.120 9.710 11.868 10.380 10.710 12.282 12.820 11.203 11.400 13.034 11.699 ll.S64 12.270 

3.: 
13.834 14.081 

416 

4.287 7.040 8.134 8.901 8.604 9.480 8.689 9.684 8.417 9.418 10.904 9.822 10.782 12.024 Il.344 12.436 11.767 13.079 12.162 13.607 12.634 13.966 13.364 14.888 13.862 16.434 
13.293 

14.432 14.067 14.842 IS.302 14.979 14.473 16.883 16.879 

7.832 7.701 10.488 10.836 10.444 12.014 13.284 13.963 14.428 14.878 16.420 14.406 17.042 17.627 17.702 17.962 18.387 19.380 17.482 IS.603 

4:0 EG 

a.BBl 8.634 11.624 11.718 11.604 13.163 14.696 16.302 16.808 19.273 18.906 17.972 18.877 19.378 19.849 20.128 21.261 21.349 

10.434 9.629 10.303 9.401 12.694 13.701 12.831 13.980 12.696 13.720 14.324 16.627 16.931 17.302 14.486 18.103 17.220 18.848 17.702 19.183 18.422 19.973 19.672 21.206 20.344 22.044 21.081 22.820 21.387 23.119 $ I.898 3.703 23.144 26.089 23.226 26.136 
4.6 11.380 11.239 14.840 16.186 14.879 14.784 18.710 19.667 20.149 20.869 21.641 22.877 23;786 24.697 24.908 26.643 27.024 27.081 
7.0 12.3’33 12.209 14.016 18.386 18.072 18.036 20.164 21.048 21.488 22.191 23.188 24.687 26.643 20.411 20.734 21.421 29.012 29.084 

1010 E 

14.44 14.26 18.47 18.93 18.68 20.48 23.14 24.14 24.82 26.34 24.66 28.12 29.24 30.18 30.60 31.29 33.09 33.16 

18.87 19.04 18.74 14.43 21.04 23.79 21.42 24.44 21.19 23.96 23.44 28.38 26.31 29.42 27.39 30.79 31.68 28.12 28.88 32.16 JO.07 33.76 31.82 36.48 33.07 37.07 34.04 38.13 34.43 38.62 36.33 39.62 41.72 37.33 37.40 41.82 

:::: 21.67 24.23 21.19 23.77 24.84 2S.47 27.44 30.66 24.86 29.89 32.44 29.44 33.08 34.49 34.36 38.06 36.19 38.96 36.77 39.64 37.68 41.67 39.70 43.88 41.24 46.67 44.77 42.37 42.78 47.20 43.49 48.41 46.24 60.97 48.40 61.18 

16.0 33.07 32.28 39.61 40.74 39.81 43.06 48.43 60.09 61.16 61.76 64.60 67.41 69.67 40.97 81.46 42.99 44.04 66.46 
2: 71.31 60.66 48.98 138.86 68.66 80.79 SO.46 83.46 68.97 81.31 83.07 86.32 70.94 97.02 73.13 99.78 101.39 74.44 101.90 76.04 107.61 79.12 112.79 S3.16 114.74 84.18 118.81 87.91 119.42 88.48 122.14 90.67 128.76 94.43 128.28 96.31 

%:: 122.14 96.22 114:63 91 20 104 134141 11 109 138187 43 108.72 136.09 112.88 142.06 124.64 168.43 129 183:43 91 131.81 186.82 132 146:84 20 139 176:06 62 144 183121 18 161 189:34 17 163 192:04 64 164.21 192.71 i67.67 198.73 2Q2:78 142 SO 204:Ol 146 22 

g:i 

66:o 

220.3 184.6 162.0 176.1 208.3 144.6 199.4 238.3 186.8 206.2 244.1 171.1 200.4 237.1 184.3 209.6 247.4 174.3 234.8 277.1 196.6 240.2 283.2 200.2 243.0 284.4 202.7 242.8 286.9 202.7 301.7 264.2 214.0 316.1 223.8 247.8 326.2 274.4 231.1 279.7 328.8 234.1 280.4 329.4 234.8 336.8 286.9 239.6 343.8 244.3 293.3 298.7 360.3 260.6 

268.6 243.9 276.7 284.8 274.6 288.0 322.4 329.3 332.8 331.9 360.3 366.7 377.3 381.1 381.7 388.7 397.7 406.4 
40.0 299.4 281.8 317.7 328.1 318.6 331.2 370.4 378.4 382.1 380.9 402.0 419.6 432.4 434.7 437.3 446.1 464.8 463.9 

2: 342.8 388.7 322.1 384.7 3f32.3 409.3 374.1 422.8 363.1 410.1 377.0 426.3 421.7 476.6 430.3 486.0 434.4 489.4 432.8 487.4 464.7 614.3 474.4 638.3 491.2 662.9 496.6 667.6 496.1 667.9 604.4 616.1 626.6 
647.3 678.4 690.4 

100: Ez 0 
488.0 464.8 610.4 627.1 611.3 629.3 691.4 002.7 807.8 804.8 438.1 666.0 686.3 890.3 890.8 701.8 714.7 729.7 
694.8 714.4 667.0 666.7 421.3 741.0 841.2 744.4 421.9 741.4 642.7 746.3 717.7 864.0 731.0 849.6 738.7 876.9 732.7 870.8 772.9 918.3 806.1 964.2 829.6 847.9 862.8 880.9 

984.9 
834.9 990.7 834.9 990.6 

1006.3 1021.6 1043.4 

160.0 1430. 1323. 1444. 1610. 1483. 1604. 
y:. 3903: ;;m;. 3976: 

1713. 1899. 1792. 1883. 1918. 1926. 1923. 1948. 1978. 2018. 
%:Z 3397. 2334. 3110. 2148. 2370. 

zz. 6910: 

2444. 3636. 2371. 3436. 2430. 3608. 3974. 2768. 2733. 3934. 4148. 2881. 2971. 

2%~ 7272: 

3084. 4394. 3091. 4448. 300;. 

7697. 6948: 

3123. 4497. 3146. 3226. 

E%: 
4600. 4628. 

4691. 6901. 4189. 6372. 4768. 4097. 4632. 6940. 4717. 6040. 8718. 6247. 4891. 6346. 6824. 6334. 4748. 6282. 7116. 6688. 6882. 6SG8. 6033. 
%. . 

6196. 
7608. 7427. 7709. 7906. 

400.0 7312. 046. 7306. 7637. 7348. 7482. 8296. 8630. 9422. 8324. 8777. 8961. 
460.0 

9266. 9401. 9347. 9607. 4442. 9738. 
8811. 7997. 8787. SOe7. 8840. 8911. 9971. 10246. 10118. 9999. 10641. 10766. 11107. 

600.0 
11284. 11243. 11413. 11322. 11881. 

103SO. S420. 10347. 10877. 10410. 10668. 11732. 12088. 11901. 11768. 12393. 12439. 13064. 13288. 13213. 13416. 13297. 13721. 

I.I.CI**.*.C*+*******.......****************.**.***.**.*.*.**.****..*~*..*...***.*~*....*..*.**..****..*..**...***.*.****....*.~~..~ 
E/A SI TE 8A LA PR Stl CD ED ‘RI LU TA Rx m  AU w BI 

60 
Ill 

62 64 67 69 42 44 47 89 71 73 76 77 79 a2 a3 90 92” 
..*.~*.***E.......CI.~....*.*.......*....~*.......*...~*****.*.*.*.***...***~**.*.~**.*....~~~..**.....***..*..*~..*...~~.*.*...~*.* 

2.6 12.89 13.38 14.44 14.73 16.29 14.08 16.66 17.14 17.63 17.89 18.24 18.46 
3.0 

19.04 19.40 19.88 20.03 21.48 
14..82 

21.96 
16.40 14.47 18.74 17.30 18.21 la.76 19.49 19.91 20.33 20.74 21.17 21.88 22.06 22.64 

18.73 
22.70 24.27 24.77 

17.40 18.47 la.72 19.30 20.32 20.92 21.77 22.23 22.71 23.17 23.84 
18.86 

24.21 24.83 26.16 26.30 
19.41 

24.99 27.62 
20.47 20.70 21.29 22.42 23.08 24.04 24.64 26.08 26.68 28.08 27.10 

20.68 
28.73 27.73 27.88 29.88 30.24 

21.43 22.48 22.70 23.30 24.63 26.26 24.32 24.84 27.44 27.98 28.62 29.24 29.73 30.31 30.46 32.34 32.94 

2 22.64 24.62 23.47 26.64 24.62 24.69 24.73 26.78 26.33 27.38 24.66 28.82 27.44 29.68 30.93 28.81 31.64 29.18 29.02 32.22 30.40 30.97 31.77 32.29 32.89 33.03 36.08 36.48 

i:: 
32.86 

26.64 28.40 27.46 29.80 
33.46 34.32 34.84 36.60 36.83 37.78 

28.89 30.83 28.87 30.99 29.47 31.60 31.01 33.24 
38.43 

31.91 34.20 33.27 33.92 34.68 36.32 36.96 36.89 37.41 38.13 38.24 40.63 
36.86 

41.21 
36.33 37.12 7.0 30.70 37.82 31.99 33.74 38.48 39.49 40.10 40.80 33.02 33.14 36.61 40.92 36.62 38.07 38.78 43.31 44.02 39.42 

40.38 41.06 42.13 42.77 43.60 43.81 46.12 44.87 

1o:o E 
36.01 38.48 37.60 37.81 38.21 40.14 41.29 43.03 43.80 44.74 46.66 
39.49 44.14 44.00 41.16 

46.31 
42.14 46.99 42.24 47.04 42.83 47.62 

47.62 48.22 49.02 49.12 
44.98 49.98 46.23 61.36 48.14 63.48 

61.88 62.70 
44.99 60.02 SO.92 61.74 63.08 63.86 64.72 64.80 
64.36 

67.82 68.70 
66.48 

:::: 48.97 63.98 
64.48 

61.03 66.24 62.01 67.21 62.02 67.18 62.68 67.72 SO.61 66.16 
67.34 68.82 

42.13 64.46 68.m 
69.44 40.69 40.44 

69.89 81.13 82.18 63.12 84.74 46.42 68.86 W3.70 
44.81 05.02 

43.94 70.24 44.89 71.27 
44.96 68.09 89.09 70.84 71.79 72.89 72.93 76.77 77.88 

16.0 70.06 72.98 73.89 73.74 74.20 77.47 79.48 82.73 20.0 100.34 83.91 86.66 104.48 84.94 88.12 106.30 104.91 106.18 109.87 90.29 91.42 112.69 92.79 92.79 97.61 
118.08 

98.02 
26.0 114.61 134.90 120.28 122.10 140.41 123.81 141.11 140.46 140.46 144.49 128.61 127.94 129.82 

149.98 
166.03 

168.78 
129.73 136.10 137.81 

30.0 173.80 169.66 141.88 180.81 181.17 180.21 179.88 187.38 103.73 187.40 191.71 197.86 149.14 171.61 171.41 179.82 
199.89 

181.78 
36.0 218.30 203.28 204.14 224.97 226.37 224.04 223.36 232.42 208.38 212.86 214.89 237.46 244.93 247.28 218.03 217.72 227.94 230.69 

261.32 264.78 267.37 262.73 246.06 288.98 268.62 280.98 284.11 

242.9 273.3 273.8 271.9 270.7 281.6 287.7 294.2 298.8 303.8 313.3 326.4 307.4 326.7 310.4 323.4 321.9 334.6 341.7 318.9 319.6 324.3 361.4 323.7 338.6 342.2 
307.3 

364.4 
369.9 381.7 379.0 374.8 384.6 348.0 381.6 391.3 376.3 399.4 

410.8 
378.2 383.8 383.1 

413.9 420.1 
400.4 404.7 

424.9 426.6 441.8 438.1 436.3 429.4 441.1 461.8 437.7 440.9 447.6 461.2 473.8 
477.3 

444.8 498.7 471.4 
40.0 484.0 484.3 606.0 604.3 WC.8 497.2 490.4 494.8 616.9 607.8 

628.6 640.4 
604.1 616.2 614.2 

644.3 
637.1 642.4 

662.2 669.1 643.9 674.4 678.1 684.9 686.4 811.8 817.8 

%8 418.4 660.4 042.4 672.0 671.0 641.1 636.4 607.0 831.6 602.7 664.7 683.4 SS7.9 696.4 410.7 416.1 823.8 631.6 434.8 448.4 462.6 682.4 
S84.7 

880.9 
(189.3 4SS.0 707.6 

890.1 897.0 

loo:0 it: 

783.9 793.3 7Sl.4 786.7 T18.8 807.0 713.4 822.9 726.1 730.6 741.8 842.9 848.3 740.0 T12.4 

1091.8 921.8 

869.8 

1133.8 967.2 
870.1 

7180.1 

1130.2 964.4 1121.7 947.6 
877.1 

1110.8 938.7 1160.0 S72.3 
892.4 897.3 

9Sl.l 1014.6 
911.1 909.0 

1020.4 1034.1 
S48.6 967.7 

1048.3 1064.6 
1172.0 

1072 4 1077.9 
1198.9 1206.8 1286:8 

1084 4 1092 0 
1221.4 1236.4 

1139 2 
1246.0 

1160.1 
1271.8 1291:8 l2S8:4 1343:E 1364.6 

260:0 %z 
2108. 

k%t 6014: 
21a0. 2143. 2138. 2211. 

3370. 
2261. 

ZKF 
4723: 

%Z. 
4SSS;: 

2% .Et 
2379. 

368S. 
2414. 

ii::. 
2443. 2468. 2680. 2683. 

6148. 
3910. 3899. 4030. 4098. 

2%: 4708. 8664. 6686: 7196. 

8691. 441s. 

4785: . 4838;. z:- 7230: Ez* 7326: 7361. 6610: %:: 7464. 6679. 7413. 6726. 7799. 6849. . 

. . 9210. 9328. 9377. 9624. 9496. 9388. 9920. 

400.0 10172: 10638. 460.0 10694. 12200. 10633. 10386. 10874. 10814. 11008. 12838. 
12S47. 

12487. 11020. 
12716. 

11143. 11290. 
12804. 12946. 

11331. 
13194. 13200. 

11489 13738: 11636. 11717. 11871. 12i90. 
600.0 14329. 14842. 

14940. 14846. 14462. I6041. 
13363. 13631. 13678. 

16223. 16491. 
13819. 14037. 

11880 13993: 
14201. 14692. 

16498. 16470. 16881. 16931. 16118. 14213. 14449. 14417. 10846. 17110. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

74 
ELECTROIIC STOPPIIG WVER II UIIIS OF KW/tNG/SG CX) GE IOlS 

32 

WA 98 
4 

4c 
L.*..I*.++*.*.~..*..~ 

$3 64.44 61.83 61.71 49.96 

110 AL 51 CA lz CR FE II aJ CL SE Sri 
12 13 14 20 22 24 26 20 l9 32 34 38 

~~..*.*....*..*****.*.**..*~....*.~.*.*******~.*.*******.*.*~***...*.****..****~*.*** 
38.17 37.46 38.00 34.68 29.90 28.67 21.74 27.07 26.39 23.89 22.71 22.06 
38.46 36.81 37.41 34.27 29.74 28.60 27.74 27.14 26.61 24.06 22.82 22.30 
37.48 36.92 36.64 33.60 29.30 28.14 27.44 26.96 26.32 23.92 22.84 22.26 
36.42 34.94 36.40 32.91 28.71 27.43 26.98 26.64 24.97 23.41 22.69 22.03 
36.33 33.92 34.69 32.10 28.04 27.04 28.44 28.07 24.63 23.23 22.26 21.72 

m HO 
40 42 

.**.*.**.****. 
21.81 21.02 
22.Of 21.30 
22.03 21.30 
y; g.;; 

RI! AC 
46 4? 

l *.*..*.*...* 

18.86 19.43 
19.32 19.96 
19.60 19.99 
19.49 19.87 
19.34 19.46 

8.0 

1::: 

:::: 

16.0 

f:: 

it':8 

40.0 
46.0 

Et: 
6o:o 

46.0 
70.0 

ii*: 
1oo:o 

160.0 
200.0 

2%: 
3so:o 

%%*8 
600:0 

42.77 42.67 34.27 32.91 33.69 31.24 27.38 20.42 26.84 26.64 24.04 22.19 21.86 21.36 21.18 20.64 19.16 19.38 
40.94 40.96 33.23 31.94 32.42 30.44 24.49 26.79 26.27 24.99 23.63 22.33 21.43 20.36 20.80 20.19 18.90 19.O6 
39.27 39.46 32.24 31.00 31.48 29.43 26.02 26.17 24.47 24.43 23.02 21.86 20.99 20.64 10.40 19.81 18.42 18.73 
3?.73 38.06 31.29 30.10 30.78 28.86 26.34 14.64 24.09 23.88 22.61 21.38 20.66 2O.13 19.99 19.43 18.33 18.39 
36.32 s.76 W.40 29.26 29.93 28.10 24.73 23.96 23.62 23.34 22.00 20.92 20.12 19.72 19.69 19.06 14.02 18.04 

33.81 34.41 18.74 27.48 28.34 26.70 23.64 22.84 22.46 22.31 11.04 10.02 19.28 16.92 18.81 18.31 17.41 17.36 
31.44 32.34 27.24 26.24 26.92 26.42 22.44 21.61 21.46 21.36 20.14 19.18 18.49 18.14 18.04 17.40 14.80 14.71 
298.74 Jo.64 26.93 24.B9 26.43 24.24 21.46 20.88 20.64 '20.44 19.31 18.41 17.74 11.46 17.37 14.94 16.22 18.10 
28.12 28.97 24.73 23.84 24.46 23.21 20.64 19.99 19.49 19.64 18.64 17.69 17.07 16.79 18.72 14.32 16.68 16.62 
26.46 27.66 23.64 21.80 23.41 22.24 19.70 19.19 18.92 18.88 17.83 17.02 16.44 16.18 16.12 16.74 16.16 14.99 

23.14 24.09 20.92 20.20 20.74 19.61 17.69 17.17 16.96 16.84 16.01 16.31 14.80 14.80 14.65 14.23 13.?9 13.68 
19.10 10.06 17.46 17.06 11.66 14.63 14.99 14.66 14.4s 14.62 13.74 13.16 12.73 12.69 12.66 12.31 12.00 ll.n 
14.37 17.29 16.34 14.84 16.26 14.70 13.11 12.64 12.72 12.76 12.07 11.67 11.22 
14.39 16.26 13.62 13.16 13.69 13.10 11.70 11.47 11.37 11.42 

'"923: . '"9.;; . 1Og.t: . 

1;:;; 1;.;g 

9:06 

'"9.;; 

8191 

lo& y; 

12.88 13.71 12.29 11.90 12.27 11.86 10.60 10.40 10.31 10.36 9.07 6:76 e:ss 

11.70 12.49 11.22 10.87 11.21 10.66 9.71 9.63 9.46 9.61 9.01 8.39 8.34 6.34 t*t: 8.07 7.89 
8.97 8.61 8.76 8.60 8.34 7.76 7.73 7.60 7.33 

P*XZ 
7138 

7.70 8.21 % 8.21 7.78 7.30 6.82 7.26 7.22 

x: 

7:21 T% . sz . 
6:79 7112 6.69 7.02 6.60 6.86 6.46 

7.26 6.69 6.43 6.41 6.32 6.24 6.09 

6.209 8.643 8.006 7.760 6.009 7.766 4.967 6.873 6.831 6.663 6.626 6.274 6.096 6.071 6.078 6.996 6.920 6.786 
7.777 8.388 7.600 7.366 7.604 7.399 6.640 6.633 6.496 6.646 6.207 6.969 6.800 6.779 6.766 6.709 6.636 6.612 
7.067 7.627 4.919 6.709 6.926 6.746 6.067 6.842 6.929 6.979 6.471 6.466 5.301 6.286 6.292 6.226 6.163 6.060 
6.480 7.016 6.370 4.176 4.377 6.217 6.686 6.499 6.471 6.620 6.236 6.038 4.894 4.663 4.891 4.832 4.776 4.673 
6.007 4.613 6.918 6.741 6.926 6.780 6.196 6.117 6.093 6.139 4.876 4.692 4.661 4.661 4.669 4.606 4.463 4.360 

4.613 4.917 4.478 4.347 4.486 4.386 3.947 3.892 3.877 3.918 3.719 3.682 3.482 3.476 3.486 3.460 3.410 3.349 
3.711 4.096 3.728 3.413 3.705 3.460 3.282 3.224 3.236 3.274 3.104 3.056 2.967 2.696 2.906 2.670 2.900 2.799 
3.246 3.689 3.249 3.148 3.242 3.204 2.883 2.800 2.844 2.879 2.730 2.469 2.601 2.650 2.661 2.618 2.664 2.466 
2.929 3.242 2.966 2.843 2.930 2.898 2.408 2.611 2.674 2.407 2.473 2.434 2.366 2.311 2.322 2.264 2.316 :.;-2; 
2.488 2.989 2.726 2.441 2.704 2.676 2.408 1.321 2.376 2.409 2.286 2.249 2.176 2.137 2.147 2.113 2.141 . 

2.623 2.797 2.662 2.472 2.632 2.606 2.264 2.174 2.229 2.268 2.143 2.106 2.040 2.004 2.014 1.982 2.009 1.944 
2.384 2.646 2.416 2.340 2.397 2.371 2.137 2.063 2.112 2.140 2.031 1.997 1.933 1.900 1.909 1.860 1.906 1.644 
2.276 2.626 2.304 2.233 2.269 2.266 2.041 1.973 2.018 2.046 1.942 1.908 1.647 1.617 1.826 1.797 1.821 1.764 

++1~.**+..*..****.1....*..~.*...*.~**...**.~**~......*.**..*~~..**~*****.~..***.***~...~~******.*.**~...**...*........* 

wA 60% 62= bdBl .5T" SSm 62" 134'~ 67" 6SM 71Lu 73T' 7tRE 77* 79'" SZm 63" 
*+****+..L~*L.L.+I+*..*.*.*....~~...*..*....~*******....**~.~**~.~.******......***.....******~****~.*.....*......*~*.. 

2: 16.38 16.'73 17.64 17.89 17.69 17.93 17.72 16.06 17.94 17.67 16.97 16.67 16.06 16.47 16.17 16.62 14.66 16.31 14.93 14.41 14.19 14.66 13.96 14.44 13.46 13.96 13.29 13.77 13.14 13.62 13.66 13.16 

2: 
4:6 

16.60 18.72 17.97 17.90 17.96 18.02 18.16 18.06 18.06 18.01 17.11 17.10 16.62 14.62 16.81 16.64 16.62 16.67 16.16 16.22 14.89 14.94 14.67 14.76 14.20 14.29 14.11 14.02 13.66 13.96 13.90 13.99 
16.63 17.74 i7.78 17.91 17.68 16.98 16.62 16.77 16.62 16.18 14.93 X4.72 14.29 14.11 13.96 13.96 

. . . ..I......1 
M u 

90 92 
.*.*****.*..* 

12.63 12.49 

:x :::z 
13139 13.24 
13.36 13.23 

2: 18.01 18.29 17.61 17.16 17.29 17.66 17.68 17.42 17.64 17.39 16.80 14.68 16.14 16.36 16.64 16.47 16.40 16.24 14.92 16.07 14.68 14.63 14.60 14.63 14.09 14.21 14.04 13.92 13.76 13.68 13.91 13.79 13.20 13.31 13.06 13.16 

17.71 16.97 17.01 17.13 17.12 16.33 16.91 16.26 16.06 14.74 14.61 14.33 13.94 13.78 13.62 13.66 13.06 12.91 
17.40 14.67 16.71 14.64 16.84 16.07 16.67 16.06 14.64 14.66 14.32 14.16 13.76 13.61 13.46 13.40 12.90 12.76 
lT.06 16.38 16.42 16.64 16.66 16.61 16.41 14.82 14.63 14.34 14.12 13.96 13.69 13.44 13.27 13.30 12.73 12.66 

1o:o 2 

16.46 16.79 16.82 16.94 16.96 16.27 14.90 14.36 14.17 13.91 13.70 13.64 13.21 13.06 12.90 12.93 12.37 12.23 

16.66 16.29 16.21 14.6? 16.26 14.71 16.34 14.62 16.40 14.86 14.24 14.76 14.39 13.91 13.88 13.43 13.?2 13.29 13.47 13.26 13.13 12.82 12.88 12.62 12.66 13.06 12.66 12.73 12.43 12.30 12.14 12.17 ::z x: 

:::: 14.26 14.76 14.14 13.66 14.20 13.72 14.30 13.62 14.38 13.68 13.77 13.32 13.46 13.01 13.00 12.69 12.87 12.47 12.26 12.64 12.47 12.09 12.34 11.98 12.04 11.70 11.94 11.69 11.76 11.43 11.61 11.46 11:30 10.97 11.16 10.86 

16.0 
ii:: t9 7:86 

2: 7.13 6.64 

2:: 7.640 7.007 7.261 4.?49 7.269 4.776 7.344 6.626 6.697 7.418 7.163 6.663 .7.026 6.636 6.863 6.391 6.823 6.366 6.734 4.273 6.666 6.202 4.606 6.164 6.066 6.496 6.461 6.026 6.363 6.934 6.380 6.949 4.117 6.706 6.069 5.662 
6.666 6.314 4.339 6.389 6.467 4.139 4.123 5.989 6.967 6.862 6.816 6.774 6.480 6.665 6.668 6.683 6.366 6.306 
6.147 6.941 6.966 6.012 6.078 6.876 6.767 6.643 6.414 6.644 6.482 6.444 6.367 6.336 6.262 6.266 6.062 5.006 
6.830 6.417 6.640 6.686 6.749 6.668 6.467 6.342 6.316 6.261 6.192 6.156 6.076 6.065 4.977 4.990 4.788 4.746 

%8 6.2?4 6.636 6.082 6.333 6.366 6.103 6.396 6.144 6.460 6.204 6.280 6.033 4.943 6.186 4.843 6.077 4.620 6.063 4.992 4.743 4.937 4.711 4.903 4.479 4.607 4.827 4.609 4.691 4.734 4.619 4.747 4.631 4.666 4.348 t.5;; 

1oo:o EEl 

4.832 4.667 4.6-t? 4.714 4.771 4.616 4.636 4.446 4,416 4.3.74 4.326 4.298 4.233 4.219 4.163 4.146 3.997 3:962 

4.472 4.1'73 4.311 4.023 4.329 4.040 4.364 4.0?3 4.416 4.126 4.276 3.992 4.201 3.924 4.120 3.960 4.102 3.834 
4.064 4.012 3.986 3.927 3.916 3.864 3.666 3.710 3.676 
3.791 3.761 3.726 3.672 3.662 3.604 3.614 3.470 3.440 

:EE 
260:0 

3.206 2.479 3.091 1.687 3.104 2.688 3.129 2.609 3.173 2.647 3.073 2.646 3.023 2.624 2.970 2.483 2.969 2.4'16 2.929 2.461 2.426 2.696 2.681 2.411 2.841 2.360 2.634 2.373 2.790 2.337 2.796 2.344 2.666 2.313 2.664 2.236 
2.363 1.282 2.167 1.176 2.310 2.246 2.123 2.184 2.186 2.161 2.129 2.126 2.102 2.066 2.063 2.060 2.046 1.981 

:I:: 2.144 1.964 2.071 1.917 2.049 1.896 2.066 1.9O3 2.064 1.932 2.035 1.888 2.019 1.849 1.984 1.838 1.986 1.839 1.963 1.819 1.936 1.793 1.932 1.79G 1.911 1.771 1.897 1.769 1.867 1.731 1.674 1.737 1.660 1.724 1.802 1.671 

E: 
soo:o 

1.862 1.767 1.799 1.?07 1.?61 1.690 1.187 1.696 1.814 1.721 1.?73 1.483 1.766 1.666 a.?26 1.636 1.726 1.840 1.422 1.709 1.686 1.400 1.462 1.697 I.864 1.661 1.663 1.670 1.627 1.S46 1.633 1.661 1.620 1.638 1.671 1.493 
1.490 1.632 1.41? 1.422 1.447 1.6IO 1.694 1.646 1.670 1.663 1.631 1.628 1.613 1.603 1.460 1.466 1.472 1.430 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

74 
RADGE II IJlITS OF ffi/SQ Ql GE IOPS 

32 

WA BE 
gc 12 

10 AL SI CA l-I CR FE 61 
4 13 14 20 22 24 26 20 

..*.*..*~,+.***..,*.*...**.*.***...**...**.***.**.***.., ~*...***+*+*****.****~ 
2.6 6.100 4.830 6.913 6.830 6.760 8.042 8.710 9.182 9.640 3.910 
3:: 6.628 6.736 6.373 6.616 7.856 8.940 6.303 7.666 8.740 7.740 10.204 9.116 11.202 9.349 11.783 10.478 10.872 12.212 12.640 11.273 

::: r1.236 8.106 7.159 7.378 10.872 9.841 11.022 a.947 10.620 3.766 11.316 12.464 12.477 13.781 13.110 14.463 13.672 14.357 14.022 16.428 

;:t 

;:; 

8.0 9.0 
10.0 

:::: 
16.0 

:::: 
Ei 

Zi:: 
60.0 
65.0 
60.0 

66.0 
70.0 
60.0 
90.0 

100.0 

150.0 

EE 
3Go.o 
360.0 

400.0 
460.0 
600.0 

.*.**.a 
E/A 

. ..*.** 
2.6 

::: 

::i 

6.351 
3.636 

x: 
12:720 

33.74 
61.43 
72.43 
96.60 

123.83 

164.0 146.6 166.2 173.7 166.9 177.1 198.7 203.6 206.0 206.1 217.6 227.6 
187.1 177.6 202.6 209.2 203.3 212.7 236.4 243.9 246.7 246.6 260.3 272.0 

236.0 238.1 238.6 243.6 250.6 

222.9 211.0 233.6 
280.8 284.2 287.3 2aO.6 

247.6 240.4 261.0 281.1 287.4 290.8 290.1 306.2 319.9 
238.1 

261.6 246.3 273.4 286.6 280.3 292.0 326.9 334.0 337.6 336.7 366.3 371.0 
330.1 333.8 334.6 340.8 349.1 

302.7 285.2 321.8 
392.7 386.7 387.3 394.4 

332.3 322.7 336.6 376.6 383.6 397.3 386.2 407.5 425.3 
403.6 

438.7 442.3 443.6 461.4 401.2 

346.6 
332.8 
492.8 
502.4 
721.2 

1442. 
2362. 

%: 
6944. 

7364. 
8873. 

10462. 

D..,..,. 

sll 
60 

,.*..*.a 
13.42 
16.41 
17.38 
19.36 
21.34 

8.830 
9.716 

10.637 

::%Y 

32.93 
49.31 

z:1 
116: 23 

326.9 

z& 

672.4 

1336. 
2166. 
3136. 

‘2;: 

6594. 

EX: 

1.*.*.+* 
TE 

62 
,***+*.* 

13.93 
16.01 

XI 
22:21 

12.123 11.906 13.622 16.116 16.847 16.372 16.661 17.616 
13.271 

18.626 
13.023 14.822 16.484 17.264 17.619 18.326 13.071 20.266 

14.447 14.174 16.064 17.863 16.716 19.301 19.823 20.660 21.341 
16.868 16.369 17.313 13.323 20.206 x).819 21.366 22.286 23.663 
16.306 16.678 18.613 20.807 21.730 22.373 22.322 23.949 26.402 

13.03 
21.68 

xt 
30:45 

13.61 19.12 21.32 23.87 24.89 26.69 26.17 27.33 29.02 
22.26 21.60 24.16 27.10 26.21 26.97 29.66 30.98 32.73 

30.16 31.12 31.48 32.30 

26.14 24.62 27.14 30.47 31.68 32.43 33.10 34.74 38.73 
34.06 36.11 36.60 36.42 

26.17 27.67 30.26 34.00 35.31 36.17 36.73 38.66 40.64 
38.17 39.27 33.67 40.71 

31.36 30.67 33.62 37.66 33.09 40.01 40.64 42.72 46.10 
42.42 43.63 44.02 46.16 
49.84 46.08 48.63 49.78 

40.46 41.71 40.76 44.12 43.62 61.34 62.43 63.07 66.66 56.88 
69.78 61.73 60.22 64.46 72.60 74.76 76.12 76.73 60.31 86.06 
82.33 

107.97 
86.06 62.87 98.03 98.36 101.78 103.44 103.96 109.71 116.12 

111.66 108.60 114.74 126.63 132.32 134.27 134.70 142.16 148.98 
136.81 141.16 137.31 144.48 162.16 166.26 168.60 168.76 178.13 188.46 

386.8 
414.2 
616.4 

%:t: 

378.7 387.6 241.9 427.1 436.9 440.0 438.6 482.8 482.7 
427.7 

497.8 602.2 602.8 611.6 
416.0 430.6 

622.2 
481.6 491.1 496.6 493.6 620.9 643.2 660.0 664.7 656.2 674.6 

633.1 617.2 636.6 698.3 609.9 616.0 
686.2 

612.1 946.8 673.1 
546.2 626.6 

633.6 696.8 699.1 710.4 723.6 
649.9 726.7 733.2 746.1 741.0 791.8 814.4 

772.6 749.1 TT3.6 
833.1 844.6 844.7 667.9 672.7 

863.2 879.9 896.4 660.1 928.4 966.7 996.8 1001.7 1001.6 1016.6 1033.4 

1623. 1477. 1618. 1691. 1719. 1729. 1716. 1808. 1881. 
2464. 2390. 2460. 2727. 2770. 2762. 2766. 2906. 2996. 
3662. 3463. 3636. 3934. 
4734. 4867. 4763. 6287. EL?:. 

4006. 3966. 4182. 
6377. 6319. 5609. E:. 

8142. 6383. 6066. 6766. 6942: 8876. 6798. . 7168. 7327 : 

7368. 
8843. 

10419. 

I*****.. 
BA 

66 
I......, 

16.06 
17.13 
19.19 

::::t 

7632. 7339. 7618. 8366. 8690. 8484. 8387. 8841. 9027. 
9132. 8902. 9036. 10042. 10338. 10191. 10071. 10617. 10832. 

10762. 10483. 10632. 11816. 12174. 11986. 11841. 12491. 12729. 

‘***.******.**+**.*....*.****.***.~******.****.**.**.***..*..~., 
LA Pit sn GD 00 ln LU TA RF. 

67 69 62 64 67 69 71 73 76 
.l...t***..,.**.....*****.*..*.******~*.*~*****.*..**.......~., 

16.34 16.92 16.76 17.24 17.88 18.26 16.63 19.01 13.42 
17.41 18.00 18.96 19.61 20.28 20.70 21.14 21.67 22.02 
19.46 20.06 21.12 21.74 22.63 23.10 23.50 24.07 24.66 
21.43 22.11 23.26 23.37 24.96 26.48 26.03 26.66 27.07 
23.66 24.17 26.46 26.20 27.30 27.86 26.46 29.02 23.68 

aJ GE SE SR n NO RH 
29 32 34 36 40 42 46 4? 

~.*.C**.*+.+.C*****~***.****~ '*++**.+********~++****.*.** 
10.120 10.800 11.160 11.673 11.880 12.467 
11.672 12.342 12.780 

jl2.087 12.780 
13.333 13.664 ‘13.834 

13.027 13.883 
14.332 14.647 

14.336 14.399 16.241 16.663 
14.438 

16.298 
16.439 

16.438 
16.024 16.663 16.927 17.312 16.194 

16.992 17.016 
18.363 

17.674 i8.360 18.632 19.073 20.096 20.226 

19.362 20.078 20.384 20.860 
21.001 21.827 22.127 ,22.677 
22.806 23.610 23.323 (24.626 
24.667 26.429 25.766 Gtt.412 
X.406 27.267 27.624 ‘26.336 

61.03 62.66 63.04 64.63 
89.13 83.33 SO.60 92.67 

119.16 121.30 121.33 124.71 
164.06 166.63 167.20 160.63 
192.71 136.49 196.13 200.30 

1936. 1344. 1941. 1987. 
3090. 3118. 

ii::. 
3160. 

4429. 4484. 
6327. 6012. 6334: 

4633. 
6080. 

7664. 7660. 7664. 7767. 

9323. 9470. 9436. 3677. 
11187. 11387. 11324. 11496. 
13146. 13360. 13307. 13610. 

I***.L.*.**+**.+***.*~~*.***, 
IR AU PB BI 

7-r 79 82 83 
I.*.*.*+.*...**~.*,.****~**., 

19.83 20.20 20.68 20.86 
22.62 22.33 23.44 23.61 
26.16 26.63 26.13 26.29 
27.76 28.22 28.73 26.34 
30.33 30.84 31.44 31.69 

22.019 
23.993 
26.336 

E% 

34.16 34.21 
38.48 38.66 

3% 
62:40 

x: 
62:60 

ii.:; 
129: 43 
160.09 
2G6.43 

68.16 
97.63 

131.00 
168.46 
209.77 

264.9 
303.6 
366.8 

x: 

E: 
73818 
891.3 

1066.4 

1996. 2036. 
3172. 3263. 
4636. 4666. 
8061. 6243. 
7726. 7964. 

9611. 9817. 
11404. 11766. 
13332. 13819. 

b....... 
In 

30 
I.*.**., 

E: 
26104 
30.61 
33.67 

I.,.... 

92” 
I...... 

22.86 
26.76 
26.63 
31.39 
34.19 

2:: 23.36 26.33 24.31 26.44 26.41 27.63 26.63 27.73 26.26 26.37 27.64 26.46 29.66 30.26 Jo.91 31.61 32.10 32.93 33.47 34.10 34.24 
29.86 30.73 

35.36 36.93 
32.04 32.67 33.36 34.02 

2: 27.46 23.66 
34.64 36.64 

30.80 28.60 31.89 23.69 
38.11 25.78 36.91 

23.88 32.06 30.61 32.69 32.11 34.39 
33.14 

33.04 34.44 36.11 36.87 36.66 37.21 36.18 38.76 33.46 39.61 41.96 
7:o 31.71 33.04 34.12 34.27 34.31 38.71 36.36 37.76 38.69 37.68 40.09 

39.82 42.67 
38.40 39.12 39.81 40.86 41.43 42.21 42.33 44.81 46.66 

39.36 40.98 41.72 42.44 43.66 44.22 44.98 46.10 47.69 48.47 

8.0 35.12 37.64 38.71 38.83 33.46 41.47 42.66 44.44 46.23 46.20 47.04 9.0 40.71 42.42 47.62 49.08 43.47 49.81 60.64 60.74 43.66 44.18 48.40 47.70 63.69 49.68 60.64 64.43 
61.60 62.63 64.76 

10.0 46.46 47.37 
63.37 66.66 

48.41 43.07 
68.46 68.66 

48.46 61.61 
63.67 60.67 

62.33 66.10 66.02 67.19 11.0 68.19 69.10 SO.63 60.39 62.61 63.64 61.46 63.66 64.14 62.46 62.64 66.60 68.34 80.70 66.33 66.90 61.68 
62.36 64.03 88.87 

12.0 66.49 67.62 
66.01 67.69 

66.84 56.81 69.38 
68.66 68.71 

62.26 
72.38 73.43 

63.94 66.48 67.62 68.69 70.06 71.10 72.30 73.68 76.02 76.07 79.03 90.16 

16.0 71.87 74.87 76.84 76.63 76.19 79.76 81.82 64.36 66.16 97.66 69.28 20.0 102.68 106.92 107.73 90.60 32.73 107.40 107.69 33.90 112.61 96.31 36.31 116.30 120.92 100.17 
119.42 123.16 

101.52 
26.0 137.77 126.06 143.39 126.61 129.68 144.14 143.46 143.61 131.06 132.93 143.69 163.26 168.43 132.90 

160.23 163.08 
139.44 141.20 

30.0 177.00 164.16 166.46 184.77 167.36 171.11 172.90 183.60 163.60 176.43'176.24 191.16 196.69 201.66 203.96 183.86 
207.41 210.36 

222.62’222.22 186.88 
36.0 220.26 229.09 212.62 229.56 226.23 227.63 236.79 217.21 213.30 242.13 

249.67 
261.37 

263.61 
232.68 

266.10 262.26 
235.38 

207.76 270.14 274.13 273.63 296.40 269.61 

267.4 276.1 278.3 276.6 276.6 286.6 292.8 301.4 304.1 309.0 313.1 318.4 331.0 316.2 322.6 331.0 326.3 328.3 327.3 340.1 347.4 330.1 329.6 367.4 360.4 
366.0 

370.6 344.7 
374.3 

348.4 
373.0 387.7 387.6 381.7 386.0 382.7 337.6 384.6 390.4 389.6 406.9 417.2 420.6 426.3 

432.4 
407.3 411.7 

431.2 448.1 447.7 438.4 444.6 444.7 441.6 448.1 466.6 468.2 464.8 463.9 460.9 484.6 491.7 498.0 474.3 473.3 
60.0 493.0 612.2 602.4 611.6 611.9 616.6 608.1 604.6 623.4 

634.2 648.3 662.3 
623.2 622.2 646.6 

680.3 667.3 672.3 
661.2 

562.9 686.7 696.6 694.4 820.8 627.1 

66.0 668.1 673.6 678.9 674.9 670.6 691.8 503.8 619.4 623.8 632.6 70.0 640.6 626.6 650.9 649.7 646.9 667.7 MO.0 601.8 671.9 646.1 563.6 676.9 636.8 708.6 670.4 
694.0 717.2 

700.0 707.1 

E?: a32.7 773.4 803.2 966.6 
723.2 736.2 740.6 

966.0 801.4 966.3 736.6 788.7 960.0 617.3 
761.9 

833.4 863.7 863.2 670.9 881.3 888.4 903.9 308.9 
984.0 1003.1 1026.8 1033.1 1046.7 

922.3 760.2 920.8 
1069.1 1067.4 

Q6O.Q 783.2 791.0 370.3 
100.0 1104.2 li43.i 1086.6 1146.4 1134.6 1123.6 1091.1 1108.1 1163.3 1166.6 1212.8 1219.8 1236.6 1260.0 1106.4 1163.3 1164.3 

1263.6 1280.6 1284.7 1306.8 1303.6 1369.7 1372.6 

160.0 2128. 2209. 2201’ 2163. 2232. 2273. 2320. 2331. 2369. 2388. 200.0 2402. 2440. 
260.0 

ii% 2%~ 3614. %F 3443. 3669. 2443. 3021. 3743. g4;. 2481. 2666. 2609. 
3816. 3871. . 

6623: 8761: 
6061. 6011: 4946. 6108. 3934. 

6190. 

y;. 33. 
6384. 

22. 
4066. 4136. 

300.0 6467. 8776. 6632. 
E3fi;. 

6726. 8837. 8841. 6826. 6772. 6836. 
6S41. 

7086: 7184. 7263: 
360.0 

7287. 
8320. 8821. 8866. 8802. 8483. 8730. 

8849. 
LO;: 7613. 

. 
9024. 3126. 9242. ;;33;. sg: 7673. 7861. 

3260. . . 
2%: 

. 3666. S743. 3336. 

400.0 10247. 10616. 10672. 10611. 10462. 10766. 10834. 11090. 11102. 11226. 11374. 460.0 12283. 12730. 12807. 11416. 12733. 12666. 11666. 11621. 12893. 13060. 13232, 13302. 13460. 13030. 11804. 11767. 13676. 11360. 12281. 
600.0 14432. 14948. 16047. 14371. 14767. 16336. 

13636. 13320. 
16143. 16332. 16802. 

14139. 14096. 
16610. 16783. 18046. 14306. 16232. 16330. 16687. 16636. 16786. 14723 1726Q: 
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F. HUBERT, R. BIMBGT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

76 
m5cTnoYIc 6I0PP110 POWER II UIITS OF rEv/tnG/sQ QI) AS IOW 

33 

wA m3 2 12= *3& lQS1 2P 22n 2QcB 2ew 22I ma 31GE 34= 3.eSR 4ozR no I”I 4 42 46 4FG +.*.........,LC+.~I+*...*..*.*~...*...*****.......*~***.....~~..*...**.**~.~...***~..~****...........*~.*.***.*.~.***...~*..**.**..* 
i:: 65.93 64.27 62.08 63.81 IO.77 40.07 38.98 38.36 35.96 39.64 36.95 36.58 31.09 30.96 29.70 29.66 28.83 28.85 28.13 25.26 25.38 28.63 24.02 26.01 23.83 23.69 22.91 23.18 22.66 22.94 21.82 22.14 20.09 19.67 20.73 20.37 

61.57 60.16 39.10 37.47 38.13 36.05 30.63 29.32 28.68 28.05 25.37 24.90 23.78 23.16 22.93 
19.24 49.22 39.03 M.47 37.15 34.33 29.96 

22.17 20.29 20.80 
25.81 28.13 27.58 25.03 24.52 23.64 22.W 22.76 

29.29 
22.02 20.30 20.70 

46.99 M.36 35.03 36.44 ZH.14 33.61 25.22 27.69 27.20 26.69 24.23 23.20 22.56 22.46 21.76 20.18 20.49 

22 43.03 44.92 44.65 42.02 36.83 34.77 34.41 33.41 34.12 36.12 32.55 31.52 26.60 27.90 27.W 25.96 27.00 25.40 26.67 26.11 24.69 26.10 23.79 23.32 22.51 22.38 22.28 21.58 22.10 21.72 21.08 21.44 19.88 19.73 20.21 19.90 

$:% . 39.59 a.22 41.29 3S.93 38.68 41.37 33.76 32.78 31.55 32.46 31.63 Jo.56 33.15 32.24 31.36 30.99 30.19 29.43 27.21 26.59 25.64 26.69 25.32 26.08 26.80 24.62 26.20 26.64 24.98 24.43 24.05 23.64 23.03 22.84 22.35 21.59 21.49 21.06 21.94 21.47 20.53 21.06 21.31 20.90 20.49 20.70 20.32 19.93 19.45 19.16 la.86 19.65 19.22 18.87 

t:: 36.50 33.36 a.16 34.03 50.16 25.52 27.67 29.03 W.73 25.26 27.95 25.57 24.56 23.64 23..93 22.57 23.62 22.49 23.37 22.38 22.04 21.12 20.97 20.11 20.19 19.38 19.81 19.03 19.69 18.93 19.17 18.44 18.22 17.61 18.18 17.61 

E.8 
12:o 

31.38 W9.W 32.15 30.60 27.24 26.W 25.26 26.05 25.92 26.71 26.47 24.38 22.61 Ii.67 21.89 20.W 21.66 20.68 21.45 20.62 20.25 19.47 19.31 18.67 17.92 18.62 17.63 18.30 18.21 17.64 17.76 17.12 17.01 16.46 15.88 16.29 
28.13 19.02 24.66 23.98 24.51 23.38 25.71 25.17 19.85 19.84 15.73 17.85 17.27 15.99 15.92 16.63 16.91 16.73 

16.0 24.44 26.40 22.04 21.27 21.86 20.86 18.61 15.06 17.83 17.83 15.86 15.10 16.67 16.36 16.30 14.97 14.60 14.28 
$2 20.20 17.33 21.18 i5.28 15.21 18.52 15.00 16.57 15.14 18.62 17.76 16.63 16.80 13.86 16.46 13.66 13.42 16.28 16.31 13.47 14.48 12.74 13.86 12.21 13.42 11.84 13.26 11.72 11.70 13.23 12.97 11.48 12.64 11.23 12.40 

it:8 16.24 13.66 16.16 14.62 14.41 13.00 13.94 12.69 12.98 14.35 13.56 12.64 12.37 11.21 12.12 11.00 12.01 10.90 12.05 10.90 11.42 10.38 1Og.g . '"9.:; . iOg.;ii . ""9.:; . '"9.3; . 10.14 9.26 ';.O$ 9:os 

12.40 13.23 11.88 11.61 11.86 11.48 8.88 8.82 8.82 8.68 
11.39 12.17 10.96 

'"9.:; 

5:as 

'"9.;: 

a:70 

1Og.i: 

e:a4 

l"9.g 

a:70 
a.23 8.18 ;::t Ki 

5::: 8.36 
7.76 

10.66 11.30 10.19 5-E 7.56 
7109 

7.43 7.26 

60.0 ;.:a . 1yx . t*ft . 2% . 
8.16 a.11 

F:: . 6:82 
7.19 

2:: . 
a.s9 6.83 

7.69 7.66 6.79 6.70 6.61 6.46 

%I 8.712 8.266 9.379 5.597 8.492 5.552 8.231 7.516 6.494 8.057 8.269 7.548 7.043 7.409 5.929 7.288 7.243 6.888 7.298 5.943 5.683 6.919 5.662 5.330 5.161 5.463 6.437 6.128 6.444 6.136 5.064 6.366 6.276 6.979 6.133 6.846 

100:0 EC: 
7.493 5.093 7.343 7.120 7.349 7.168 5.427 6.326 5.291 5.344 5.016 6.787 6.524 6.605 6.514 6.643 6.477 6.367 
6.582 6.351 7.445 5.914 6.753 5.284 8.095 6.669 5.770 6.292 5.6W 5.137 6.928 6.616 6.837 6.433 6.807 6.407 6.568 6.466 6.175 6.667 4.981 6.347 4.842 6.196 6.183 4.531 6.191 4.839 4.782 6.128 4.727 6.558 4.629 4.969 

160.0 4.796 6.223 4.760 4.619 4.756 4.650 4.194 4.136 4.120 4.153 3.961 3.806 3.699 3.690 3.704 3.655 3.623 3.668 

%:8 3.946 3.461 4.362 3.816 3.953 3.475 3.840 3.358 3.445 3.S35 3.408 3.850 3.086 3.459 3.427 2.977 3.439 3.023 3.051 3.480 3.299 2.903 3.260 2.568 3.143 2.756 3.079 2.711 3.091 2.723 3.061 2.577 3.083 2.716 2.976 2.623 

2E 3.114 2.859 3.177 3.446 3.142 2.598 3.044 2.805 3.115 2.876 3.081 2.844 2.773 2.650 2.870 2.488 2.737 2.629 2.772 2.662 2.630 2.430 2.381 2.686 2.314 2.604 2.467 2.272 2.458 2.283 2.246 2.428 2.462 2.277 2.381 2.203 

ZE 
6oo:o 

2.583 2.637 2.513 2.973 2.713 2.658 2.525 2.488 2.592 2.649 2.623 2.654 2.399 2.272 2.314 2.194 2.370 2.246 2.276 2.401 2.279 2.160 2.241 2.123 2.169 1.066 2.131 2.021 2.141 2.030 2.108 1.999 2.136 2.026 2.067 1.961 
2.420 2.586 2.462 1.376 2.436 2.409 2.170 2.098 2.146 2.176 2.066 2.029 1.956 1.932 1.941 1.911 1.937 1.876 

..,.......*~.*+....*..*..~.*..**..~*.*..*..**.........~***..~~....**.*...*..*.~***.*.*........*.*~.**.**.*~~**.***.**......~*~.~.*** 

wA 609 62= 65M 67" 69P6 61m 64GD 67" 6BM 71L" 73TA 76= 771R 79*" Blm .WB1 SO* 92" 
..***........*.....**~....*.*......*.******.*****..***~*.*..**.......~.**.*..*.**..*....*~..*.~.***..*.*.~**..**.~..*...*.*..*.****. 

::: 19.08 19.:45 18.21 15.69 18.26 18.64 10.77 18.39 18.64 18.23 17.20 17.54 17.11 15.57 16.76 16.23 16.41 16.91 16.01 16.62 14.72 16.23 14.48 16.00 14.49 13.96 13.78 14.30 14.16 13.63 13.67 14.18 13.10 13.69 13.43 12.96 

3:% . 19.65 19.49 19.32 15.54 10.70 15.49 15.63 18.74 18.59 18.58 15.82 18.56 la.78 18.76 18.61 17.80 17.80 17.69 17.29 17.30 17.21 15.44 16.49 15.44 16.14 16.21 16.17 16.76 16.84 16.81 16.48 16.67 16.66 16.26 16.36 16.34 14.76 14.88 14.88 14.69 14.68 14.70 14.41 14.62 14.63 14.46 14.66 14.66 13.94 13.83 13.93 13.87 13.77 13.78 

e:o i*: 

19.08 18.26 18.31 18.44 18.40 17.62 17.06 16.31 15.05 16.72 16.46 16.26 14.82 14.64 14.47 14.60 13.87 13.71 

18.80 18.60 18.00 17.72 18.06 17.76 18.18 17.59 15.16 17.88 17.06 17.30 16.61 16.84 16.S4 15.14 16.71 16.90 16.39 16.67 16.16 16.32 14.W 16.11 14.70 14.66 14.38 14.63 14.21 14.36 14.39 14.16 13.77 13.63 13.61 13.47 

2t 15.16 17.55 17.43 17.12 17.47 17.15 17.69 17.29 17.69 17.30 15.79 16.62 15.37 15.11 16.72 16.49 16.61 16.29 16.20 14.99 14.96 14.76 14.78 14.65 14.39 14.21 14.22 14.04 14.06 13.87 14.08 13.90 13.47 13.30 13.32 13.16 

1010 :: 
17.23 15.62 15.65 16.68 16.71 16.98 16.69 16.01 14.83 14.66 14.33 14.17 13.82 13.55 13.49 13.62 12.94 12.79 
15.51 15.03 16.94 16.38 16.98 16.42 15.08 16.63 15.13 16.68 16.44 14.93 16.07 14.68 14.64 14.06 14.37 13.92 14.11 13.67 13.%0 13.48 13.76 13.33 13.42 13.02 13.27 12.89 13.11 12.72 13.14 12.76 12.20 12.67 12.07 12.43 

:::: 14.95 16.47 14.85 14.35 14.40 14.89 16.00 14.61 16.05 14.67 14.44 13.95 13.56 i4.11 13.84 13.22 13.49 13.08 12.88 13.26 13.07 12.58 12.66 12.94 12.26 12.54 12.61 12.16 12.00 12.36 12.38 11.02 11.84 11.60 11.72 11.38 

16.0 13.69 13.06 13.10 13.19 13.27 12.76 12.47 12.09 11.98 11.79 11.53 

30:o :E' 

Il.82 11.37 11.40 11.49 11.67 

1y; 
5:ss 

1"g.:; 
36.0 L33 

1og.g 
5135 

1"g.;; 
5142 

l"o.$x& 
5:60 

I;.;; a:97 
8.20 

2:: 7.975 7.415 7.581 7.142 7.709 7.170 7.759 7.225 7.546 7.299 7.675 7.061 7.431 6.918 6.763 7.269 7.216 6.726 7.121 5.538 8.653 7.039 6.986 6.614 6.868 5.407 6.832 6.375 6.729 5.279 6.748 5.296 6.455 6.035 6.407 6.980 

so:0 Kl 

5.S41 5.585 5.712 5.756 5.635 5.505 5.483 5.341 6.307 5.227 6.167 6.112 6.014 6.987 6.896 6.910 6.555 6.616 

5.633 6.175 5.294 6.963 5.319 6.977 5.359 5.024 5.438 5.092 5.223 6.889 5.108 6.782 6.977 6.650 6.S46 6.632 6.653 6.873 
6.807 
6.602 6.463 6.758 

6.674 6.653 6.677 6.360 6.302 
6.377 6.366 6.560 6.273 6.287 6.072 6.027 

;:*: 
8o:o 

6.857 6.692 6.564 6.369 6.677 6.411 6.722 6.464 6.757 6.618 6.6W 6.337 6.496 6.241 6.134 6.382 6.366 6.110 6.060 6.291 4.994 6.233 4.955 6.197 4.884 6.116 4.557 6.097 4.791 6.018 4.504 6.031 4.827 4.510 4.784 4.669 
6.125 4.S40 4.Wl 6.501 6.W1 4.8W 4.810 4.716 4.594 4.539 4.659 4.665 4.490 4.475 4.406 4.417 4.240 4.203 

liw 4.745 4.430 4.270 4.676 4.694 4.259 4.531 4.323 4.589 4.378 4.637 4.238 4.468 4.156 4.372 4.058 4.363 4.089 4.304 4.024 4.268 3.981 4.230 3.966 4.167 3.898 4.166 3.857 4.089 3.826 4.101 3.835 3.935 3.683 3.902 3.661 

160.0 3.405 3.284 3.298 3.326 3.371 3.266 3.211 3.166 3.144 3.112 3.079 3.050 3.019 3.010 2.S54 2.973 2.864 2.830 

%:8 2.612 2.545 2.425 2.760 2.399 2.760 2.773 2.419 2.813 2.466 2.725 2.385 2.W3 2.353 2.539 2.311 2.323 2.531 2.506 2.297 2.253 2.678 2.269 2.653 2.629 2.234 2.622 2.215 2.183 2.454 2.491 2.190 2.469 2.176 2.379 2.108 
E:8 2.250 2.110 2.202 2.035 2.178 2.015 2.166 2.023 2.218 2.064 2.158 2.057 2.145 1.957 2.109 1.964 2.111 1.965 2.088 1.934 2.067 1.906 2.064 1.903 2.032 1.883 2.017 1.570 1.956 1.841 1.847 1.992 1.833 1.978 1.777 1.916 

1.980 1.913 1.093 1.900 1.929 1.856 1.806 1.836 1.837 1.817 1.791 1.786 1.770 1.768 1.730 1.736 1.723 1.671 
1.879 1.816 l.tS7 1.503 1.830 1.769 1.771 1.742 1.744 1.726 1.701 1.698 1.681 1.669 1.544 1.649 1.635 1.687 
1.797 1.735 l.719 1.726 1.761 1.712 1.596 1.667 1.66s 1.561 1.528 1.526 1.509 1.698 1.674 1.679 1.656 1.620 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

76 
RPlGE II WITS OF HG/SQ tX AS 101s 

33 

E/A BE 
SC 12 

ffi AL SI CA TI 
4 13 14 20 22 

*.1****.**1.**..*~**.**.~**.*.*******.~.****.**~***.*.~. 

$2 6.030 6.706 4.820 6.628 8.606 7.733 6.790 7.769 6.670 7.624 7.942 0.986 8.600 9.807 
3.6 6.413 6.262 8.680 8.748 8.697 10.048 11.027 

::i 7.166 7.936 7.024 7.818 10.663 9.663 10.806 9.762 10.616 9.693 11.128 12.234 12.266 13.633 

CB FE II aJ GE SE SR ZB MO RE AG 
24 26 28 29 32 34 38 40 42 *E. 4-l 

~*+*****+***.*IC**~***********.*****.**.**.***.**.****.******** +*;L.+*;;... 
9.068 9.420 9.760 9.990 10.660 11.000 11.606 11.710 11.917 12.286 12.ttlO 

10.330 10.718 11.108 11.406 12.163 12.679 13.130 13.363 13.620 14.174 14.432 
11.601 12.023 12.439 12.822 13.664 14.163 14.747 14.986 16.311 16.030 16.236 
12.891 13.346 13.784 14.263 16.188 16.738 18.372 16.627 17.008 17.077 10.042 
14.206 14.691 16.160 16.706 18.703 17.342 18.016 18.286 18.721 19.729 19.862 

6.0 9.763 8.643 11.684 11.879 11.668 13.367 14.828 16.649 16.066 16.642 17.194 18.266 18.972 19.686 19.969 20.467 21.696 21.706 
i'! 

6:s 

10'49a 9 06 

111422 

10 9.600 390 

ii:313 

12.747 13 641 

14:QaS 

12.984 14 123 

16:296 

12.762 13 866 

16:013 

14.630 16 726 

16:SSO 

17 16.166 617 16.924 16 332 

IS:913 191774 

17.469 18 906 

201377 

17.963 19 416 

2O:SOO 

16.694 20 236 

211811 

19.867 21 481 

231141 

20.631 22 323 

24:060 

23.113 21.383 21.680 23 423'24 22.221 016 

26:lSS 261044 

23.484 26 398 

271340 

23 26'476 674 

24.878 27:409 
7.0 12.386 12.268 16.129 16.602 16.193 18.209 20.343 21.262 21.882 22.418 23.422 24.836 26.813 zB.677 27.011 27.708 29.313 29.378 

1o:o :.: 

14.42 14.28 18.66 19.02 18.66 20.82 23.31 24.31 26.00 26.66 28.76 20.34 23.46 30.39 30.76 31.66 33.36 33.43 

16.60 18.92 16.42 16.69 21.10 23.79 21.67 24.48 21.24 23.98 23.67 28.46 28.43 29.68 27.62 30.87 28.26 31.67 26.84 32.26 30.23 33.86 31.99 36.80 33.24 37.19 34.26 38.27 34.63 38.67 36.63 39.69 37.66 41.88 37.63 42.00 

:::: 21.38 23.97 21.08 23.60 26.61 19.66 27.30 30.44 26.81 29.79 29.46 32.0 33.09 30.64 34.37 38.02 36.22 38.92 36.83 39.63 37.63 41.66 39.76 43.88 41.30 46.66 42.46 40.76 42.07 47.22 43.98 48.44 46.37 61.00 96.62 61.21 

16.0 32.68 31.91 33.19 40.42 39.61 42.81 48.16 49.83 60.89 61.62 64.24 67.16 69.30 a0.73 61.22 62.76 66.83 68.24 
20.0 49.66 48.16 67.78 69.67 68.22 62.38 70.16 72.36 73.69 74.29 76.33 82.34 86.33 87.09 87.66 89.76 93.61 99.49 

E 
36:0 

69.66 92.80 67.26 aS.16 104.02 79.42 107.48 82.06 104.66 73.97 110.66 B6.02 124.29 96.68 127.83 98.32 129.63 99.94 100.48 129.96 106.01 137.16 111.24 143.73 116.16 148.66 117.24 161.08 161.72 117.86 120.66 166.04 126.14 160.34 126.67 162.63 
118.64 113.69 131.46 136.83 132.16 139.16 166.19 160.16 162.34 162.61 171.84 179.69 186.72 186.43 189.12 193.09 199.08 202.26 

40.0 147.7 140.8 161.7 167.0 162.4 170.4 191.2 196.8 198.3 198.4 209.4 219.0 226.2 229.2 229.9 234.6 241.3 246.4 
46.0 179.4 170.4 194.6 201.0 196.4 204.4 229.2 234.6 237.3 237.1 260.3 281.6 270.1 273.4 274.1 279.6 286.9 292.1 
60.0 213.6 202.4 230.0 237.6 230.9 241.1 270.1 276.2 279.2 278.8 294.3 307.4 317.3 320.9 321.6 327.6 336.7 342.1 
66.0 260.4 236.7 268.1 276.9 266.9 280.3 313.9 320.7 324.1 323.4 341.3 366.3 387.6 371.6 372.1 379.0 387.8 396.4 
60.0 289.8 273.4 306.6 318.7 309.6 322.1 380.4 368.0 371.7 370.7 391.2 408.3 421.1 426.2 426.8 433.4 443.0 461.9 

66.0 331.6 312.3 361.6 383.1 362.4 386.2 409.7 418.1 422.2 420.7 444.0 483.2 477.6 482.0 482.6 490.9 601.2 611.6 
70.0 376.8 363.3 396.9 409.8 397.8 412.8 481.6 470.9 476.3 473.4 499.6 621.0 637.1 641.7 642.2 661.4 582.6 674.1 

100: 2: 0 
471.3 441.0 494.6 610.6 496.3 613.0 673.3 684.4 689.4 686.6 618.9 846.1 684.0 089.6 670.1 681.0 693.7 700.3 
689.2 676.9 043.2 638.6 601.1 716.3 620.4 739.1 601.6 716.8 622.3 740.2 694.9 826.2 707.9 841.2 713.6 847.6 709.7 842.6 748.8 886.7 780.0 926.6 803.7 963.4 609.1 969.1 809.2 969.0 821.9 973.4 836.2 989.6 1010.7 864.0 

160.0 

3266: ::z. 

1276. 1411. 1466. 1411. 1461. 1662. 1639. 1790. 1861. 1868. 1866. 1800. 1907. 1946. 

:Ex ;'X;. 2201. 2363. 2282. 
3Go:o 3333. 

2340. 3376. :%r 3766: 3824: :zz. %:: :%: :bE 3991: 2862. 4097. 4220. 2961. 2970. 4280. 2973. 4270. 3009. 4327. 3030. 4331. 3107. 4464. 
4412. 4636. 6044. 6169. 6130. SOTa. 6362. 6479. 6666. 6737. 6720. 6802. 6784. 6966. 

360.0 6669. 6707: 6804. 8464. 8822. 6668. 8486. 8838. 6988. 7217. 7326. 7302. 7410. 7370. 7698. 

400.0 7022. 6386. 7017. 7240. 7067. 7180. 7969. 8193. 8092. 7999, 8433. 8610. 8892. 9033. 9000. 9136. 9073. 9368. 
460.0 8461. 7803. 8439. 8708. 8489. 8816. 9677. 9869. 9719. 9806. 10126. 10331. 10670. 10842. IOBOO. 10964. 10877. 11222. 
600.0 9976. 9049. 9936. 10262. 9396. 10138. 11267. 11609. 11429. 11292. 11902. 12139. 12637. 12741. 12691. 12804. 12772. 13179. 

*.*.**~.***..**1+*********~.*****.*..***~*******..*******~*********~***.******~**********..*..*~*****~**~.***.***~.*~*.*..*.**..***. 
E/A ss TE BA LA PB SH CD Ii0 ln LU TA rc?# IB AU PB BI Ts 

60 62 66 67 69 a2 64 67 69 71 73 76 77 79 82 83 so Q2" 
I~..***.*...*C.**.*..*.~******.******..*.*...*.*.*****.**.*.***..**.*.*.~.**.**.****..**.**~*..*..~*.***~.*.*~.****.**..*.*..*...~*. 

2.6 13.26 13.76 14.86 16.16 16.72 16.62 17.01 17.64 18.01 18.38 18.78 19.16 19.67 19.93 20.40 20.67 22.06 22.64 
3.0 IS..19 16.79 16.69 17.16 17.76 10.67 19.23 19.98 20.40 20.83 21.26 21.70 22.20 22.60 23.10 23.26 24.87 26.38 
3.6 17.11 17.80 18.90 19.16 19.76 20.79 21.40 22.27 22.74 23.23 23.70 24.18 24.76 26.19 26.72 26.08 27.60 28.14 
::i 19.03 20.96 19.61 21.83 20.90 22.91 21.14 23.14 21.76 23.76 22.89 26.01 26.74 23.67 24.66 26.83 26.06 27.37 26.80 27.97 26.11 28.62 26.63 29.07 27.29 29.61 27.76 30.30 28.31 30.89 31.03 28.46 32.99 30.30 33.69 30.07 

it: 22.92 24.90 23.87 26.93 27.01 24.96 26.16 27.21 26.76 27.83 27.14 29.29 30.14 27.93 31.43 29.12 29.70 32.06 32.74 30.36 30.94 33.38 31.62 33.99 32.33 34.87 32.86 36.43 33.47 36.08 33.61 J(I.21 36.69 38.40 JB.32 39.07 

E 26.91 28.96 28.03 30.17 23.11 31.24 23.29 31.40 29.91 32.03 31.47 33.69 34.66 32.39 33.78 3a.13 34.42 36.82 36.17 37.62 36.84 38.33 36.48 39.00 37.43 40.02 38.02 40.64 38.fO 41.36 38.63 41.47 41.14 43.90 41.03 44.63 
7.0 31.03 32.34 33.40 33.66 34.18 36.94 38.97 38.64 39.26 40.10 40.86 41.66 42.66 43.30 44.04 44.16 48.70 47.47 

1o:o $2 
36.31 36.80 37.66 37.97 38.69 40.66 41.70 43.46 44.24 46.16 46.01 48.71 48.00 48.71 49.62 49.62 62.42 63.26 
44.34 39.74 41.42 48.21 47.24 42.46 47.29 42.66 47.89 43.16 46.33 60.27 46.69 61.66 48.63 63.77 49.37 64.68 60.42 66.82 66.80 61.32 67.69 62.16 69.18 63.61 60.01 64.28 80.97 66.16 61.04 66.26 64.36 68.30 66.32 69.20 

11.0 49.10 61.17 62.19 62.21 62.79 66.38 66.89 69.19 80.16 61.39 62.46 83.40 66.02 66.92 88.96 67.01 70.60 71.63 
12.0 64.03 66.31 67.31 67.29 67.86 60.66 62.29 84.76 66.79 67.13 aB.28 69.29 71.06 72.00 73.11 73.16 77.03 78.13 

16.0 69.63 72.76 73.71 73.67 74.06 77.63 79.66 82.69 83.78 86.42 86.82 66.01 90.18 91.32 92.69 92.69 97.44 98.76 
%:o" 133.23 99.60 138.68 103.61 104.48 139 44 138 104.11 80 138'86 104 41 144'83 109 08 146 111.79 30 163'31 116 80 166'06 117 26 167'61 119 44 160'13 121 28 

33.0 170.90 177.62 178:46 177:62 177:26 184:66 188:94 1SS:OZ 197:06 ZOO:41 203:26 

161'98 122 79 

206:46 

166'62 126 68 

20S:S0 

167'36 127 11 

211:93 

128 169'81 99 169'03 126 91 

216:06 214:76 

177'79 136 27 

224:SS 

179'94 136 98 

227:61 
36.0 212.40 220.92 221.40 220.16 219.49 228.44 233.60 240.79 243.12 247.12 260.62 263.11 268.40 260.71 2a4.67 264.16 276.44 279.66 

40.0 267.6 267.9 268.2 286.6 266.6 276.1 282.2 290.6 2Q3.1 297.8 301.0 304.8 311.0 313.6 316.3 317.7 532.3 336.0 
46.0 306.4 318.6 316.7 316.6 316.1 327.4 334.6 344.1 347.0 362.4 367.0 380.4 387.6 370.4 376.0 376.3 392.4 396.6 

ao:o 2: 
368.7 372.8 372.7 370.3 J8B.2 382.4 390.6 401.4 404.6 410.8 416.1 419.9 428.0 437.7 
414.4 473.6 430.7 492.0 430.4 491.4 427.6 488.1 484.6 424.7 440.9 602.9 460.2. 613.3 482.3 626.8 486.9 630.7 472.8 638.4 478.0 

646.2 
483.1 660.0 

431.2 436.6 466.6 461.3 
492.2 496.7 603.2 602.2 624.6 630.1 
660.2 583.9 672.6 671.2 696.7 602.8 

w.: 601.3 636.8 624.6 666.6 623.6 666.8 619.1 662.0 614.2 647.8 638.9 6a8.2 649.7 679.8 694.8 699.1 607.6 680.2 616.1 888.6 620.4 a31.7 636.7 646.4 644.0 672.6 679.3 
ao:o 799.3 aa6.2 016.8 670.6 624.1 706.7 741.6 770.2 711.0 721.9 720.3 762.0 769.6 768.4 762.9 766.3 783.8 836.3 846.3 694.3 662.2 

867.1 871.9 886.3 883.3 
lg:: 1067.4 893.7 1097.9 928.1 1094.8 926.7 

921.8 930.9 
1086.6 918.9 1076:l 910 4 1114:2 943 1 1136.6 Sal.4 Sari 1 

llal:7 
990 2 

IlaB: 
1003 3 
118317 

1016 2 
1197:6 

1023 1 
12Oa:S 

1040 6 
1226:s 

1046 o 
1232:B 

1062.2 1069 7 
1262.0 1248:Q 

1106.6 1116.2 
1302.7 1316.1 

ii::: 2036. 2112. 2104. 2088. 2064. 2136. 

g3:. y;. 2;:. 

2173. 3626. 2218. 2229. 

260.0 %4X. 

3641. %? 

6121: 

$a: $22;. 

6210: 

E2. 

6282: 

8::. :z ;;U;: 2496. 

iii:: a421: 6207. a334: 8093. 6629: 8330. eS24: 8443. I%:!: 8697. 
6064. 6180. 6304: 6387: 

$72. 

6372. 6612: ;%: 
6762. 8837. 6707. 6922. 6819. 6966. 70413. 

70;:. . 
7193. 7171. 7324. 7603. 

6610. 8866. 8966. 9168. 9129. 9297. 9638. 

400.0 9776. 10127. 10180. 10122. 39.60. 10260. 
11721. 

10392. 10679. 10691. 10709. 10860. 10890. 
460.0 12141. 12216. 12160. 

11023. 11086. 11261. 11226. 11717. 
11976. 12303. 12467, 1267'18. 12088. 12029. 13000. 

11410. 
600.0 137a3. 13044. 14266. 14278. 14074. 14447. 13199. 13277. 14360. 14623. 16266. 13487, 13444. 13646. 14021. 

14894. 14887. 16062. 16303. 16481. 16676. 16820. 16770. 16990. 16437. 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELID.XROBIC STOPPIIG POSER IS IJWITS OF WV/(HG/SQ at) 
80 

SE Ions 
34 

WA BE 
SC 12 

ffi AL SI CA T I  CR Fz II aI GE SE SR m ml RH 
4 13 14 20 22 24 28 28 29 32 34 38 40 42 46 4:" 

.*.....L1.....l+*.*.*..~..**...*~.~*********..*~**..*..****..~*****..**.**....**.*..~..****..*.*.**~~*.**.~.**~~*.*~*.~*~.....**~..~ 

i:; 68.73 69.44 66.91 64.21 42.39 41.70 40.62 39.92 4l.10 40.60 37.34 37.09 32.18 32.28 30.83 30.82 29.93 29.99 29.19 29.36 2?.67 27.38 26.76 26.98 24.76 24.47 23.76 24.07 23.49 23.82 22.63 22.9S 20.86 20.29 21.12 21.62 
64.07 62.28 40.74 3S.03 39.71 36.61 31.77 30.60 2S.73 29.19 27.42 26.89 24.72 24.07 23.84 23.04 21.08 21.62 
61.67 600.32 39.66 38.02 38.73 36.76 31.19 30.00 29.29 28.62 27.10 26.62 24.60 23.66 23.67 22.90 21.11 21.63 
49.26 43.42 38.63 36.98 37.70 34.93 30.62 18.41 28.76 28.34 24.66 26.24 24.17 23.68 23.36 22.66 21.01 21.33 

i:: 47.11 46.16 46.61 44.91 37.41 36.33 36.93 34.90 36.64 36.66 34.07 33.21 29.92 29.12 26.76 28.13 27.66 26.16 27.80 27.24 26.66 26.17 24.80 24.32 23.34 23.77 23.22 22.82 23.03 22.64 22.33 21.97 20.82 20.67 21.06 20.74 
43.34 43.32 36.28 33.92 34.66 32.37 28.41 2?.48 26.93 266.68 26.12 23.84 22.89 22.40 22.23 21.69 20.29 20.40 
41.69 41.83 34.29 32.97 33.71 31.66 2?.73 a.84 20.33 26.09 24.68 23.36 22.44 21.S7 21.82 21.20 19.99 20.06 
(IO.16 40.44 33.34 32.07 31.81 30.76 27.06 26.22 26.73 26.63 24.0s 22.87 21.99 21.64 21.40 20.81 19.68 19.70 

1o:o ii*"0 

37.43 37.93 31.68 34.40 31.12 29.28 26.81 26.04 24.60 24.44 23.06 21.93 21.11 20.71 20.68 20.04 19.04 18.99 

36.08 33.03 33.78 36.72 29.99 2S.67 27.63 28.89 29.60 28.22 27.93 26.69 24.66 23.69 B.94 22.93 23.66 22.67 22.48 23.43 22.10 21.22 21.06 20.22 20.28 19.60 19.91 19.16 19.07 19.80 19.30 18.69 17.81 18.42 18.31 17.67 
11.0 31.23 32.OS 2?.28 2S.30 26.97 26.66 22.61 22.01 21.68 21.61 20.40 19.46 18.78 18.47 18.38 17.94 17.23 17.06 
12.0 10.63 30.62 26.11 26.18 26.84 24.63 21.72 21.16 20.86 20.80 19.66 18.76 18.10 17.82 17.74 17.32 16.68 16.49 

16.0 26.77 213.76 23.17 22.36 22.98 21.91 19.46 18.98 18.73 18.72 17.69 16.91 16.36 16.12 16.06 16.71 16.22 14.99 
it: 21.32 18.31 22.33 19.29 19.61 17.09 18.96 16.63 19.60 17.02 18.G8 16.36 14.69 16.63 16.26 14.29 16.08 14.14 16.11 14.19 16.23 13.43 14.68 12.88 14.12 12.47 13.96 12.34 13.92 12.32 12.09 13.94 11.83 13.29 11.69 13.04 

ii:: 16.11 14.44 17.06 16.34 16.20 13.73 14.71 13.29 16.16 13.70 14.61 13.24 13.04 11.83 12.79 11.61 12.67 11.61 12.72 11.67 12.04 10.96 11.66 10.61 11.20 10.20 11.10 10.12 11.09 10.11 1"g.g . '"9.;; . '",A; . 

ii:: 12.06 13.12 12.87 13.98 12.66 11.69 11.23 12.16 12.64 11.68 11.22 12.13 10.86 9.66 9.38 9.31 8.66 xi?: 9.16 9.02 8.39 8.81 

so:0 Ez 

11.17 11.96 10.78 10.46 l",.;; t::: 8.08 e:os ?iP 7.86 

log.;; . yg , 1og.;g . '"9.:; s:21 ;;.;; 9:SO 9.23 9.80 8.28 8178 7.64 7.21 ::: X8 . 7.08 7149 2% . 

66.0 9.229 9,928 8.990 8.713 8.992 8.742 7.842 7.713 7.665 7.724 7.323 7.040 6.840 6.811 6.818 6.726 6.640 6.489 
70.0 8.746 9.421 6.637 8.276 6.641 8.309 7.466 7.336 7.292 7.349 6.969 6.701 6.611 6.486 6.494 6.407 6.328 6.186 

1oo:o fix 

7.S41 8.672 7.778 7.642 7.784 7.681 6.807 6.700 8.663 6.718 6.371 6.128 6.966 6.S37 6.946 6.870 6.799 6.672 

6.764 7.296 7.889 7.326 7.166 6.660 6.460 6.461 7.173 6.668 6.991 6.604 6,281 6.846 6.184 6.767 6.162 6.729 6.2CX3 6.782 
6.887 

6.694 6.279 
6.604 6.490 6.499 6.432 6.398 6.263 

6.486 6.130 6.119 6.128 6.067 6.008 4.904 

160.0 6.087 6.638 6.047 4.899 6.064 4.942 4.448 4.386 4.369 4.416 4.191 4.036 3.923 3.919 3.928 3.887 3.842 3.773 

3oo:o iii?: 

4.166 4.616 4.206 4.074 4.178 4.116 3.701 3.636 3.948 3.692 3.600 3.448 3.334 3.266 3.279 3.236 

3.062 3.306 4.047 3.666 3.334 3.689 3.674 3.231 3.667 3.307 3.270 3.616 3.262 2.943 3.169 2.833 3.208 2.906 3.248 2.942 3.080 2.791 3.033 2.747 2.934 2.668 2.876 2.608 2.889 2.620 2.677 2.841 i.27; 2:613 

;A;: 

2:626 
360.0 3.044 3.372 3.076 2.980 3.062 3.019 2.718 2.619 2.684 2.719 2.679 2.636 2.466 2.411 2.423 2.384 2.417 2.338 

400.0 2.947 3.166 2.880 2.790 2.868 2.827 2.646 2.466 2.616 2.649 2.419 2.379 2.302 2.262 2.273 2.237 2.267 2.194 

-it::: 2.689 2.693 2.986 2.849 2.03 2.726 2.641 2.621 2.684 2.709 2.678 2.667 2.412 2.304 2.329 2.227 2.383 2.277 2.416 2.309 2.293 2.192 2.264 2.163 2.182 2.086 2.146 2.060 2.091 2.166 2.029 2.122 2.160 2.066 2.081 I.991 

,....*..+..I...*..*l*~~~.**......*.~~*~.*.~~~*~~**....******.*.*..**~*..******~******~*******..*.~****~.*.**.~~**.*.*~*.~**...**.*** 
WA SI 'IE IA 67LA 69pR SR gqGD 67H0 69m 71L'J 73T1 76f= 7716 796'J 82P6' 83SI 90TB 92" 

LO 62 66 62 
.*.*..++.+U.*.,......*.*..**..**..~..*.*....*.**.***...*..*....*..........**...*..*.**..*.*..*.*.*....**..***...*.**...*.~~..*..*** 

19.78 18.87 18.92 19.06 18.90 17.82 17.28 16.32 16.97 16.66 16.26 16.01 14.47 14.28 14.13 14.17 13.68 13.42 
20~20 19.29 19.34 19.48 19.36 18.30 17.76 16.84 16.61 16.10 16.80 16.66 16.03 14.84 14.68 14.71 14.09 13.93 
20.33 19.43 19.47 19.61 19.61 18.49 17.96 17.08 16.77 16.37 16.08 16.84 16.33 16.14 14.S7 16.00 14.37 14.20 
20.27 19.39 19.43 19.67 19.49 18.61 17.99 17.14 16.86 16.47 16.18 16.96 16.46 16.27 16.10 16.13 14.48 14.32 
20.11 18.24 19.28 IS.42 19.36 16.41 17.91 17.10 16.82 16.46 16.18 16.99 16.48 16.29 16.11 16.16 14.60 14.33 

19.67 19.02 19.06 19.20 19.16 18.24 17.76 16.98 16.72 16.36 16.09 16.88 16.43 16.24 16.06 16.09 14.44 14.28 
19.69 18.78 18.61 18.94 18.92 18.02 17.66 16.81 16.67 16.22 16.96 16.79 16.32 16.13 14.96 14.89 14.34 14.17 
19.29 18.48 18.62 18.66 18.64 17.78 17.32 16.62 16.38 16.06 16.79 16.60 16.17 14.99 14.81 14.86 14.20 14.04 
18.97 18.18 18.22 18.36 18.36 17.62 17.07 16.40 16.17 16.86 16.60 16.41 16.01 14.83 14.66 14.68 14.06 13.89 
16.66 17.88 17.92 18.06 18.06 17.26 16.81 16.16 16.96 16.64 16.40 16.22 14.82 14.66 14.47 14.61 13.87 13.72 

18.00 17.26 17.30 17.43 17.46 16.69 16.28 16.68 16.49 16.20 14.97 14.80 14.43 14.27 14.09 14.12 13.61 13.36 
17.37 16.67 16.71 16.83 16.87 16.16 16.76 16.20 16.02 14.76 14.63 14.37 14.03 13.88 13.70 13.73 13.13 12.99 
16.77 16.10 16.14 16.26 16.30 16.62 16.26 14.73 14.67 14.31 14.10 13.96 13.63 13.48 13.31 13.34 12.76 12.62 
16.21 16.66 16.60 16.71 16.77 16.12 14.77 14.28 14.13 13.88 13.68 13.64 13.23 13.10 12.93 12.98 12.40 12.26 
16.67 16.06 16.09 16.20 16.26 14.84 14.31 13.86 13.71 13.47 13.29 13.16 12.86 12.73 12.66 12.69 12.06 11.92 

14.26 13.71 13.74 13.86 13.92 13.38 13.08 12.69 12.67 12.37 12.20 12.09 11.83 11.73 11.67 11.69 ';A; 1Og.q; 

0:00 8:72 
8.01 7.93 
7.39 7.29 

8.421 8.109 8.139 8.202 8.282 7.997 7.844 7.662 7.617 7.617 7.430 7.373 7.249 7.211 7.102 7.120 8.826 6.761 
7.934 7.646 7.673 7.632 7.710 7.448 7,307 7.143 7.103 7.011 6.931 6.660 6.766 6.734 6.631 6.648 6.376 6.316 
7.336 7.089 7.094 7.149 7.126 6.981 6.861 6.700 6.664 6.680 6.606 6.469 6.364 6.326 6.228 6.246 6.989 6.934 
6.907 6.664 6.661 6.733 6.807 6.679 6.466 6.319 6.286 6.208 6.139 6.086 6.998 6.973 6.960 6.896 6.666 6.604 
6.636 6.296 6.322 6.372 6.443 6.229 6.116 6.986 6.966 6.883 6.818 6.777 6.687 6.6134 6.676 6.691 6.364 6.316 

6.208 6.982 6.006 6.064 6.123 6.921 6.814 6.693 6.666 6.697 6.636 6.497 6.412 6.392 6.308 6.322 6.108 6.081 
6.916 6.703 6.726 6.772 6.839 6.647 6.646 6.433 6.407 6.343 6.286 6.249 6.168 6.160 6.069 6.083 4.878 4.834 
6.427 6.231 6.263 6.2 6 6.368 6.184 6.993 4.992 4.969 4.912 4.868. 4.826 4.764 4.738 4.064 4.676 4.488 4.449 
6.027 4.846 4.866 4. 0% 6 4.989 4.806 4.722 4.631 4.610 4.668 4.609 4.479 4.414 4.400 4.331 4.343 4.169 4.133 
4.694 4.624 4.644 4.680 4.639 4.490 4.412 4.32S 4.311 4.263 4.2l7 4.190 4.129 4.117 4.063 4.064 3.901 3.868 

3.612 3.482 3.497 3.626 3.674 3.462 3.406 3.343 3.334 3.300 3.266 3.246 3.201 3.192 3.143 3.162 3.026 3.001 
3.021 2.917 2.818 2.841 2.986 2.892 2.846 2.600 2.791 2.763 2.736 2.719 2.683 2.676 2.636 2.643 2.609 2.624 
2.686 2.674 2.646 2.697 2.606 2.632 2.607 2.4S3 2.406 2.437 2.401 2.397 2.371 2.363 2.316 2.324 2.308 2.234 
2.419 2.337 2.311 2.319 2.364 2.300 2.278 2.23S 2.240 2.216 2.183 2.179 2.166 2.141 2.107 2.114 2.099 :.p$j 
2.239 2.163 2.140 2.147 2.180 2.130 2.109 2.074 2.076 2.063 2.023 2.020 1.999 1.986 1.964 1.960 1.946 . 

2.102 2.030 2.010 2.016 2.047 2.001 1.991 1.948 1.960 1.929 1.901 1.899 I.876 1.666 1.837 1.842 1.828 l.SS4 1.926 1.007 1.913 1.943 1.899 1.860 1.849 1.661 1.831 1.806 1.602 1.784 1.772 1.746 1.760 1.736 :.xc 
l.SO7 1.842 1.826 1.831 1.869 1.817 l.?S@ 1.770 1.772 1.763 1.728 1.726 1.708 1.697 1.671 1.676 1.662 1:614 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

80 
BAIGE 11 USITS OF HO/SO C2l SE 109s 

34 

UA BE 
2 12 

Ic AL. SI CA TI CB FE II aJ GE SE SR Eli It0 BB 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4+G 

*..*,..*....~+......*~*...*.*..*.**.*...*...*...**...*..*~****.*.*.****...*.*...~....*...*...******....*..**...*.***.*.........*..*. 

$2 
6.230 6.010 7.071 7.060 6.920 8.242 6.930 9.417 9.780 10.160 IO.370 11.070 11.440 11.964 12.160 12.371 12.764 13.090 

3:6 
6.919 6.736 8.022 8.044 7.899 9.316 10.170 10.714 11.114 11.616 11.824 12.614 13.093 13.624 13.849 b4.122 14.696 14.963 
6.641 6.487 8.992 9.067 6.896 10.403 11.420 12.017 12.462 12.880 13.278 14.166 14.679 16.286 16.626 16.869 16.601 16.816 

4.0 7.399 7.267 9.987 10.096 9.916 11.609 12.691 13.339 13.807 14.269 14.746 16.708 16.303 16.962 17.209 17.699 18.499 18.669 
4.6 8.192 8.077 11.010 11.162 10.902 12.641 13.987 14.689 16.186 16.666 16.232 17.280 17.947 18.637 18.909 19.366 20.396 20.636 

i:: 
9.023 8.920 12.084 12.269 12.038 13.801 16.313 16.060 16.691 17.083 17.746 18.879 19.616 20.346 20.632 1.133 22.307 22.422 
9.891 9.794 13.149 13.369 13.144 14.990 16.670 17.466 18.028 18.636 19.290 20.607 21.314 22.084 22.384 ii 2.938 24.240 24.336 

6.0 10.796 10.701 14.266 14.661 14.282 16.210 18.091 18.906 19.496 20.020 20.666 22.169 23.044 23.863 24.166 24.774 29.197 28.280 
6.6 11.736 11.641 16.416 16.747 16.463 17.461 19.486 20.378 20.999 21.637 22.476 23.864 24.809 26.668 25.982 20.644 2a.183 28.268 
7.0 12.714 12.614 16.699 16.978 16.666 18.746 20.946 21.886 22.636 23.087 24.121 26.696 26.609 27.496 27.833 18.648 30.199 30.270 

8.0 14.78 14.66 19.07 19.64 19.16 21.41 23.97 26.01 26.72 28.29 27.62 29.17 30.32 31.28 31.66 32.47 34.33 34.41 
9.0 16.99 16.83 21.67 22.24 21.80 24.21 27.16 28.28 29.04 29.63 31.06 32.89 34.19 36.22 36.61 38.63 38.60 38.70 

10.0 19.34 19.14 24.40 26.08 24.67 27.14 30.47 31.69 32.61 33.12 34.76 39.77 38.21 39.32 39.73 40.76 43.02 43.14 
11.0 21.83 21.67 27.27 28.06 27.47 30.20 33.93 36.26 39.13 36.76 38.60 40.81 42.39 43.67 44.00 46.14 47.69 47.76 
12.0 24.46 24.13 30.27 31.16 30.60 33.40 37.64 38.98 39.89 40.62 42.60 46.00 49.73 47.98 48.43 49.88 62.31 62.62 

16.0 33.17 32.66 40.04 41.30 40.36 43.77 49.24 60.96 62.06 52.70 66.49 68.60 80.70 62.16 62.67 64.25 67.39 67.81 

it: 
60.33 48.99 68.88 60.60 69.34 63.61 71.66 73.81 76.18 76.81 79.93 84.06 87.11 88.92 69.60 91.66 96.68 95.60 

30:o 
70.84 88.33 80.79 83.47 81.36 86.66 97.31 100.12 101.78 102.34 107.97 113.33 117.33 119.47 120.11 122.86 127.66 129.10 
93.99 90.44 106.66 109.18 106.31 112.47 126.36 129.77 131.71 132.16 139.48 146.21 161.24 163.70 164.38 167.77 103.17 186.61 

36.0 120.28 116.21 133.38 137.83 134.11 141.28 168.60 162.66 164.89 166.18 174.36 182.67 188.72 191.49 192.20 198.26 202.38 206.69 

2:: 
149.4 142.8 163.9 169.3 164.7 172.9 193.9 198.7 201.2 201.3 212.6 222.3 229.7 232.7 233.6 238.2 246.0 249.2 
181.2 172.4 197.1 203.6 197.9 207.2 232.3 237.7 240.6 240.4 263.8 266.3 274.0 277.4 278.1 283.6 291.0 296.3 

60.0 216.7 204.7 232.9 240.6 233.7 244.2 273.6 278.8 282.9 282.6 298.2 311.6 321.6 326.2 326.9 332.1 340.4 346.8 
66.0 262.8 239.3 271.2 280.2 272.1 283.7 317.7 324.7 328.1 327.4 346.6 380.9 372.4 378.3 377.0 383.9 392.9 400.6 
80.0 292.6 276.2 312.1 322.3 313.0 326.8 394.7 372.4 376.2 376.2 396.9 413.3 426.3 430.6 431.1 438.8 448.6 467.6 

66.0 334.6 316.4 366.4 387.0 366.3 370.4 414.3 422.9 427.0 426.6 449.2 484.6 483.3 487.7 488.3 496.8 607.3 617.7 
70.0 379.1 366.8 401.1 414.1 401.9 417.3 496.7 476.1 480.6 478.7 606.2 626.9 643.3 647.9 648.4 667.8 669.0 680.8 

ii.: 
476.3 446.0 499.4 616.6 600.2 618.3 679.1 690.4 696.6 692.7 626.4 661.9 671.9 677.0 677.4 688.4 701.2 718.1 

1oo:o 
680.6 643.4 606.7 626.1 007.4 628.3 701.8 714.8 720.6 716.7 766.2 787.8 811.8 817.3 817.4 830.2 844.8 882.8 
694.6 648.7 722.6 746.6 723.1 747.0 833.8 849.0 866.4 860.4 897.1 934.3 962.4 988.3 968.2 982.8 999.2 1020.6 

160.0 1386. 1286. 
::;:. 2%. 

1421. 1462. 1628. 1666. 1666. 1662. 1742. 1812. 1866. 1873. 1871. 1896. 1922. 1962. 
200.0 2269. 2+x2. 

3286. 3011. 3316: 3421: 
2298. 2368. 2622. 2604. 2676. 2660. 2794. 2882. 2994. 3030. 3061. 3129. 

260.0 3327. 3397. ;;iT;. g38:. 3848. 3810. 4017. 4123. it:: 2sss. 

E !  

4308. 4298. 4484. 

E:: .x: 4063. 
4460. 4601. 4480. 4683. 

5740. 6838. 6492: e.961: 
6182. 6107. 6386. 6612. 6772. 6766. 

am: 4369. 

6196. 6711. 6892. 6697. 6624. 8882. 7030. 7370. 7346. 
6820. ;99:: 

7462. 7416. 

El?: 
7061. 6423. 7068. 7281. 7099. 7209. 8014. 8240. 8138. 8046. 8482. 8860. 8944. 9086. 9062. 9188. 9126. 9412. 
8607. 7l27. 8486. 8766. 8636. 8664. 9869. 10182. 10389. 10730. 10903. 10861 11026. 10939 11286. 

6OO:O 10029. 9100. 9988. 10307. 10060. 10194. I?%: 1%:: ii%: 11364. 11968. 12206. 12608. 12811. 12781: 12966. 12843: 13262. 

. ..***.1~......*..*..******.**.****...*...~.*......*.~..*.***.****.**~**~.*...~..*....***.*..*...~*.****.**.*~~.*.*.*.**.***~..*~..* 
E/I Sfi w BA LA PR SH GD HO I?4 LU TA BE Ill AU PB 81 RI U 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 83 90 92 
.*......**"**....***~**.~.*****.*.*.****..*.~***..*.*.*****.*******......~...*..*....~***..~*~~**...**.*..**.**..........*~~~*~~..* 

2: 
13.76 14.27 16.42 16.71 16.30 17.14 17.66 18.30 18.70 19.08 19.47 19.89 20.30 20.68 21.17 21.36 22.90 23.39 

3:6 
16.76 16.36 17.61 17.79 18.39 19.39 19.93 20.71 21.16 21.60 22.04 22.60 23.01 23.42 23.94 24.11 26.78 26.31 
17.72 18.43 19.67 19.83 20.46 21.63 22.17 23.07 23.66 24.06 24.66 26.04 26.84 28.09 28.64 26.80 28.69 29.16 

2: 
19.69 20.49 21.62 21.87 22.60 23.69 24.39 26.41 26.93 26.60 27.03 27.66 28.24 28.72 29.30 29.45 31.36 31.96 
21.67 22.66 23.69 23.92 24.66 26.86 26.62 27.74 28.31 28.93 29.60 30.06 30.82 31.33 31.94 32.10 34.12 34.76 

6.0 23.67 24.66 26.77 26.99 26.63 28.04 28.86 30.09 30.69 31.39 31.97 32.68 33.41 33.96 34.69 34.74 36.88 37.64 

::: 
26.70 26.76 27.88 28.09 28.73 30.24 31.13 32.46 33.10 33.82 34.47 36.10 38.01 36.69 37.28 37.40 39.66 40.36 
27.76 28.91 30.03 30.22 30.86 32.48 33.42 34.86 36.62 36.30 36.99 37.66 38.63 39.24 39.96 40.08 42.47 43.19 

6.6 29.86 31.09 32.20 32.38 33.03 34.74 36.76 37.27 37.98 38.80 39.64 40.24 41.28 41.93 42.66 42.79 46.30 46.06 
7.0 31.97 33.31 34.42 34.68 36.22 37.04 38.11 39.73 40.47 41.34 42.12 42.86 43.97 44.64 46.41 46.63 48.16 48.96 

t:: 
38.34 37.87 38.96 39.09 39.73 41.76 42.94 44.76 46.66 49.63 47.38 48.18 49.43 60.17 61.01 61.12 64.01 64.86 
40.86 42.68 43.67 43.76 44.39 49.63 47.94 49.93 60.80 61.88 62.81 63.66 66.06 66.86 66.77 66.86 80.01 SO.93 

10.0 46.66 47.47 48.64 46.60 49.22 61.67 63.10 66.28 66.21 67.39 68.40 69.31 60.84 81.70 62.69 62.77 88.19 87.18 
11.0 60.40 62.62 63.68 63.60 64.21 66.88 68.43 60.80 61.79 63.00 84.16 66.13 69.80 67.72 fM.79 88.88 72.66 73.61 
12.0 66.42 67.76 68.80 68.78 69.37 82.26 63.93 66.49 67.64 68.91 70.09 71.13 72.93 73.92 76.07 76.12 79.10 80.23 

16.0 71.49 74.48 76.48 76.34 76.86 79.42 81.49 84.61 86.84 87.62 88.96 90.18 92.41 93.67 94.99 96.00 99.87 101.23 
20.0 101.81 106.81 106.72 106.36 106.67 111.46 114.23 118.33 119.84 122.07 123.96 126.61 128.46 129.93 131.86 131.78 138.30 140.09 
26.0 136.80 141.36 142.16 141.62 141.68 147.70 161.24 156.37 168.16 160.97 163.36 166.26 168.96 170.74 173.26 '173.08 181.43 183.62 
30.0 173.94 180.99 181.66 180.73 180.47 188.03 192.40 198.60 200.69 204.11 207.02 209.28 213.81 216.88 219.07 218.78 229.13 231.80 
36.0 216.91 224.68 226.11 223.84 223.20 232.32 137.68 244.91 247.30 261.37 264.84 267.48 292.87 296.23 289.17 268.76 281.29 284.47 

ii':: 
261.6 272.0 272.4 270.7 209.7 280.6 286.7 296.2 297.9 302.6 306.7 309.7 316.0 318.7 323.4 322.9 337.8 341.6 

Fig 

310.9 323.2 323.4 321.3 319.8 332.3 339.6 349.3 362.3 367.8 362.6 386.9 373.2 376.1 381.8 381.1 398.4 402.7 
393.7 378.0 378.0 376.6 373.4 387.8 396.1 407.1 410.6 418.7 422.1 426.0 434.2 437.6 444.1 443.2 483.2 498.1 

so:0 
419.9 439.4 436.1 433.2 430.6 446.9 466.3 488.7 472.3 479.3 486.4 489.8 499.1 602.6 610.2 609.2 632.0 637.6 
479.6 498.2 497.7 494.3 490.9 609.4 620.0 633.7 637.7 646.6 662.4 667.2 667.8 671.4 680.1 678.9 904.7 610.9 

66.0 
70.0 

642.3 663.4 662.6 666.8 664.6 676.3 687.1 802.3 806.6 616.3 622.9 628.2 939.7 643.8 663.6 962.2 -1.1 688.0 

80.0 
808.3 631.9 630.9 626.4 621.6 944.6 867.6 674.2 678.9 888.4 866.9 702.7 716.4 719.7 730.8 729.1 781.3 788.9 
749.8 778.6 776.9 771.3 764.7 792.6 808.2 828.0 833.4 a44.8 864.9 861.9 877.0 881.9 896.6 893.4 932.6 941.6 

l&g 1067.8 1108.7 1106.6 1097.4 1086.8 1126.4 1146:s 117314 118O:S 1196:6 1209.8 1218:s 123913 1245:3 l264:8 1261:7 13113:1 1328.6 
903.0 937.7 935.3 928.6 920.0 963.0 971 6 994 6 1000 7 1014 0 1026.0 1034 1 1061 8 1067 2 1073 7 1071 1 1117 6 1128.4 

160.0 2061. 2129. 2121. 2106. 2081. 2162. 
iii:. 

2237. 2248. 2276. 2300. 
200.0 3271. 3393. 

2316. 2362. 2392. 2494. 2616. 
3361. 3366. 3424. 

ii%.: 

3947. 3971. 3726. 
4686. 4868. 4864. 4616. 35'63. 4988: Ez:: EC 3a07- 

2361. ;;EJ;. 
3738. 37a6. 3913. 3980. 

pY4: 6434;: 6636. 6333;: E$: 8g. a789. ?W&: 
6166. 6216. 6246. 6318. 6340. 6424: 

.Ei: 

6408. 6649. 6670. 

3so:o . . . 8049. . %: EE: ZX: 
7091. 7127. 7239. 7217. 7371. 7661. 
9021. 9070. 9213. 9186. 9364. 9696. 

400.0 9831. 10186. 10239. 10181. 10038. 10319. 10463. 10641. 10063. 10772. 10914. 10964. 11088. 11162. 11328. 11292. 11477. 11788. 
460.0 11787. 12210. 12284. 12219. 12046. 12373. 12628. 12760. 12760. 12902. 13076. 13119. 13276. 13364. 13694. 13622. 13724, 14102. 
600.0 13840. 14336. 14430. 14368. 14162. 14628. 14704. 14963. 14988. 16137. 16341. 16389. 16668. 16882. 1690s. 16869. 16080. 18629. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

~ZLCTlOIIC STOPPIIG POUXR 11 UIITS OF tlEV/tHG/SQ QI) 

m  AL SI CA n CB FB III W 
12 13 14 20 22 24 26 28 29 

~.t*.*.*+.**C...***.~*.****.*..********..***.************..*.*** 
444.01 42.06 42.66 38.73 33.47 31.88 3i.02 30.26 28.37 
43.36 41.48 42.14 38.61 33.41 31.99 31.13 30.47 28.60 
42.38 10.60 41.30 37.84 33.01 31.68 30.88 30.32 28.48 
41.29 38.69 40.32 37.19 32.43 31.20 30.46 29.96 28.17 
40.18 33.62 39.27 36.36 31.77 30.91 29.91 28.48 27.74 

SR 
38 

******. 
24.61 
24.97 

2:: 
24:SZ 

HO 
42 

t...... 
4:" 

I**+*** 

:::2 

:z: 
22117 

i:: 
8.: 
7:o 

16.0 

2: 

ZE 

El*8 
so:0 
66.0 
80.0 

EE 
260:0 

ii%: 

400.0 
460.0 
600.0 

:y; 
24174 

g.g 
23191 

14.69 23.79 
24.31 23.66 

13.98 23.23 
22.88 
22.49 

::::: 

38.01 
ii*2 
36:81 
34.83 

37.46 
34.41 

ii*:: 
33:bO 

36.48 
34.62 

x 
32:ll 

29.32 28.96 

%X 
27:21 
20.63 

26.81 
26.33 

:z: 
23:86 

:x 
23:86 

:3:X: 

21.06 11.90 
21.41 21.69 
21.14 21.26 
20.83 20.90 
10.61 20.64 

39.29 39.72 33.02 31.78 32.64 30.69 24.86 26.16 26.69 26.62 24.07 12.89 21.04 21.61 21.48 20.91 19.87 19.82 
m-84 37.44 31.39 30.23 Jo.97 29.20 26.77 26.03 24.61 24.48 23.10 21.99 11.19 20.80 20.68 10.16 19.23 19.13 
34.71 36.43 29.91 28.62 29.66 27.93 24.67 23.99 23.61 23.61 22.19 21.14 20.39 20.03 19.93 18.44 18.81 18.46 
32.83 33.64 29.68 27.66 26.26 24.76 23.67 23.03 22.69 22.61 11.36 10.36 19.64 19.32 18.23 18.78 18.02 17.64 
31.16 32.04 27.36 29.3s 27.08 26.69 22.76 22.16 21.83 21.78 x).67 19.62 18.96 18.66 18.67 18.13 17.46 17.16 

::.:3 
IL31 

:::it 

24.32 
20.62 
17.99 
16.02 
14.48 

16.47 
14.32 
12.71 
il.47 
10.47 

16.96 16.71 
13.96 13.89 
;;A: ;:.g 

lo:19 lo:08 

13.86 14.76 13.26 
12.73 13.68 12.23 
11.80 12.62 11.38 
11.01 11.80 10.66 
10.34 11.10 10.04 

24.12 

EE 
1s:es 
14.44 

13.22 
12.22 
11.38 
10.66 
10.04 

20.40 
17.47 
16.36 

:S:ll 

19.64 
16.89 

xi 
in:12 

18.66 17.72 17.14 16.90 
16.00 16.3i 14.81 14.66 
14.12 13.63 13.11 12.98 

:1':2 :::kT :M :X 

16.84 
14.81 

::fz 
lo:66 

12.79 11.44 11.13 11.14 11.20 9.89 9.82 9.81 
11.83 10.69 l"9.g 10.33 10.39 9.18 9.11 9.12 
11.03 Xf 

9: 6.60 11 

iE 9.70 6.68 8.63 8.63 

log: % 8174 8:64 9.11 8.60 t::(: 8.02 7.68 6.03 7.69 

%t 9.21 9.60 9.24 8.28 
s.:: ?G 

7.74 7.44 7.21 7.19 

9:06 
9.03 8.78 7.88 

7104 7110 ;.:t 
7.08 6.86 

8.23 8.01 2: 6:21 
6.48 8% 6.28 

f% E 7.39 
&IS 

6.61 8.66 Ei 6:82 6.80 
6.88 6.09 6.06 8.11 6.80 6.43 6.41 

6.386 6.862 6.344 6.187 6.361 6.231 4.709 4.643 4.626 4.674 4.436 4.272 4.163 4.149 4.168 
4.432 4.888 4.463 4.316 4.426 4.369 3.920 3.861 3.884 3.910 3.707 3.861 3.631 3.469 3.473 
3.879 4.283 3.907 3.786 3.874 3.828 3.446 3.346 3.398 3.440 3.183 3.213 3.108 3.047 3.080 
3.601 3.973 3.632 3.423 3.603 3.444 3.118 3.001 3.076 3.117 2.966 1.910 1.816 2.763 1.776 
3.226 3.671 3.268 3.167 3.233 3.198 2.879 2.776 2.843 2.880 1.733 2.889 1.602 1.666 1.667 

9.66 
8.98 

S-t: 
7:48 

9.60 
8.86 zs 
8.29 8109 

T:E 
7.62 
7.21 

t .:i 
8140 
7.72 
7.16 

7.10 
6.88 
6.18 
6.81 
6.41 

4.116 

h%B 
21730 
1.626 

7.01 6.86 
6.69 6.63 
6.13 6.99 
6.88 6.66 
6.30 6.19 

4.087 3.994 
3.463 3.342 
3.062 1.949 
1.768 2.676 
2.660 2.477 

:%3 
2: 712 

3.342 3.061 
3.163 2.889 
3.019 2.768 

z:t 
2:671 

1.996 2.698 2.601 1.806 
1.837 1.666 1.467 1.626 
1.710 2.441 2.369 1.413 

ALE 
1:448 

1.663 1.610 1.440 
2.429 2.388 2.311 
1.321 1.181 1.110 

m 
1:173 

1.408 
1.284 
1.184 

1.370 

:: :2: 

1.401 2.316 
1.178 1.206 
2.178 2.109 

. . . ..**.........**l*...................*.....*..***........**.....*.**.*.**....*.......*.~***.*.**~**..*.......*..**.**.**..~...*..~ 

E/A 51 n BA LA PB sn CD ED m  LU TA BE Ill AU F-8 BI nl u 
60 62 68 67 69 02 64 67 69 71 73 76 n 79 82 83 93 91 

I*........"*....*.**.....*.........*......*.**.~.*....~~.**..*....*.*.*.*.*.~.*..*..**..~*..**..**.........*..**.*.***~*.******.*.* 

2: 

S:i 
4.6 

19.64. 20.00 
Ez: 20:oo 

19.69 18.74 
20.06 20.19 

E8 231 
20104 20118 

19.68 18.46 
20.06 18.97 
20.24 19.18 
20.14 19.21 
20.12 18.13 

17.89 
18.40 
18.63 

:::t: 

$3; ;;A; 18.10 

17171 17138 ::% 
17.80 17.60 IT:10 
17.77 17.48 17.09 

16.79 16.64 
10.38 16.11 
18.66 16.43 
16.80 18.66 
16.81 16.68 

14.97 
16.68 
16.90 
16.06 
16.08 

14.78 
16.38 
16.70 
16.86 
16.88 

14.81 
16.11 
16.61 

X 

14.66 
16.14 

:tiz 
16:74 

14.06 
14.60 

:x% 
16:06 

6.0 

i:tt 
;:: 

20.67 19.83 19.97 
19.67 19.71 
19.28 19.42 
18.98 19.12 
18.67 18.81 

19.93 

:z 
19:12 
18.81 

18.97 
18.76 
18.61 
18.26 
17.97 

17.41 
16.84 

:t:: 
16:32 

14.01 

it: F 
t:: 

8.427 

:x2- 
17:06 
16.86 
18.62 

17.01 16.73 16.61 
16.86 18.60 16.39 
18.70 16.44 16.13 
18.61 16.26 16.06 
14.30 16.06 16.86 

16.04 

:: % 
16:63 
16.46 

16.84 16.66 16.69 
16.74 16.66 16.69 
16.60 16.42 16.46 
16.44 16.18 16.19 
16.27 16.08 16.11 

16.01 
14.91 

::c 
14173 

::: it 

:x 
14:s1 
14.46 
14.29 

18.01 

14.36 
12.66 
11.18 
10.11 

9.26 

8.646 

3% 
71023 
6.647 

6.317 
6.026 

:*::: 
41786 

:.i:: 
I:962 

18.06 18.18 18.21 
17.44 17.67 17.61 
16.86 16.98 17.03 
16.31 16.43 16.48 
16.78 16.90 16.96 

14.40 14.61 
12.69 12.68 
11.21 11.30 
10.14 10.22 

9.28 8.36 

8.676 8.643 
7.986 8.048 
7.483 7.642 
7.061 7.106 
6.074 6.727 

14.68 
12.77 

x: 
8144 

8.717 

f-i:; 
71183 
6.802 

8.343 8.393 
6.049 6.087 
6.661 6.686 
6.146 6.186 
4.806 4.844 

6.446 

:sx 
6:260 
4.906 

3.702 3.732 
3.090 3.116 
2.607 2.719 
2.449 2.467 
2.267 2.276 

33: 
1:760 
2.494 
2.309 

3.606 

2.129 2.136 2.168 1.120 
2.021 2.027 2.068 2.012 
I.933 1.840 1.889 1.826 

16.99 
16.46 

:x 
14:97 

13.70 

:;*x 
9174 
8.83 

8.266 

T% 
EL816 
6.466 

16.86 16.81 16.43 
16.39 16.17 16.00 
14.94 14.73 14.67 
14.61 14.30 14.16 
14.09 13.89 13.76 

14.88 

:t.:t 
13:69 
13.31 

%Z 
9:86 
8.98 
8.24 

14.70 
14.30 
13.90 
13.61 
13.14 12.46 

12.78 11.68 
11.28 11.18 
10.11 10.03 

X::: 9.11 8.38 

12.18 

log: fX 

t:: 

11.81 

'"9% 
8:Sl 
7.76 

7.828 7.769 7.638 
7.307 7.163 7.133 
6.862 8.812 8.702 
6.478 6.431 6.328 
6.142 6.099 6.003 

7.698 

zz 
8:302 
6.978 

7.483 
6.990 

:* E 
6:886 

7.601 
7.008 
8.686 
6.221 
6.902 

7.191 
6.720 

L% 
6:682 

6.846 6.806 
6.681 6.644 
6.134 6.100 
4.767 4.738 
4.460 4.431 

6.716 
6.469 

:*z 
41367 

6.694 6.606 

z%; 
4:662 

xt 
41678 

4.364 4.286 

6.820 
6.369 

:%? 
41298 

6.392 
6.162 
4.743 

t : :Ei 

3.466 3.436 
1.886 2.879 
2.643 1.639 
2.313 1.309 
2.144 2.140 

3,368 

:c:: 
2: 184 
2.117 

3.379 
2.833 
2.492 

:::: 

3.327 
1.790 

::fE 
1.070 

:.::z 
11444 
2.223 
2.0+1 

3.177 

:% 
2:164 
1.998 

1.016 1.011 1.990 1.977 1.946 1.961 1.937 1.879 
1.913 1.909 1.890 1.877 1.848 1.864 1.839 1.786 
1.831 1.828 1.810 1.798 1.770 1.776 1.761 1.710 

E.8 
26:0 

%:8 
40.0 
46.0 

Et-8 
6o:o 

%'"o*Z 
600:0 

16.38 

:z3 
14:92 
14.48 

x 
10:47 

9.60 
8.72 

16.16 
16.68 
16.22 

:::;i 
:?A;: 
10:39 

8.44 
8.86 

12.96 
11.42 
10.14 

9.31 
6.66 

7.920 
7.392 
6.941 

t:::: 

6.911 

Ed: 
4:SlS 
4.608 

1.044 

::t: 

8.874 

1.227 
2.113 
2.021 

8.073 8.026 
7.631 7.488 
7.068 7.030 
6.66.3 6.633 
6.319 6.287 

6.139 8.012 

xs 
41992 

L?ISf 
4:896 

4.646 4.678 

3.004 
3.014 
2.660 

::::: 

::::: 
:::E 
2.187 

2.099 2.084 

3% ::::: 

~~3~: 
6:ZCl 
4.874 
4.669 

3-z: 
2:s11 
1.373 
2.189 

2.088 
1.961 
I.877 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

73 
PAYGE II OYITS OF ffi/SQ Ql EFI ION 

36 

WA as 
4 . . . . . . . ...*..* 

2.6 

3:: Ez 
a:: 

$37: 
r:ero 

FE 91 
20 28 

~*.***.***.*.*~ 
3.430 9.790 

10.700 11.083 
11.373 12.366 
13.260 13.698 
14.563 16.027 

Ho 
42 

1******1 
11.332 
la.600 
16.263 

:t::;: 

nn 
46 4:G 

I . . . .  .  .  .  .  l **.* 

12.237 12.620 
14.147 14.406 
16.961 10.1es 
17.763 17.931 
13.667 19.706 

E 
8.823 a.637 11.561 11.743 11.627 13.224 14.673 16.391 16.903 16.373 17.011 18.093 18.803 19.611 19.787 W.284 21.383 21.437 
3.441 3.304 12.688 12.813 12.676 14.361 16.960 16.724 17.286 17.757 18.476 lS.W8 W.414 2l.leO 21.449 23.378 23.217 23.313 

6.0 10.294 10.221 13.046 13.313 13.653 16.606 17.277 18.087 18.666 13.184 19.389 21.213 22.064 22.837 23.139 23.713 26.074 26.167 
6.6 11.180 11.109 14.733 15.045 14.780 16.691 18.e27 19.482 W.073 W.600 21.494 22.819 23.726 24.646 24.860 26.490 20.356 27.032 
7.0 12.101 12.027 16.862 16.208 15.897 17.308 W.003 W.903 21.534 22.068 23.061 24.468 26.431 28.288 20.613 27.294 28.986 28.338 

8s 
14.04 13.36 18.18 18.63 18.26 20.43 22.87 23.86 24.64 25.10 26.27 27.84 28.94 29.87 30.22 31.00 32.78 32.86 

1o:o 
16.12 16.00 20.64 21.18 20.76 23.07 26.87 26.96 27.68 28.26 29.62 31.36 32.60 33.60 33.37 34.86 38.82 38.91 

11.0 
18.33 18.17 23.22 23.86 23.37 26.84 29.00 30.18 30.96 31.66 33.11 36.02 36.40 37.47 37.86 38.84 40.39 41.12 

12.0 
20.67 20.46 25.92 16.66 26.10 28.73 32.27 33.64 34.38 34.38 38.74 38.83 40.35 41.49 41.90 42.S8 46.31 46.47 
23.14 22.87 28.74 29.69 28.96 31.74 36.68 37.04 37.93 38.54 40.61 42.73 44.46 46.66 46.08 47.27 43.76 49.97 

16.0 

2:: 

31.32 30.79 37.36 39.13 38.25 41.51 48.70 48.34 43.39 60.02 62.66 66.51 57.61 69.02 69.50 61.00 63.38 84.39 
47.40 46.23 66.66 67.47 66.09 60.18 67.70 63.84 71.16 71.76 76.66 79.66 82.47 84.20 84.76 88.80 90.53 91.39 
88.43 64.36 76.23 78.76 76.76 81.72 91.88 94.66 98.13 96.88 102.00 107.08 110.87 112.91 113.63 116.13 120.67 122.05 

%:: 112.86 108.27 126.62 129.71 126.22 133.04 143.36 163.20 166:33 156:83 164:27 172:02 177184 180:49 161117 184:99 190.78 1$3:82 
88.28 86.07 99.64 102.86 100.16 106.04 119.13 122.37 124 22 124 67 131 57 137 93 142 89 146 04 146 70 148 SD 154.02 166 22 

ii.: 
140.1 133.9 154.1 163.2 154.8 182.6 182.5 186.9 189.4 183.5 WO.0 209.3 216.2 219.1 219.8 224.3 230.8 234.7 

so:0 
169.8 161.8 186.1 191.3 186.9 194.8 218.4 223.6 226.2 226.1 238.7 249.6 267.7 260.9 281.6 266.8 273.9 278.9 

66.0 
202.1 192.0 218.6 226.9 219.6 229.4 267.0 262.8 266.8 286.6 280.2 292.9 302.3 306.7 306.4 312.3 320.0 326.1 

W.0 
236.8 224.4 264.6 262.3 266.4 266.4 298.3 304.9 308.2 307.5 324.6 339.0 349.8 363.6 364.2 380.7 3S9.2 376.4 
273.9 268.3 292.7 302.3 233.6 306.7 342.2 349.5 363.1 362.2 371.7 388.0 400.2 404.2 404.8 412.1 421.3 429.7 

F?: 
313.1 236.6 333.2 344.1 334.0 347.4 388.8 396.7 400.6 399.3 421.4 433.7 463.6 467.7 458.3 4e6.3 476.2 485.9 

%2 

364.7 334.2 376.8 388.1 376.7 391.2 437.6 446.6 460.8 449.0 473.8 494.2 609.6 614.0 514.6 623.3 633.3 546.0 
444.6 417.4 467.7 482.8 468.6 486.6 642.6 663.2 666.0 666.6 686.1 611.0 629.8 834.6 636.0 '646.4 667.6 e71.3 

1oo:o 
642.7 508.4 667.8 586.1 588.6 688.3 667.0 863.4 674.8 671.3 708.2 738.0 760.4 766.7 766.8 777.8 731.6 808.4 
649.1 808.7 876.0 897.7 676.6 899.1 780.4 794.7 800.8 798.1 839.8 874.7 901.1 906.7 908.6 920.4 936.7 966.7 

160.0 1294. 1201. 1328. 
::::. 

1328. 1366. 1524. 1647. 1566. 1644. 1628. 1694. 1744. 1751. 1749. 
200.0 

1772. 
2108. 1944. 

2810. 2095. 3192: 3%: 3170. 
2200. p;. 

1797. 1834. 
2144. 2810. 2631. 2776. 2801. 

260.0 
2798. 2830. 

300.0 2%. 
360.0 6316: 

3782. 4161. 4292. 
4848. 6327. 

4173. y;. 4735: z:. 3a4g. 
3972. 4022. 

6387. 2%:. EX: 

2850. X2;. 

6144. 5311. El? . 
5496. 6364. . 6066. 6417: 6668. 6772. 6876. 8853: 6954. 6918: kt:: 

400.0 
w. 

6991. 6681. 6790. BglE. 6724. 7476. 7686. 7691. 7604. 7911. 8078. 8342. 
450.0 

8474. 8444. 8671. 
7207. 7913. 8166. 7960. 8080. 8981. 

8612. 8780. 
9246. 

600.0 9360: 8486. 9313. 
9116. 3008. 3496. 9689. 10007. 10168. 10130. 10283. 10202. 10626. 

9811. 9371. 9506. 10683. 10884. 10716. 10587. 11180. 11382. 11756. 11347. 11900. 12082. 11980. 12368. 

. . . . ..*.........*.t..*~*.*....~**...*....**..****.***..**.**..**.~*.*..*.*...***..**************..**...******.~*.~..*.***....*~*~**~~ 
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60 
111 

62 56 67 69 62 64 e7 69 71 73 76 77 79 82 83 30 92" . . . . . . . . . ..***......*....~......***.**.***...****.****.*.***.****....*.*****.***...*..**...***.*~**.**.**.......*~****..~...*.....** 

::: 
13.26 13.76 14.88 16.16 16.73 16.54 17.03 17.66 18.03 18.40 18.78 19.18 19.59 19.96 20.42 20.59 22.08 22.66 
16.16 16.76 18.87 

2: 
17 :04 

17.14 17.72 18.66 19.20 19.95 70.38 20.81 21.23 21.67 22.17 22.68 23.06 23.23 24.84 26.34 

18.91 
17.72 18.83 13.03 19.68 20.72 21.33 22.20 22.67 23.16 23.62 24.10 24.67 26.10 26.63 26.73 27.61 28.06 

4:s 
19.68 20.78 21.03 21.63 22.78 23.46 24.42 24.33 26.47 26.98 28.49 27.14 27.61 28.16 28.31 30.16 Jo.72 

20.80 21.65 22.76 22.38 23.69 24.84 26.67 26.64 27.19 27.76 28.33 28.87 23.60 30.03 30.68 30.82 32.77 33.37 

2: 
22.70 23.64 24.73 24.94 26.56 26.31 27.70 28.87 23.46 30.09 30.66 31.26 32.06 32.68 33.20 33.34 36.40 36.03 

e:o 
24.62 26.66 26.73 26.93 27.68 29.00 29.85 31.12 31.73 32.42 33.06 33.68 34.63 35.09 36.73 36.86 38.04 38.70 

6.6 
26.67 27.68 28.76 28.36 29.58 31.12 32.03 33.39 34.04 34.78 36.44 36.08 37.02 37.61 38.28 38.41 40.70 41.39 

7.0 
28.66 29.76 30.83 31.00 31.63 33.27 34.23 36.69 M.37 37.16 37.86 38.63 39.63 40.16 40.86 40.38 43.38 44.11 
30.67 31.86 32.93 33.08 33.71 36.46 38.47 38.02 38.73 39.66 40.30 41.00 42.08 42.72 43.46 43.67 48.10 46.86 

tc 
34.70 36.17 37.23 37.36 37.98 33.92 41.06 42.78 43.66 44.48 45.29 46.06 47.26 47.98 48.76 48.87 61.64 62.46 

1o:o 
38.98 40.63 41.68 41.78 42.39 44.63 46.77 47.68 48.61 49.54 60.43 61.26 62.68 63.34 64.21 64.31 67.32 68.20 

11.0 
43.41 46.26 46.23 46.36 46.36 49.29 60.65 62.74 63.62 64.74 66.71 66.69 68.06 68.87 59.82 69.90 63.17 84.11 

12.0 
48.00 60.02 61.06 61.08 51.67 64.21 66.63 67.96 58.89 60.11 61.16 82.09 85.68 64.66 66.68 66.66 89.18 70.19 
62.74 64.36 66.98 66.37 68.64 69.29 60.89 63.32 64.32 66.64 BB.78 87.76 69.47 70.42 71.61 71.58 76.36 76.44 

16.0 67.89 70.73 71.71 71.59 72.08 76.48 77.46 80.42 81.63 83.19 8Q.66 86.73 87.86 88.96 90.31 90.32 94.97 98.26 

it:: 128.39 133.66 134.44 133.86 133.33 133.73 143.03 147.94 149'66 162'31 164'56 166'37 169'89 161'68 163 97 lfi3.80 171 72 173'81 
98.26 100.23 101.13 100.79 101.11 106.66 108.29 112.18 113 61 116 73 117 52 119 00 121 80 123 21 126.04 124 96 131.17 132 84 

30.0 164.20 170.88 171.64 170.67 170.44 177.80 181.74 187.60 189:69 132:83 136:68 197:72 W2:Ol 203198 W7:OO W6:73 216:64 219'07 
36.0 W3.66 211.76 212.23 211.11 210.53 219.16 224.12 231.06 233.31 237.16 240.46 242.96 248.05 260.23 264.01 253.63 266.48 268:43 

ii?: 
246.4 266.2 266.6 266.1 264.1 264.3 270.1 278.2 280.7 286.2 269.1 291.9 297.9 WC.4 304.9 304.4 318.4 322.0 

5o:o 
292.6 304.2 304.4 302.6 301.0 312.9 319.7 328.9 331.7 338.9 341.3 344.6 351.4 364.2 369.6 368.3 376.3 379.4 

66.0 
342.0 366.6 366.6 363.2 361.2 364.8 372.6 383.1 386.2 392.1 397.1 400.8 408.6 411.7 417.9 417.1 436.0 440.6 

60.0 
394.6 410.1 409.9 407.2 404.7 420.1 423.0 440.6 444.1 460.7 466.4 IO.6 463.3 472.6 479.8 478.8 600.3 606.6 
450.3 468.0 487.6 444.4 4Sl.2 478.6 488.6 601.6 606.3 612.8 613.1 623.6 633.4 637.0 646.2 544.0 668.3 674.2 

2: 
603.1 628.3 528.3 624.6 520.8 640.2 661.3 666.8 683.7 677.8 586.0 690.1 800.9 604.7 614.0 612.7 839.8 846.3 

2: 

670.8 693.0 592.1 687.9 683.3 804.9 617.2 832.3 637.3 646.3 864.2 669.7 071.6 676.7 886.1 684.6 714.8 722.0 
702.9 730.0 728.6 723.3 717.2 743.3 768.0 E'6.6 781.7 792.4 801.9 ED8.6 822.6 827.3 E40.1 838.1 874.8 883.4 
846.1 878.8 876.6 870.1 802.2 893.2 910.6 932.2 338.0 960.5 981.8 963.4 986.0 991.1 1006.5 1004.2 1047.8 1067.9 

100.0 1000.0 1038.3 1036.6 1027.9 1018.0 1064.2 1074.4 1099.2 1106.7 1120.1 1133.2 1142.0 1161.1 1166.8 1186.0 1182.1 1233.2 1244.9 

160.0 1918. 1390. 1983. 1968. 1946 ‘ 2012. 2049. w32. 
200.0 

2102. 2127. 2200. 

260.0 3. 

2161. 2166. 2208. 
3163. 

3:::. 3:7 
3318. 

4636. 4746. 
300.0 6846: 

y.& $334. pg. g43;. 3481. 3433. 
4SS6. 

W63. 6132: 
360.0 7460. 7720. 

6221: 6333~. 6361: 6422: 6602: 6633: C!818. E? 
7813. 7926. . 8082. 8173. 8278. 6312. 8417. 8463: 

400.0 9171. 3601. 9663. MS7. 
460.0 10934. 11388. 11457. 113W. Ii?%: l?%: if%: li%i: 11902. 12034 12196 12237' 12382 12466* 12662' 12612' 12801' 13154' 

-38. 10043. 10181. 10219 10344. 10403 10667 10634 10707 10336 

500.0 12908. 133S8. 13467. 13390. 13198. 13643. 13713. 13966. 13362. 14117: 14307: 14352: 14613: 14607: 14837: 14791: 14937: 16416: 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

84 
QLBCTMIIC STOPPIWJ POWER IS UlITS OF WV/tHG/Sq QI) KR IOYS 

38 

E/r w IG AL SI CA n CR FE 
4 *c 12 13 14 2G 22 24 16 

+*.+*+++.+++.*.*...*..*..*..*...**.**.*......*.**...***...*....***.*.* 

::i 84.64 61.74 90.12 68.49 46.86 46.00 43.01 43.09 44.23 43.73 40.12 39.94 34.64 34.67 33.10 33.17 32.12 32.26 

i:% . 66.31 68.96 63.86 64.67 62.91 69.67 M.04 42.93 41.77 42.18 41.19 W.09 42.90 41.91 10.96 39.64 39.39 37.90 33.02 34.26 33.69 32.40 31.81 32.88 31.08 32.04 31.62 

II aJ 
28 29 

.++**+*.*+*.L. 
31.32 29.37 

GE SE SR ZR UO ltn 
32 34 33 W 42 46 4:G 

+L*.++*.*.*...*......*...**.***.*.**....*****..* 
27.92 lb.24 26.47 26.18 24.26 21.74 22.63 
27.93 29.00 26.88 26.69 24.09 22.39 23.11 
27.69 29.82 26.91 26.66 24.79 22.68 23.26 
27.84 29.42 26.76 26.61 24.69 22.76 23.20 
27.27 28.10 26.47 26.24 24.46 22.67 23.01 

::t 49.48 61.67 60.73 48.94 10.92 39.49 39.99 37.92 39.79 38.72 30.92 38.03 32.31 31.68 31.18 30.60 30.48 29.88 30.09 29.62 28.32 27.79 '28.36 28.83 26.28 26.71 26.11 24.70 
47.66 47.29 38.39 W.89 37.89 36.18 30.86 29.83 29.22 28.93 27.24 26.86 24.82 24.28 
46.79 46.69 37.34 36.9G J6.89 34.30 30.14 29.18 28.60 28.33 29.70 26.36 24.38 23.84 
44.12 44.21 38.34 34.96 36.74 33.48 29.44 28.61 27.98 27.76 28.16 24.86 23.89 23.40 

24.90 24.14 
24.61 23.78 
24.10 23.40 
23.87 23.00 
23.24 22.60 

22.76 
22.44 

::% 
21138 

22.39 21.79 
21.67 21.02 
20.80 20.28 
pJ8 :;.g 

20.71 

:KE 
18.81 
18.24 

:zi 
19127 
18.63 
18.03 

17.02 17.23 16.69 16.43 
16.32 16.01 14.63 14.36 
13.80 13.34 13.06 12.78 
12.27 12.06 11.82 11.66 
11.20 11.01 10.62 10.68 

10.33 10.16 
9.60 9.46 
8.99 8.86 
8.46 8.33 
8.00 7.88 

7.69 
7.24 ;::: 
B.BJ 6.66 
6.14 6.06 
6.73 6.66 

4.394 4.349 
3.672 3.623 
3.236 3.182 
2.936 2.887 
2.716 2.872 

‘E 
8.73 
8.22 
7.78 

9.77 
9.10 
6.62 
8.03 
7.60 

7.39 
7.06 
6.47 
6.99 
6.69 

7.23 
6.89 
6.33 
6.86 
6.48 

4.298 4.221 
3.662 3.633 
3.228 3.118 
2.926 2.831 
2.708 2.620 

2.647 2.607 2.641 2.469 
2.416 2.378 2.410 2.333 
2.310 2.274 2.304 2.231 

l **..***.....* 

PR 91 
62 a3 

l *.*.*....*.*. 

16.12 16.16 
16.74 16.78 
16.08 16.12 
16.26 16.28 
10.29 16.33 

. . . . . ..I 

nl 
90 

..I...., 

14.63 
16.11 

:i% 
16:62 

)****I 

92" 
)...I. 

14.36 
14.94 
16.26 

2:: 

1o:o E 

41.18 41.64 34.48 33.18 33.96 31.92 28.12 27.27 26.79 20.61 26.10 23.87 22.98 22.63 

38.84 m.42 37.10 39.18 31.27 32.79 31.68 30.13 32.36 30.88 50.49 29.17 26.77 28.90 28.12 26.08 26.68 24.89 26.66 24.66 24.10 23.17 22.94 22.07 22.11 21.29 21.70 20.91 
11.0 34.48 36.24 29.89 211.81 29.66 27.97 24.74 24.07 23.71 23.83 22.31 21.27 20.62 20.17 
12.0 32.72 33.68 28.64 27.62 28.34 26.67 23.79 23.17 22.83 22.77 21.60 20.61 19.81 19.49 

16.0 26.61 29.60 26.49 24.60 26.27 24.07 21.36 20.84 20.66 70.66 19.42 18.66 17.94 17.98 

it8 23.86 20.33 24.70 21.37 21.64 18.90 20.91 18.28 18.82 21.61 20.69 18.08 18.33 18.12 17.92 16.78 17.71 16.62 17.74 16.67 16.78 14.83 18.06 14.20 16.64 13.76 16.36 13.62 

E:I 17.92 16.07 18.92 17.04 16.86 16.24 16.30 14.76 16.79 16.20 16.17 14.68 14.44 13.12 14.16 12.87 14.02 12.76 14.08 12.82 13.33 12.14 12.78 11.64 12.39 11.30 12.28 11.21 

it8 13.43 14.01 16.64 14.32 13.96 12.89 13.60 12.48 13.92 12.87 13.48 12.49 11.16 12.04 11.82 10.98 11.73 10.87 11.79 10.94 11.17 1Og.i: . 1"9.'$ 10.33 

6o:o &x 
12.46 13.31 12.00 11.62 11.99 11.62 ‘“9.;; 9:03 t:tE 
11.62 10.92 12.46 11.71 11.24 10.69 10.89 10.28 11.24 10.69 10.90 10.28 '"9.;; 9:22 '"9.;; 9107 lOg.:i 9:oi '"9.;: 9:07 9:10 8.60 t%z 8:26 8.60 8.03 7.99 8.46 

%:8 9.71 

x.:5 

10.02 9.63 9.74 9.26 a.74 8.31 8.69 8.18 8.64 8.13 8.60 8.19 ;.:: 7.84 7.47 7.62 7.26 7.23 7.69 

1Do:o !E 7:7e 7.22 

8.69 8.46 7.69 7.47 7.43 7.49 7111 6.84 6.64 6.62 

8.01 7.46 7.81 7.27 6.63 7.01 t:Ei 6.87 6.40 6.93 6.46 8% . 6.32 6.90 k% . 6.13 6.72 

160.0 6.693 6.194 6.848 6.482 6.866 6.630 4.977 4.907 4.888 4.940 4.888 4.616 4.389 4.384 

E8:Z 4.887 4.102 4.632 6.167 4.709 4.132 4.663 4.004 4.679 4.097 4.049 4.809 4.146 3.643 4.071 3.639 4.086 3.694 3.638 4.134 3.919 3.460 3.860 3.397 3.286 3.733 3.667 3.222 

23 3.703 3.412 4.096 3.777 3.736 3.447 3.620 3.340 3.706 3.420 3.694 3.383 3.046 3.296 3.176 2.936 3.266 3.007 3.047 3.298 3.127 2.891 3.078 2.844 2.978 2.762 2.922 2.702 

woo.0 3.191 3.636 3.228 3.127 3.203 3.169 2.864 2.763 2.819 2.867 2.711 2.666 2.681 2.636 

it%:: 3.018 2.879 3.346 3.193 3.066 2.918 2.990 2.826 3.033 2.897 3.001 2.867 2.703 2.682 2.810 2.498 2.671 2.663 2.707 2.688 2.670 2.467 2.626 2.414 2.446 2.337 2.404 2.298 

..**.*..*.*.tC..*..C.*~...**..*..**.....*..*.~**...**..**.*...**...*.*.*.*.*..***.**.*~.***~.****.***.**. 

B/A St 62* W” 6? 6gpIL 82sH WGD 6?’ 8gm ,lL” 73” 76RE 771R 79’” 60 
..*****...U..+**.............*.***.***..~.*........*......****.**~*..**.*.*..*****.**..*...*.~~*....*~.* 

::: 21.19 21.99 20.21 20.71 20.26 20.76 20.41 20.91 20.23 20.76 19.08 19.63 18.60 19.06 17.47 18.00 17.10 17.71 16.66 17.27 16.33 16.96 16.06 16.69 16.46 16.12 16.29 16.91 
21.86 10.89 20.94 21.09 20.97 19.88 19.31 18.36 18.02 17.69 17.28 17.02 16.47 16.26 
21.84 20.88 20.93 21.08 20.99 19.93 19.37 18.48 18.14 17.73 17.42 17.17 16.64 16.43 
21.69 20.76 20.80 20.96 20.88 19.86 19.31 18.44 18.14 17.74 17.44 17.20 16.69 16.48 

16.0 

iii:: 

E:8 

160.0 

ii::: 

EC: 

woo.0 

%:8 

zz: 
20:06 
19.76 
19.44 

16.81 
18.19 

:;*ti 
1e:re 

16.06 

x 
lo:66 

9.76 

9.023 

18.94 
18.32 

:x: 
18:61 

16.17 
13.29 

:~~t”t 
9: 83 

m  
2:062 

20.69 
20.46 

fw 
19:69 

:x*2 
18:76 
18.60 
18.24 

18.33 

:x 
17176 
17.63 

17.69 17.37 17.14 16.66 16.44 
17.63 17.26 17.03 16.66 16.36 
17.36 17.09 16.88 16.42 16.22 
17.17 16.90 19.70 16.26 16.06 
16.98 16.70 16.60 16.07 16.88 

17.69 17.04 16.83 16.61 16.26 
17.16 16.64 16.36 16.04 16.81 
16.62 16.06 16.87 16.69 16.36 
16.12 16.69 16.41 16.14 14.93 
16.63 16.12 14.97 14.71 14.61 

16.07 16.67 
16.63 16.26 

::*:; 
14:36 

::.t: 
14:04 

16.60 16.30 16.34 14.67 14.60 
16.09 14.90 14.93 14.28 14.12 
14.69 14.60 14.63 13.90 13.74 
14.29 14.10 14.13 13.62 13.37 
13.90 13.72 13.76 13.16 13.01 

16.26 14.99 14.33 13.90 13.77 
13.38 12.88 12.61 12.26 12.16 
11.96 11.61 11.28 
10.83 10.44 10.23 

'"9.; IOg.;: 

9.92 9.68 9.39 9: 17 9:11 

9.181 8.864 8.694 6.492 8.442 
8.667 8.286 8.109 7.926 7.881 
9.026 7.766 7.810 7.443 7.402 
7.688 7.314 7.180 7.026 6.968 
7.168 6.930 6.804 6.6do 6.626 

:z; 
lo:76 

9.77 
8.96 

13.37 
11.82 
10.61 

9.66 
8.88 

::.:: 
IO:62 

9.68 
8.81 

12.96 

:A.:; 
9:41 
8.86 

12.84 

:A::% 
9.36 
8.61 

8.331 
7.780 
7.309 
6.901 
6.646 

8.234 
7.691 

3%: 
61472 

8.171 

793 
6:776 
6.427 

6.034 
7.607 
7.067 

8:% 

6.472 6.338 

XTX 
6:289 

:%: 
6:167 

4.926 4.833 

7.991 
7.471 
7.026 
6.639 
6.301 

6.231 6.162 
6.962 6.886 

i*bZ 
4:769 

x.2:‘: 
4: 706 

XX 
6.380 
4.998 
4.678 

FE 
6: 299 
4.924 
4.610 

6.002 

!Ez 
4:sOs 
4.697 

3.990 3.872 3.809 3.743 3.729 
3.341 3.238 3.188 3.136 3.124 
2.919 2.839 2.808 2.769 2.761 
2.838 2.677 2.662 2.608 2.610 
2.443 2.387 2.384 2.324 2.328 

3.091 
3.094 

:-:ii 
2:SOO 

3.630 
3.043 
2.686 
2.442 
2.263 

3.2G 
2:666 

:.Kz 
2:636 

2.416 2.398 
2.240 2.224 

2.294 2.242 2.220 2.183 2.186 
2.177 2.129 2.107 2.073 2.076 
2.083 2.037 2.016 1.984 1.966 

2.162 2.131 2.127 2.106 

::X:: :: k% ::k% ::fE 

2.091 2.068 2.066 2.049 1.988 
1.986 1.966 1.962 1.946 1.888 
1.902 1.873 1.878 1.863 1.809 

16.26 
16.16 

E:: 
16.69 

16.29 
16.20 
16.08 
16.90 
16.73 

16.68 

2% 
16:21 
16.04 

:kE 
16:19 
16.04 
14.87 

12.67 
11.23 
10.11 

9.21 
8.48 

::2: 
10:13 

9.23 
8.60 

12.16 

‘“9.;: 
8184 
8.14 

12.02 
10.67 

9.61 
8.76 
8.07 

7.870 

x:: 
6: 636 
6.203 

3% 
6:936 
6.663 
6.219 

7.663 7.492 
7.072 7.006 
6.661 6.689 
6.286 6.228 
6.966 6.912 

6.908 

i:% 
4.832 
4.624 

EE 
6:213 
4.846 
4.637 

6.683 
6.432 
6.003 
4.661 
4.366 

EE: 
4.969 
4.610 
4.318 

3.616 3.626 3.366 
2.960 2.969 2.920 
2.694 2.903 2.686 
2.361 2.369 2.362 
2.189 2.198 2.180 

3.367 
2.826 

:% 
21114 

:x.:: 
17:66 
19.99 
16.46 

1.9.97 

:3 
17:21 
16.88 

:t-:l 
IT:02 
16.60 
16.00 

16.84 16.03 
13.68 13.16 
12.19 11.73 
11.03 10.62 
10.10 9.73 

y3& 

8: 161 

p9: 

7: 861 
;.98; ;.z 

8.912 6.691 
6.291 

t*‘M”: 
6:OlS 

4.040 3.896 

2.360 2.276 
pm: :.l6; 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAlGE 11 UlITS OF HCG/.Sq Q( KR IOUS 
38 

E/A BE 
8" 12 

n2 AL SI CA TI CR FE II (XI GE SE SR is tl0 Fn 
4 I3 I4 20 22 24 26 28 29 32 34 38 40 42 46 47pc 

.*.*.+*....*....+1.*~***...***.~.**.**.....*.***~.*.***....*...~*.**.*.*.~*~~.*****..******.~*.*..*..*.......*....~*.....~*..*.*...~ 
2.6 6.220 6.010 7.071 7.050 6.920 a.242 8.930 9.416 9.780 10.150 10.370 11.060 11.430 11.962 12.160 12.370 12.747 13.080 

i:: 8.581 5.885 8.448 5.718 7.897 6.940 8.016 9.003 7.874 8.843 10.349 9.290 10.141 11.369 10.684 11.956 11.083 12.388 11.484 12.816 11.791 13.210 12.570 14.074 14.594 13.017 13.689 16.207 13.812 16.460 14.083 16.779 16.609 14.847 14.914 16.724 

::: 7.310 8.073 7.204 7.987 10.898 S.PO6 10.011 11.046 10.849 9.834 12.624 11.426 12.696 13.864 13.241 14.649 13.708 16.047 14.168 16.618 14.836 16.084 16.589 17.116 16.177 17.776 16.832 18.472 17.091 18.746 17.476 19.186 20.206 18.367 18.631 20.348 

6.0 8.870 8.801 11.917 12.108 11.890 13.848 15.140 15.883 16.411 IS.301 17.564 18.668 19.397 20.133 20.420 20.914 22.084 22.183 
6.5 9.702 9.644 12.986 13.200 12.QQl 14.800 18.465 17.245 17.804 18.310 19.061 20.248 21.044 21.819 22.120 22~.696 23.941 24.042 
6.0 IO.568 10.637 14.046 14.323 14.080 16.980 17.801 18.638 19.226 19.748 2Q.678 21.867 22.721 23.534 23.848 24'.448 25.839 26.927 
8.5 11.409 II.421 16.164 16.477 15.190 17.189 19.178 20.062 20.678 21.216 22.136 23.498 24.429 26.280 25.607 10.267 27.783 27.843 
7.0 12.404 12.366 16.296 16.663 18.360 18.429 20.688 21.619 22.163 22.713 23.726 26.171 zB.170 27.068 27.398 28.099 29.714 29.791 

8.0 14.38 14.32 18.67 19.13 16.76 21.00 23.61 24.53 25.23 25.80 27.00 28.62 29.78 30.72 31.08 al.88 33.71 33.79 
9.0 16.48 16.40 Il.17 21.73 21.30 23.89 26.58 27.68 28.43 29.03 30.42 32.21 33.48 34.52 34.90 36.81 37.83 37.93 

10.0 18.72 18.60 23.79 24.46 23.96 26.61 29.75 30.96 31.77 32.38 33.98 35.94 37.38 38.48 38.87 39.88 42.08 42.21 

:::?I 
21.10 20.93 26.64 27.30 26.74 29.46 X3.08 34.38 35.25 35.87 37.67 39.82 41.38 42.66 42.98 44.09 46.48 46.65 
23.60 23.37 29.41 Jo.28 29.64 32.62 38.64 37.94 38.86 39.49 41.61 43.84 46.64 46.79 47.24 48.45 51.01 61.23 

16.0 31.87 31.40 38.76 39.97 39.08 42.44 47.74 49.43 60.51 61.16 53.88 65.78 58.93 60.38 60.88 62.42 65.47 55.89 
20.0 48.13 47.03 58.71 58.66 67.16 61.37 69.04 71.24 72.69 73.22 77.20 81.19 64.16 86.94 80.62 88.61 92.42 93.31 
25.0 67.36 85.37 77.63 60.10 78.09 63.19 93.54 QB.28 97.90 98.47 103.89 109.07 112.94 116.06 115.88 118.36 122.88 124.38 
30.0 89.41 89.30 101.11 104.49 101.77 107.80 121.12 124.43 128.33 128.80 133.82 140.30 146.15 147.67 148.26 161.62 156.75 158.99 
35.0 114.21 109.73 127.37 131.62 128.10 136.10 151.68 155.90 167.78 168.11 166.89 174.79 180.70 183.42 184.13 188.03 193.93 197.03 

40.0 
45.0 

141.8 136.6 156.2 161.4 167.0 166.0 186.1 189.7 192.2 192.3 203.0 it:.; 219.5 222.6 223.2 227.9 234.3 238.4 
171.7 163.7 187.6 193.8 188.4 197.5 221.4 228.8 229.4 229.3 242.1 261.4 284.7 256.4 270.7 277.9 293.0 

50.0 204.2 194.2 221.4 228.7 222.2 232.4 290.4 256.3 269.4 269.1 284.0 298:s 306.4 310.0 310.7 318.6 324.5 330.7 
66.0 239.1 225.8 267.6 2db.0 258.4 259.7 302.1 308.7 312.1 311.6 328.8 343.4 364.4 358.2 368.9 306.6 374.1 381.6 
80.0 276.4 261.7 296.1 306.8 297.0 309.4 348.3 363.8 367.4 356.5 378.3 392.8 406.2 409.3 410.0 417.4 428.7 436.2 

%.: 
316.0 298.6 335.8 347.9 337.8 361.4 393.2 401.4 406.3 404.1 426.4 446.0 469.0 483.3 463.9 472.0 482.1 491.9 

so:0 
367.9 337.5 379.9 X32.3 380.8 396.8 442.5 461.6 466.8 464.1 479.2 499.9 516.5 620.0 620.8 629.5 640.3 651.6 
448.3 421.4 472.4 467.7 473.2 490.8 548.3 669.1 684.0 681.6 592.4 817.5 635.8 641.8 942.0 562.6 664.8 670.6 

90.0 547.1 613.0 573.2 691.7 674.0 594.1 ~393.5 676.1 681.7 678.1 716.6 745.5 768.2 773.6 773.8 786.0 799.9 818.9 
100.0 854.2 812.1 682.2 704.0 682.8 705.7 787.8 802.3 908.6 803.8 848.0 883.2 909.9 916.7 916.5 929.6 946.1 PBS.3 

160.0 1303. 
:i::. :%. 

1380. 
::i:: 

1377. 1634. 1669. 1659. 1667. 1841. 1707. 1768. 1786. 1783. 1787. 1812. 1849. 
200.0 2122. 

2829: 3115: 
2227. 2216. 2456. 2606. 2615. 2493. 2829. 2711. 2798. 2821. 2817. 2861. 2871. 2946. 

260.0 3083. 3213. 3124. 3191. 3661. 3618. 3515. 3680. 3775. 3875. 3999. 4049. 4040. 4094. 4098. 4214. 
300.0 4164. 3807. 4188. 6177. 6346. 6421. 6408. 6483. 6467. 6831. 
360.0 6347. 4876. 6359. 

43;9: .l;l~: WI: 4766. 4873. 4847. 4795. 6067. 
8093. 8262. 5192. 8123. 6456. 5599. 6814. 8918. 6696. 8998. 8951. 7178. 

400.0 8822. 6027. 6619. 8830. 9867. 8763. 7619. T?31. 7636. 7649. 7958. 8128. 8392. 8525. 8496. 8822. 8664. 8833. 
460.0 7977. 7250. 7968. 8008. 8127. 9033. 9299. 9188. soao. 9651. 9748. 10056. 10228. 10189. 10344. 10283. 10688. 
600.0 9402. 8538. 9366. 8;:: 9424. 9669. 10624. 10948. 10777. 10648. 11224. 11448. 11823. 12018. 11969. 12161. 12049. 12430. 

. . ..**..*....*..*****..*..........****~..*...**.**~.**..*....*.*....*.*...*.****....***..****..........~*.*****.....~......*....*~~~ 
E/A SI n BA LA FR SH GO HO ln LU TA RE IR AU PB BI Tri 

60 62 66 67 69 82 84 87 89 71 73 76 77 79 82 83 90 Q2" 
.*...***.**..*1+.~.*...*..*..**.**.***..~********..**.********.*****..****~.*********.*****...***~*******~.*~.*~...***~**~**~*~**.~~ 

2.5 13.74 14.26 16.41 15.71 15.30 17.14 17.84 18.29 la.88 19.08 19.46 19.87 20.28 20.88 21.15 21.33 22.88 23.37 
3.0 16.70 15.31 17.46 17.74 18.34 19.30 19.87 20.86 21.09 21.63 21.97 22.43 22.94 23.35 23.87 24.04 26.71 25.23 
3.5 17.62 18.33 19.47 19.74 20.36 21.43 22.06 22.98 23.44 23.94 24.42 24.92 25.61 26.96 28.60 28.87 28.45 29.01 
4.0 19.64 20.34 21.47 21.73 22.36 23.53 24.23 26.24 26.76 25.31 26.84 27.37 28.04 28.52 29.10 29.28 31.18 31.76 
4.6 21.47 22.36 23.49 23.72 24.36 26.85 28.40 27.61 28.07 28.88 29.26 29.81 30.68 31.07 31.88 31.83 33.86 34.47 

6.0 23.42 24.39 26.61 25.74 25.38 27.77 28.59 29.79 30.39 31.06 31.58 32.28 33.08 33.52 34.25 34.41 36.64 37.19 
6.6 25.39 28.44 27.57 27.78 28.42 29.91 30.79 32.09 32.73 33.44 34.09 34.72 36.61 36.18 36.86 36.39 39.24 39.93 
8.0 27.38 26.63 29.66 29.84 30.49 32.08 33.01 34.42 36.09 35.86 30.53 37.19 38.16 38.78 39.48 39.80 41.98 42.68 

% 
29.41 30.64 31.76 31.94 32.68 34.28 36.27 39.77 37.47 38.28 39.00 39.69 40.73 41.36 42.10 42.22 44.71 46.45 
31.47 32.79 33.90 54.08 34.71 38.61 37.56 59.16 39.86 40.74 41.60 42.23 43.33 43.99 44.78 44.88 47.49 48.27 

8.0 36.69 37.19 38.29 38.43 39.07 41.07 42.23 44.01 44.80 45.76 48.60 47.38 48.52 49.36 50.18 50.29 63.14 63.99 
9.0 40.06 41.74 42.83 42.94 43.67 46.77 47.06 49.01 49.87 60.92 61.84 52.68 64.06 54.84 66.74 $5.84 58.95 69.86 

10.0 44.67 46.46 47.53 47.60 48.22 60.63 62.03 64.17 66.08 68.23 57.23 68.13 69.63 60.48 81.46 61.64 64.91 66.88 
11.0 
12.0 

49.24 61.32 62.39 52.42 63.03 55.64 67.16 69.48 60.46 81.70 62.77 83.74 85.37 68.28 87.33 97.40 71.04 72.08 
54.07 56.34 67.40 67.40 67.99 60.81 62.45 64.95 66.98 87.33 88.48 59.60 71.27 72.24 73.37 73.43 77.34 78.45 

16.0 69.48 72.39 73.41 73.29 73.80 77.28 79.30 82.36 83.66 86.19 88.69 87.79 89.96 91.11 92.50 92.61 97.29 Pa.61 
20.0 99.27 102.34 103.28 102.94 103.27 107.92 110.62 114.80 116.07 118.24 120.08 121.69 124.46 126.89 127.78 127.71 134.08 136.77 
26.0 130.86 138.22 137.06 136.46 136.66 142.48 146.91 160.87 162.62 155.34 167.64 169.49 163.08 184.81 167.28 167.10 176.20 177.33 
36.0 167.12 173.90 174.62 173.74 173.63 180.83 186.06 191.04 193.07 198.38 199.18 201.38 206.76 207.76 210.86 210.68 220.80 223.18 
36.0 206.94 216.28 216.86 214.67 214.10 222.88 227.94 236.01 237.32 241.24 244.69 247.15 252.34 264.83 268.43 268.05 270.13 273.21 

260.2 280.2 260.7 269.1 268.1 258.6 274.5 282.7 286.3 289.8 293.8 2P6.7 302.7 306.3 309.9 309.4 323.7 327.3 
296.9 308.7 308.9 307.0 305.8 317.8 324.5 333.9 336.8 342.0 346.8 343.9 356.9 369.7 365.1 364.6 381.2 385.3 
348.8 390.5 360.6 368.3 366.3 370.1 378.0 368.6 391.8 397.8 403.0 409.7 414.8 417.7 424.0 423.2 442.4 447.2 
399.9 416.6 416.6 412.8 410.2 426.9 434.9 449.7 460.2 456.9 482.8 467.0 475.9 479.2 486.6 485.6 607.4 612.7 

80.0 466.1 474.0 473.8 470.4 467.2 484.9 496.0 508.2 612.0 619.6 626.0 630.7 640.5 644.2 562.6 651.4 5713.1 682.0 

86.0 

%I: 

616.4 535.5 634.9 631.2 627.4 547.1 668.3 672.8 677.0 685.3 692.6 697.7 608.5 812.6 521.9 820.5 848.2 654.8 
577.6 800.1 699.2 696.0 690.4 612.3 624.8 840.7 646.2 864.2 W2.3 697.9 880.0 984.1 694.7 693.2 723.8 731.1 
710.8 738.3 736.8 731.6 725.4 761.8 7686.7 785.6 790.7 WI.8 811.3 817.9 832.2 836.9 849.9 Ma.0 885.1 893.9 

Ig:: 1010.1 1048.8 1046.1 1038.3 1028.4 1056.0 1086.6 1110.6 1117.2 1131:7 1146.0 1163:Q 1I73:3 I179:O 1197.6 1194.B I246:2 1258.1 
865.1 868.0 886.9 879.6 871.6 902.8 920.6 892.4 948.2 960 9 972.3 980 0 995 8 1002 0 1017.7 1015.3 1069 4 1059.7 

160.0 1934. 2007. 2000. 1986. 
E;. 

2030. 2065. 2110. 2120. 2145. 2170. 2186. 221s. 
200.0 3076. 

2263, 2267. 2363. 2374. 
3193. 

:::i. :::5. 
3279. 3343. 

2228. 

44661 . z::. 
3358. 3396. 3433. 3456. 3607. 

260.0 4404. 4686. 
3576. 3666. 3986. 3747. 

300.0 5884. WPS. 0112: . 
7800. FE: E: %~: 

~~:: 2% 
4793. 4847. mm;. 4932. 6000. EE? 6100. 6086. 5219. 6332. 

360.0 7497. 7769. 7976. 8121: ::i: z%. 
8678. 

8331: 8366. 2:: 
8896: 8601. 6781. 8925. 7095. 

. 8617. 8852. 8826. 8794. 9012. 

400.0 9227. 9669. 8610. 9666. 9421. 9086. 9611. 9987. 9999. 10111. 10244. 10282. 10407. 10467. 10833. 10599. 10774. 11083. 
460.0 11069. 11466. 11625. 11464. 11302. 11609. 11764. 11904. 11973. 12106. 12268. 12310. 12459. 12530. 12728. 12688. 12878. 13233. 
500.0 12981. 13446. 13636. 13407. 13276. 13628. 13793. 14063. 14043. 14199. 14391. 14436. 14604. 14,,93< 14924. I4878. 15080. 16507. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powen for Heavy Ions 

TABLE I. Stopping Power and Range for Hemy Ions 
See page 8 for Explanation of Table 

86 
fucr~o~xc sroppm mnsrt u uws OF nsv/(n~(o/sg PI) RB 101s 

37 

h/A a3 
8c 12 

IG AL SI CA n CB FB II aJ GE 66 SR ZB no nB 
4 13 14 20 22 24 26 28 29 32 34 3a 40 4l 46 4" 

~..*.....**...+..~I......**.*...*....~.**~...........*...~~.**..*.***......~..*****..~~..*******...*..**.**.....*....*..**........*. 

a:: 87.12 84.28 02.22 80.84 .4S.88 47.28 46.17 44.84 46.00 46.33 41.62 41.37 36.87 36.87 34.24 34.36 33.40 33.22 32.39 32.89 30.38 30.88 28.66 28.91 27.13 27.63 28.32 28.78 28.02 28.48 26.08 26.66 22.48 23.18 23.39 23.90 

4:6 34 

81.43 68.73 46.70 43.77 44.61 40.83 36.61 34.08 33.20 32.68 30.81 28.89 27.67 28.83 28.67 26.87 23.49 24.08 

68.72 68.19 60.71 64.72 44.68 4J.41 42.74 41.84 43.61 42.44 3S.24 4G.09 34.96 34.28 33.80 33.01 32.79 31.26 32.26 31.7S 30.32 29.90 28.86 28.29 27.39 27.08 28.89 26.41 28.44 28.18 26.68 26.38 23.67 23.61 24.04 l3.86 

t:: 63.86 61.89 62.81 60.98 42.24 41.08 40.64 39.46 41.36 40.27 38.38 37.46 33.68 32.82 32.37 31.69 31.86 31.02 31.26 30.07 29.40 28.87 27.86 27.37 28.89 26.26 26.08 26.86 26.84 26.46 26.06 24.89 23.34 W.11 23.81 23.30 

t*: 
710 

49.89 47.86 4S.29 47.86 3S.S6 38.89 38.40 37.38 39.22 38.20 3.68 36.89 32.08 31.36 31.01 30.34 30.38 29.74 30.07 29.47 28.32 27.78 28.87 26.38 26.79 26.32 26.22 24.78 26.03 24.80 24.31 23.91 22.84 22.63 22.98 22.60 
48.14 4S.13 37.88 H.41 37.23 34.86 30.84 29.67 29.11 28.87 27.21 26.86 24.86 24.33 24.17 23.60 22.21 22.23 

1o:o iE 

43.10 43.38 36.96 34.69 36.40 33.26 29.29 28.41 27.90 27.71 28.13 24.86 23.92 23.46 23.30 22.88 21.66 21.49 

40.48 38.16 40.96 38.79 34.22 32.86 32.96 31.46 32.23 33.74 20.44 31.78 28.89 28.04 27.23 28.13 26.77 26.71 26.82 26.90 24.18 26.11 23.90 23.01 22.19 23.03 22.80 21.80 22.47 21.98 21.89 21.14 20.24 20.8S 20.77 20.08 

2:: 30.12 34.31 CM.87 36.16 31.23 2S8.93 jo.09 28.88 30.88 29.81 29.20 18.07 26.82 14.84 26.12 24.19 24.74 23.83 24.86 23.77 23.27 22.46 22.18 21.41 21.41 20.87 21.04 10.33 20.24 20.94 20.43 19.78 19.82 19.03 19.42 18.81 

16.0 29.92 30.91 28.87 26.73 29.43 26.17 22.33 21.79 21.60 21.48 20.30 19.39 18.76 18.48 18.41 18.00 17.43 17.17 

2: 24.84 21.38 26.91 22.44 22.68 19.83 21.91 19.17 22.64 19.74 21.67 18.98 19.19 18.SO 18.76 18.66 18.66 16.38 18.67 18.43 17.67 16.64 18.81 14.89 14.43 18.27 18.07 14.18 16.03 14.26 16.71 13.98 16.31 13.88 16.02 13.39 

2: 18.86 18.92 19.89 17.92 18.01 17.69 17.11 16.60 17.63 16.97 18.98 16.42 16.16 13.78 14.86 13.61 14.71 13.39 14.77 13.48 12.76 13.98 13.40 12.23 11.88 13.00 12.88 11.77 12.87 11.78 11.68 12.94 11.38 12.40 12.12 11.10 

40.0 16.39 18.36 14.87 14.20 14.64 14.16 12.86 12.42 12.32 12.39 11.74 11.28 10.93 10.86 10.86 

%8 
66:o 

14.16 13.12 16.07 14.01 13.68 12.03 12.23 13.13 13.64 12.82 13.11 12.23 11.73 10.96 11.62 10.78 10.88 11.43 11.60 10.76 10.90 I;.;; '"g.;! 1"g.z lOgA; lOg.8i&l 9:31 
11.26 13.11 11.84 11.47 11.83 11.46 

80.0 11.61 12.33 11.16 10.81 11.16 10.83 '"9.:; . '"g.;: . 1Og.i; . 
10.11 1"9.:t 

9.66 S:O6 
9120 8:S4 8189 8:SO 8.77 
8.70 8.46 8.41 8.42 8.30 

Et: 10.86 10.30 11.07 11.60 10.66 10.03 I;.;; 

1oo:o 2.: 7108 E8 

1°.08 9.16 8187 

X% , 2% 8.18 7.81 

:&KS 

260:0 

6.009 4.948 6.636 6.463 4.971 6.981 4.817 6.786 

4.332 4.784 4.363 4.228 
x0.0 3.910 4.324 3.H6 3.823 
360.0 3.803 3.988 3.841 3.627 

1o-66 ‘“9.18 9.20 9.06 8.69 6.26 8.02 
10.03 

8:91 8.23 

X:G 8.61 x.:x 

7183 

%Z 

7:S0 7.30 

8.18 7.86 7.64 ET 

%Z 
7186 

7.39 7.28 7.88 7.49 6.93 Z% 7.00 6:SS 6.48 
7.88 6.88 6.78 3% . 6.81 6.46 8:21 t.2: . 8.03 

6.909 6.836 6.262 6.178 6.168 6.213 4.947 4.794 4.631 4.626 
4.939 4.888 4.376 4.298 4.312 4.384 4.137 4.076 3.941 3.800 
4.326 4.276 3.847 3.736 3.786 3.841 3.643 3.687 3.470 3.402 
3.913 3.869 3.482 3.362 3.437 3.481 3.302 3.260 3.146 3.086 
3.812 3.673 3.216 3.100 3.178 3.218 3.063 3.004 Z.SO7 2.864 

7.78 7.81 
7.41 7.26 

4.636 4.688 4.636 4.464 
3.876 3.826 3.886 3.729 
3.417 3.380 3.408 3.292 
3.099 3.049 3.092 2.989 
2.867 2.821 2.880 2.787 

400.0 3.370 3.733 3.409 3.303 3.383 3.347 3.014 2.907 2.977 3.017 2.863 2.816 2.726 2.677 2.690 '2.848 2.084 2.697 
460.0 3.188 3.633 3.228 3.126 3.203 3.170 2.866 2.767 2.621 2.880 2.714 2.888 2.683 2.639 2.661 2.612 2.646 2.484 
6Go.o 3.041 3.372 3.082 2.986 3.080 3.028 2.727 2.636 2.898 2.733 2.696 2.649 1.469 2.428 2.440 2.402 2.434 2.367 

. . . ..**..*.***..**...*~*..*...*..~...**...*..***......****....**.......******..*****.....****..**..~**.*..**~*...~~.......*.**...... 
6/A SI I'S BA LA F'S SH GO 80 RI LU 73TA RE nIR 7SAU 82W =BI goT6 S2U 

60 62 66 67 69 82 84 67 69 71 76 
. . . . . . . . ..*...........*.....*.*.......****~..*.......*..*.*.....**.....****.**.**.*~~.~*.*~~**......**..**..**...~*.*.*..***.***.*.. 

21.89 20.89 20.94 21.09 20.90 19.71 19.11 18.04 17.88 17.20 16.87 16.69 16.99 16.79 16.82 16.60 16.01 14.83 
22.43 21.42 21.47 21.62 21.47 20.30 19.70 18.67 18.31 17.86 17.63 17.26 16.67 18.46 16.27 19.31 16.62 16.44 
22.83 21.83 21.67 21.83 21.71 20.67 19.98 19.00 18.86 18.20 17.88 17.62 17.06 18.83 16.64 16.68 16.97 16.78 
22.63 21.64 21.68 21.84 21.74 20.84 20.06 19.12 18.79 18.36 18.04 17.79 17.14 17.02 16.82 18.88 16.14 16.96 
22.49 21.62 21.66 21.72 21.66 20.68 20.01 19.11 18.60 18.36 18.07 17.83 17.30 17.08 16.88 16.92 18.19 16.C4 

2.6 
3.0 

1:: 
4.6 

6.0 
6.6 

i:; 

21.27 21.32 21.38 21.61 21.47 
22.00 11.07 21.11 21.28 21.23 
21.70 20.78 20.63 20.07 20.96 
21.38 20.46 20.62 20.67 20.66 
21.04 20.17 20.21 2G.36 20.38 

19.88 19.02 18.72 18.32 18.02 17.78 17.27 17.06 16.86 18.89 18.16 
la.69 18.88 18.68 18.19 17.90 17.67 17.16 18.S7 16.76 16.60 16.07 
19.47 18.67 18.41 18.03 17.74 17.62 17.04 16.84 16.84 16.67 16.96 
19.22 18.46 18.20 17.84 17.66 17.34 16.88 16.88 16.48 18.62 16.79 
18.96 18.12 17.98 17.62 17.36 17.14 18.70 18.61 18.30 16.34 16.63 

16.97 

:-ii 
1o:o 
11.0 
12.0 

20.36 19.63 19.67 19.71 
19.70 18.90 lB.94 19.07 
19.08 18.29 18.33 18.46 
18.46 17.71 17.76 17.88 
17.87 17.18 i7.20 17.32 

16.34 16.70 16.73 16.86 
14.31 13.76 13.80 13.SO 
12.78 12.29 12.33 12.42 
11.67 11.14 11.17 11.26 
10.60 10.21 10.24 10.32 

19.73 
19.11 
18.61 
17 .s4 
17.39 

16.87 

:f% 
17120 
16.69 

16.31 

18.41 17.72 17.60 17.17 
17.02 18.70 

:t*z 
16:81 

:0-:t 
16:34 

16.91 

:xi 
16:6e 
16.13 

16.72 16.92 16.96 
16.61 16.64 
16.10 16.13 
14.70 14.73 
14.30 14.34 

16.26 
%8 
ir:oi 
13.93 
13.67 

16.93 
14.00 
12.62 
11.36 
IO.42 

Il.97 14.62 14.36 14.16 13.96 13.82 13.63 13.41 13.23 13.26 12.69 
13.19 12.82 12.72 12.62 12.38 12.26 12.01 11.92 11.76 11.78 11.27 
11.82 11.61 11.41 11.28 11.12 11.02 

1"g.x; '"9.b 1Og.g '"9.:; log.;; I:$ 

1Og.i; 

9:08 

'"9.;; 

9:03 

'"9.;: 

8:SO 

Ii.2 

8: 92 

1"9.;$ 

a:sr 

12.66 

:3 
9:18 
8.48 

ii:: 

it: 
8o:o 

9.808 9.444 8.477 9.660 9.843 
9.139 6.802 8.834 8.903 8.993 
8.670 8.166 8.286 8.361 8.439 
8.080 7.784 7.814 7.876 
7.863 7.373 7.402 7.480 Ez 

7.278 7.011 7.039 7.094 7.176 
6.942 6.690 6.717 6.770 6.849 
6.376 6.144 6.170 6.219 6.294 
6.912 6.688 6.722 6.768 6.839 
6.626 6.326 6.348 6.391 6.469 

9.310 

X-3f 
I:693 
7.292 

6.938 

S.lSi 

8% 
7:662 
7.169 

8.919 t% 
7:7aa 
7.360 
6.972 

8.847 
8.081 

z;:: 
6.810 

8.681 
8.021 
7.641 

3: :i: 

8.438 8.392 

5E 
7:012 

a% 
6:982 

8.666 6.619 

8.264 8.286 

6.626 6.643 

7.888 

ZE 
Ii660 
6.220 

1:: 

cc: 
100: 0 

6.812 6.671 6.638 6.668 8.486 6.440 6.340 6.317 8.218 6.234 6.981 
6.606 6.372 6.341 6.280 6.197 6.164 8.060 6.038 6.944 6.969 6.718 
6.981 6.862 6.836 6.788 6.706 6.667 6.682 6.683 6.476 6.491 6.269 
6.662 6.444 6.420 6.369 6.301 6.268 6.188 6.172 6.091 6.106 4.900 
6.193 6.081 6.073 6.016 4.983 4.930 4.869 4.846 4.769 4.782 4.690 

160.0 

Zi:: 

2:: 

4.263 4.110 4.127 4.181 
3.670 3.448 3.446 3.470 
3.162 3.044 3.Olt 3.036 
2.862 2.766 2.736 2.744 
2.660 2.660 2.633 2.641 

4.319 

E% 
21786 
2.680 

s:x 3.894 3.863 3.829 3.777 3.767 3.708 3.719 3.671 

iS86 
3-1z 
2:916 

3.266 3.232 3.211 3.171 3.161 3.113 3.123 3.082 

2.696 
2.S82 2.839 2.936 2.803 2.783 2.739 2.748 2.729 

2.660 2.621 2.683 2.678 2.661 2.632 2.493 2.601 2.483 
2.408 2.466 2.429 2.394 2.390 2.386 2.349 2.312 2.320 2.302 

E% 
6:223 

t:::: 

3.641 

2.488 2.403 2.379 2.387 2.423 
2.380 2.180 2.268 2.286 3.300 
2.268 2.181 2.180 2.147 2.200 

:*39x 
2:162 

2.346 2.306 2.308 2.283 2.261 
2.228 2.189 2.191 2.166 2.137 
2.130 2.096 2.098 2.076 2.046 

xi 
21042 

2.223 2.208 2.174 2.181 2.164 
2.112 2.098 2.086 2.072 2.066 
2.022 1.008 l.S?B 1.984 1.987 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RLIGE II UIIIS OF MO/SO Ql aB 101s 
37 

WA BE 
ec 12 

l9.i AL SI CA II ca 
4 13 I4 20 22 24 

.**..**..****.*1...**.*.***..*~**..~.*.***.***..*..*..*.*.****, 
3:: '6.160 6.807 4.960 6.041 O.SS2 7.8Se 0.970 7.916 6.640 7.772 8.142 9.166 10.003 9.920 IO.639 9.301 

i:: 6.493 7.191 6.363 7.090 8.816 9.767 8.677 9.869 8.7I8 9.683 10.139 11.260 II.194 12.400 11.780 13.030 
4.6 7.931 7.863 IO.723 10.667 10.672 12.321 13.627 14.311 

F-6 II (21 GE SE SR 7.n no Rn 
26 28 29 32 34 38 40 42 46 4+G 

,**.**********.******.*******.~*****..****.****..*****~*******.*.***.* 
S.eeO IO.030 10.260 10.930 11.290 11.803 12.010 12.218 12.692 12.920 

10.934 11.334 11.640 12.407 12.843 13.402 13.627 13.896 14.462 14.716 
12.209 12.63(1 13.026 13.877 14.394 14.967 16.228 16.663 16.272 16.486 
13.497 13.940 14.420 16.363 16.930 18.674 16.831 17.211 18.077 18.260 
14.804 16.273 16.831 16.846 17.490 18.174 18.446 IS.879 19.681 20.024 

6:0 :G 

8.704 8.643 11.716 11.901 11.697 13.416 14.880 16.611 16.133 16.621 17.266 18.369 19.071 19.794 W.079 20.666 21.696 21.814 

10.346 9.609 10.311 9.462 12.736 13.786 12,964 14.066 Il.728 13.797 16.686 14.637 16.161 17.471 16.938 18.294 17.490 I8.874 
17.994 18.723 19.899 W.676 21.436 21.736 2 .273 23.624 23.626 
19.394 20.209 2I.Q(H1 22.309 23.108 23.420 26.374 26.464 

6.6 11.220 11.168 14.863 16.178 14.696 16.662 18.811 19.680 20.288 20.821 21.726 23.083 23.972 24.608 26.132 
2 3 .006 
2 .771 27.247 27.330 

7.0 12.126 12.096 16.971 16.330 16.023 16.067 W.162 21.090 21.732 22.279 23.271 24.691 26.666 26.639 24.876 27.664 299.147 29.228 

1o:o 8.8 

14.03 14.00 18.28 16.73 16.36 20.66 23.02 24.02 24.71 26.28 26.46 28.06 29.16 30.10 30.46 31.26 33.03 33.11 

16.07 18.23 16.01 18.16 20.70 23.24 23.89 21.24 20.82 23.40 23.16 26.31 26.99 29.08 30.27 27.08 
27.83 29.41 29.76 31.63 32.77 33.79 34.17 36.08 37.04 37.14 
31.07 31.67 33.23 36.16 36.63 37.62 39.02 39.01 41.17 41.30 

11.0 20.62 20.40 26.91 20.66 26.10 28.77 32.31 33.69 34.44 36.06 36.81 38.92 40.44 41.69 42.01 43.10 46.44 46.60 
12.0 22.94 22.76 28.69 29.63 26.91 31.74 36.67 37.04 37.94 38.67 40.63 42.82 44.48 46.70 48.14 47.33 49.84 60.06 

16.0 30.91 30.61 37.73 38.91 38.04 41.36 48.61 46.16 49.22 49.86 62.60 66.36 67.46 68.87 69.37 60.87 63.86 64.26 
20.0 4e.69 46.60 66.08 66.86 66.62 69.66 67.10 69.26 70.67 71.20 76.07 76.97 81.86 63.60 84.17 89.93 SD.80 
26.0 66.09 e3.28 76.17 n.67 76.72 90.72 SO.76 93.43 96.02 96.69 100.86 106.89 109.66 111.72 112.34 I 

it: 110:16 W 32 106:SS 83 44 123:19 97 90 101 I27:3I 18 l23:92 36 66 104 130:76 46 117.36 146.81 120.69 160.63 122.44 162.78 122.92 163.10 129.73 161.60 136.03 169.27 140.74 176.00 143.11 177.67 143.78 178.37 146.98 162.16 162.04 187.90 164.22 190.90 

ii:: 136.6 166.4 130.9 166.0 161.0 161.1 166.0 187.2 182.0 161.7 169.6 130.6 213.9 179.0 183.6 219.0 186.9 221.7 186.0 221.7 196.4 234.0 206.6 244.7 212.4 262.7 216.3 266.0 216.0 266.7 220.4 261.7 226.8 268.0 230.7 273.7 

ii:: 230.2 196.6 187.2 218.6 213.6 246.4 220.7 266.6 214.6 249.3 224.4 2eO.3 261.6 291.6 296.0 267.2 260.2 301.3 269.9 300.7 317.4 274.4 266.7 331.6 342.2 296.0 299.6 346.9 300.2 346.6 306.0 363.0 313.7 361.4 319.6 388.6 
60.0 266.0 262.1 286.4 234.8 266.3 298.4 334.1 341.3 344.9 344.0 363.1 379.1 391.1 3Q6.1 395.7 402.9 411.9 420.2 

%"o 304.0 344.2 267.6 324.9 324.6 s6.9 336.3 377.9 326.6 366.8 338.8 381.3 379.1 426.6 387.0 436.2 439.4 390.9 389.7 437.8 411.3 462.0 429.2 482.0 442.7 497.0 447.0 601.6 447.6 602.0 466.4 610.7 466.2 621.1 474.7 631.9 

2:: 430.9 626.8 406.6 493.6 464.8 661.6 469.6 689.4 466.6 662.4 472.6 671.9 638.8 628.1 660.9 638.6 643.3 666.3 663.0 640.9 e88.9 670.8 717.9 696.1 613.4 739.8 618.3 746.1 618.7 746.3 628.9 767.0 640.8 770.6 664.3 766.9 
100.0 628.6 688.6 e66.2 e77.2 8s6.9 679.0 768.0 772.0 778.0 TT3.6 816.1 860.1 876.8 681.4 981.4 894.8 909.9 929.4 

160.0 1261. 1162. 1286. 1326. 
200.0 2036. 1879. 2072. 2137. EZ: :::3. 

1474. 1498. 1608. 1496. 1677. 1641. 1689. 1636. 1696. 1717. i742. 1778. 
2367. 2406. 2416. 2394. 2624. 2803. 2684. 2709. 2706. 2730. 2767. 2828. 

260.0 
iz 

2716. 2388. 2997. 3062: 3407. 3470. 3470. 3436. 3023. 371s. 3686. 3877. 3929. 3933. 4046. 
300.0 
360.0 6127: 

%F, 40i6- y3;. 4033. 4109. 4671. 4662. 4601. 4861. 4986. EX. 6186. 6260. 6246. 6403. 
. 6138. 6302: 6166. 6264. 6843. 

Fc?.:. 
. 6938. 6876. 6192. 6329. 6636: 

%i:: 
6814. 6711. 6677. 8883. 

400.0 e348. 6780. 6346. %? 6363. 6486. 7210. 7413. 7322. 7236. 7631. 7792. 8048. 8176. 8146. 8268. 8213. 6470. 
460.0 76646. 6961. ;;7;. 

9266: 
7676. 7'791. 6660. 8916. 8769. 8686. 9167. 9344. 9860. 9806. 9769. 9918. 9840. 10162. 

600.0 QOIZ. 8183. . 9033. 9164. 10184. 10493. 10331. 10208. 10760. 10976. 11336. 11619. 11474. 11649. 11649. 11917. 

.**...,~*+**.**......*****.*.******~.*.*.************.*..**.**..~..****..*.**.~*****...**.*.****..~*.****.~..*..*....***.*...*.~~..* 
E/A SI TE BA LA P6 e2SI! gqCD 67E0 6QR( 7ILU 731A 76ffi 771R 7QAU Q2PB 8391 %TR 92U 

60 62 66 67 69 
~.C...I.~.L*I*.**....**.*.*.....*.**.****~*****...*..*..*.~.*******..*.**~.*.......*.***.*****.*.*....*.*.***.*~**..*.*..~........*. 

$2 13.67 16.48 14.08 16.09 16.22 17.22 16.61 17.60 16.10 16.10 16.93 19.06 19.62 17.43 20.39 18.07 18.46 20.82 21.26 18.83 21.69 19.22 22.14 19.63 22.64 20.04 23.04 20.41 23.66 20.89 21.06 23.72 25.37 22.60 23.09 26.89 
2: 

4:6 

17.37 19.26 20.03 18.06 21.16 IS.19 19.4e 21.40 X.07 22.02 21.13 23.19 21.76 23.88 22.64 24.67 23.12 26.36 23.61 25.93 24.09 26.46 24.67 26.97 26.16 27.63 26.69 28.10 26.13 28.67 26.29 28.82 28.06 30.70 31.29 28.61 

21.13 22.00 23.12 23.36 23.98 26.26 26.00 27.09 27.64 28.24 28.80 29.36 30.09 30.69 31.19 31.34 33.33 33.96 

6.0 23.03 23.98 26.10 26.32 26.96 27.32 28.13 29.32 29.91 30.66 31.16 31.74 32.66 33.08 33.71 33.86 36.96 38.61 

i:: 24.96 2e.89 26.98 26.01 27.10 29.l2 27.31 29.32 27.94 29.96 29.41 31.63 30.28 32.46 31.66 33.63 32.19 34.46 32.89 36.23 33.62 36.91 34.14 38.66 36.02 37.60 36.68 38.10 38.24 38.78 36.37 38.91 38.60 41.26 39.27 41.96 

P:: 28.66 30.87 30.07 32.I7 3l.18 33.27 31.36 33.43 32.00 34.07 33.67 36.84 34.64 36.67 J(l.12 38.43 36.81 39.16 37.60 40.00 38.31 40.76 41.46 58.99 40.01 42.64 40.63 43.19 41.36 43.94 41.47 44.06 43.93 46.63 44.67 47.40 

2: 34.97 39.22 38.46 40.87 37.64 41.96 37.68 42.06 38.31 42.69 40.28 44.66 41.42 46.11 43.16 49.03 43.96 48.87 44.89 49.91 46.71 60.80 46.48 61.63 47.69 62.97 48.40 63.74 49.22 64.63 49.32 64.72 62.14 67.76 52.97 66.68 
10.0 43.61 46.46 4S.62 48.69 47.21 49.67 60.94 63.04 63.94 56.07 66.04 68.93 68.40 69.23 60.18 60.26 63.68 64.64 
11.0 48.14 60.17 61.23 61.27 61.87 64.44 66.93 68.20 69.16 60.38 61.43 62.37 63.97 64.66 66.89 66.96 69.63 70.66 
12.0 62.82 66.06 66.10 66.10 66.69 69.46 61.06 63.61 64.62 66.84 66.97 67.97 69.70 70.64 71.76 71.81 76.66 76.74 

16.0 67.76 7O.eO 71.62 71.60 72.02 76.42 77.40 80.38 81.66 83.16 84.63 86.71 87.82 68.94 90.30 SO.31 94.99 96.30 

it: 127'Il 36 62 
162:II 

132'32 39 69 
166:70 

100 133'17 63 
169:43 

100 132'60 20 
168:69 

100 132:71 64 106 138'49 08 
176:61 

107 141'82 72 
179:61 

III 146'66 64 
186:44 

113.04 148 36 
167141 

116.16 161 01 
ISO: 

116.94 163 26 
193:36 

118.43 166 06 
196:60 

121.22 168.66 160 122.62 24 
201:71 

124.46 162.62 124.39 162.47 130.60 170 37 
214:21 

132.28 172.46 
30.0 168.41 199.76 204.71 204.46 216.73 
36.0 200.62 206.60 209.20 208.06 WT.63 216.06 220.98 227.84 230.10 233.91 237.17 239.66 244.69 246.92 260.61 260.24 262.00 264.99 

ii:: 242.2 287..2 261.9 236.6 262.4 238.9 260.9 297.0 260.0 296.6 307.3 260.0 286.8 314.0 273.6 323.1 276.3 326.9 260.7 331.0 284.6 336.4 338.7 287.4 346.4 293.3 296.8 346.2 300.2 363.4 299.7 362.8 313.6 369.0 317.1 373.0 
336.2 348.6 348.6 34e.4 344.6 367.9 586.6 376.8 376.9 384.7 389.7 393.4 401.0 404.0 410.2 409.4 428.0 432.6 
386.3 401.6 401.4 396.6 396.3 411.6 420.2 431.7 436.1 441.6 447.3 461.4 460.0 483.2 470.3 489.4 490.6 496.7 
440.4 467.6 467.3 464.3 461.2 468.3 479.1 430.8 494.6 601.8 608.1 612.6 622.2 626.7 633.6 632.7 666.6 662.3 

66.0 497.4 616.8 618.2 612.7 609.0 628.1 639.0 663.0 667.0 666.0 672.1 677.0 687.6 691.4 800.6 699.3 626.9 632.3 
70.0 667.2 678.9 676.1 674.1 689.7 690.8 e02.8 618.2 622.6 831.4 (US.2 844.6 666.2 680.3 670.6 669.0 696.6 706.7 

1oo:o it.: 

ee6.1 711.8 710.3 706.2 8S9.3 724.6 739.3 767.6 762.6 772.9 782.3 788.7 802.6 807.1 619.6 817.8 853.7 8B2.1 

623.7 972.6 1009.8 866.4 1007.2 863.6 847.3 999.8 839.6 990.3 1026.6 989.9 1046.3 986.9 1069.6 608.1 1076.0 913.7 1090.0 926.9 1102.6 937.0 1111.4 944.4 1130.1 960.6 1136.6 966.7 
980.8 978.6 1021.1 1031.0 

1163.4 1160.6 1200.6 1211.9 

160.0 2% 1929. 1923* &i%? 1886. 1961. 1987. 7028. 2038. 2063. 2086. 2101. 2133. 2142. 2176. 
200.0 

4227: 
E5: ii%: 

4346: 
3262. 3297. iE~ 3369. 3381. 3434. 

$2:. 2262. 2283. 
3639. 3699. 

260.0 4663. 4707. 4600. 4820. 4636. 4882: 6010. 6119. 

300.0 6646. 6661. 66'64. 6823. 6280. 6310: 8393. 6426. 6626. 6606. 8846. 360.0 7191. 7461. 7462. 7436. 7333. %Z. . 7991. 8024. 8126. 8170. 8299. 8274. 8426. ZE. . 

400.0 8848. 9167. S216. 9163. 9034. 9268. 3403. 9678. 9689. Qe96. 9824. 3661. 9981. 10039. 10197. 10166. 10333. 10610. 
460.0 lobO3. 10984. 11060. 10982. 10837. 11132. 11271. 11471. 11481. 11609. 11764. 11804. 11944. 12016. 12206. 12167. 12349. 12689. 
600.0 12446. I2891. 12977. 12911. 12727. 13086. 13224. 13467. 13464. 13614. 13797. 13841. 14029. 14087. 14309. 14264. 14464. 14868. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

IUCTROIIC sTOPPI POSER I3 UIITS OF WV/tlfG/SQ Qf) SR 109s 
36 

WA as 
ec 12 

IE AL SI CA n CR Fe II W GC ss SR zlt 
4 13 14 20 11 a4 10 28 29 32 34 36 40 

.*.*.*......*.......~.*.*...*.***~*....**.*........*.**.*.**...*......*..........*..**~*..~..*.*.**.*.*..***..*.. 

i:: fJS.71 66.64 %4.31 62.79 48.91 48.33 4S.73 44.11 47.37 49.94 41.91 41.41 37.07 37.II 36.38 36.63 34.33 34.66 33.44 33.80 31.38 31.73 23.69 19.49 28.01 28.44 27.46 27.14 26.47 27.36 
$3.84 Wo.89 47.37 46.34 46.11 41.16 3S.77 36.18 34.37 33.71 31.46 19.89 28.63 27.74 27.44 
41.14 68.67 MI.16 44.32 46.12 41.66 36.11 34.81 33.94 33.41 31.40 29.47 26.34 27.43 17.37 
6IJ.64 64.46 46.04 43.11 44.04 40.70 36.64 34.23 33.43 32.96 30.99 29.31 18.04 27.34 27.11 

kx 
31.34 32.34 17.87 2%.49 27.41 24.24 23.32 22.76 12.44 22.43 X.19 20.24 19.64 IS.28 19.21 la.78 18.19 IT.91 

2610 
26.06 27.15 23.74 22.93 23.68 11.64 20.07 19.42 19.39 19.42 18.37 17.67 17.01 14.80 I4.74 14.41 14.00 16.70 
21.44 23.63 lQ.76 20.09 20.48 19.86 17.70 17.32 17.14 17.19 18.17 15.68 15.10 14.94 14.91 14.43 14.31 14.01 

30.0 19.80 20.87 18.66 17.94 18.48 17.70 16.68 16.64 16.42 IS.48 14.46 14.04 13.42 13.49 13.48 13.24 12.98 12.70 
36.0 17.76 18.4I 16.80 14.24 10.74 14.17 14.45 14.17 14.05 14.11 13.34 12.82 12.44 12.34 12.33 12.I2 11.91 11.64 

40.0 14.18 17.18 16.40 14.91 16.37 14.86 13.28 13.04 12.93 13.00 12.31 Il.82 11.47 II.39 II.36 11.20 11.02 10.77 

E-8 
55:o 

14.68 16.44 14.24 13.79 14.22 13.74 il.32 12.10 12.00 12.07 11.44 $.X& '"9.t8 
13.60 14.72 13.27 12.86 13.24 12.84 11.60 11.30 11.22 11.29 ;C&.;; 

60.0 
12.49 13.78 12.44 12.06 12.43 12.06 10.81 10.42 I;.;; ;'$!$' 
11.11 12.97 II.73 11.34 11.72 11.38 10.20 10.03 . . 9:61 

$147 9139 
9.14 8.88 

46.0 11.43 12.14 11.10 10.74 11.10 10.79 '? 
70.0 ix 

9.61 9.45 9.52 9.03 8.40 a.43 a.39 8.40 8.29 

28 
4142 

9.06 

$4 
t::: X:E 

8.60 8.27 8.03 a.00 8.01 7.90 9:: % 

S% 
7.68 7.34 7.34 7.35 7117 7: 01 

1oo:o 
7.78 

7114 
7.42 7.01 4.61 4.80 4.81 E 4.44 

7.26 7.10 : :Tt  4:80 4.54 4.34 8.34 4.36 4:2a t.:: 4.21 . 

160.0 4.333 6.884 4.281 4.094 6.289 4.148 6.634 6.466 6.435 5.492 6.212 6.019 4.679 4.874 4.684 4.834 4.777 4.692 
200.0 6.214 6.747 6.140 6.077 6.104 6.119 4.412 4.630 4.644 4.600 4.341 4.296 4.164 4.049 4.086 4.031 4.074 3.931 
260.0 4.647 6.042 4.000 4.468 4.681 4.608 4.064 3.939 4.001 4.060 3.841 3.742 3.456 3.687 3.802 3.642 3.593 3.471 

1::: 
4.123 4.668 4.140 4.031 4.124 4.080 3.472 3.636 3.424 3.471 3.482 3.427 3.316 3.253 3.248 3.216 3.240 3.162 
3.799 4.206 3.439 3.720 3.809 3.788 3.392 3.249 3.349 3.393 3.219 3.147 3.045 3.009 3.024 2.976 3.014 2.916 

28.: 
3.564 3.934 3.696 3.463 3.548 3.630 3.178 3.044 3.140 3.182 3.019 2.949 2.874 2.424 2.637 2.792 2.830 2.739 

600:0 
3.382 3.726 3.404 3.197 3.379 3.343 3.011 2.907 2.978 3.014 2.642 2.814 2.724 2.478 2.691 2.849 2.484 2.699 
3.207 3.664 3.260 3.148 3.227 3.193 2.677 2.780 2.644 2.683 2.734 2.689 2.404 2.640 2.573 2.533 2.647 2.488 

.,.......L.........L.......~...~.......~~.~~....................................,...~.~~..........~......~.....~.~.................. 
WA SI T'S 8A LA F'R 94 wGD a7A0 g9R( 71LU 73TA 76RE ,,I% ,SPU a2P8 a3BI %M Q2U 

60 62 64 67 69 42 
. ..~......**...~*.*****..*.**..****.**..*.*..~..*..***...*.*.**...***.**.*.*..**..*.*....**.***.*.**.**.**...*.***.*****...**.....*. 

21.40 21.64 11.41 21.74 21.67 20.34 is.72 Ll3.42 10.22 17.76 17.41 17.12 :;&;y 14.29 14.11 14.16 16.4% 16.30 
23.18 21.13 21.14 12.34 22.16 10.97 20.36 19.19 18.91 18.44 16.10 17.82 14.99 14.81 16.86 16.13 IS.96 
23.41 22.34 22.4I 22.67 12.46 21.27 20.44 19.64 19.2% 18.82 18.48 16.21 17.42 17.40 17.20 17.24 16.60 14.31 
23.42 22.39 21.43 22.69 22.60 21.34 20.74 19.78 19.44 18.99 16.87 16.40 17.83 IT.40 17.40 17.44 14.49 16.60 
13.28 12.28 22.33 22.49 22.41 11.30 20.72 19.76 19.44 19.03 18.71 18.46 17.90 17.66 17.47 17.61 14.76 14.64 

2.5 
3.0 
3.6 
4.0 
4.6 

6.0 

i:: 

P:E 

4.0 

;f:H 

11:o 

15.0 

%8 

$2 

i-2: 

c-:: 
40:o 

23.08 21.09 22.13 22.29 22.24 21.1% 10.40 18.70 19.39 18.9% 18.44 14.41 17.88 17.88 17.46 17.49 14.73 IS.64 
21.81 11.44 21.68 12.04 22.01 20.97 20.41 19.66 19.24 16.84 16.66 18.31 17.80 17.68 17.37 17.41 16.46 14.46 
22.61 21.64 11.40 21.76 21.74 20.73 10.19 19.34 19.09 18.70 16.40 18.17 17.47 17.46 17.26 17.29 14.63 14.34 
22.19 21.14 21.30 21.46 21.44 20.44 16.94 19.16 18.89 16.60 18.22 17.99 17.61 17.31 17.09 17.13 14.38 14.20 
21.45 20.94 20.98 21.13 21.14 20.16 19.48 16.91 18.64 18.29 18.01 17.79 IT.33 17.13 14.92 14.94 14.22 14.03 

21.14 20.18 20.33 20.48 20.60 19.80 19.12 18.41 18.18 17.84 17.67 17.37 14.93 18.74 14.63 16.67 16.84 16.47 
20.48 19.45 19.49 19.83 19.87 19.oa 18.64 17.90 17.49 17.34 17.11 16.92 14.61 14.33 14.12 14.14 16.46 16.26 
19.83 19.03 19.07 19.21 19.24 16.46 16.01 17.39 17.20 14.89 14.46 14.47 14.08 16.91 15.70 16.74 16.06 14.89 
19.11 18.44 18.46 18.41 16.47 17.90 IT.49 16.90 16.72 14.43 14.19 14.02 16.44 16.60 16.29 16.33 14.84 14.60 
18.42 17.88 17.92 14.Oq 18.11 IT.38 i4.96 14.43 14.24 16.98 15.74 16.69 16.26 16.10 14.90 14.93 14.28 14.12 

17.04 14.37 10.41 14.63 14.42 16.97 16.41 16.14 16.00 14.76 14.66 14.42 14.11 13.99 13.79 13.82 13.23 13.09 
Il.94 14.34 14.42 14.63 14.42 14.08 13.78 13.39 13.29 13.06 12.91 12.60 12.66 12.45 12.27 12.30 11.77 11.86 
13.37 12.84 12.90 13.00 13.10 12.42 12.34 12.04 Il.96 11.77 11.43 11.63 Il.32 11.24 11.07 
11.12 11.47 11.70 11.79 11.69 11.47 11.24 10.90 10.88 

;;A; 

11.12 10.70 10.74 10.42 10.92 10.64 10.33 10.08 IO.02 9:3s 

'CM: '"9:;: 

8.96 0.67 

'"9% 

a:00 

9.90 9.24 9.56 a.94 t+: 

a:21 

9.30 a.49 :::3 9.07 6.40 9.00 8.42 8.86 a.28 8.80 a.24 8.47 8.11 Ef 7.79 a.33 7.72 4.26 

:?I %i 5% 8.07 xi 7.92 7.79 7.76 7.43 7:46 7.34 a.49 
7176 7:62 

7.74 
7132 

7.42 
7:16 

7.48 7.36 7.33 7.22 7.24 6.64 z;: 
8.04 7.34 7.13 7.10 4.99 4.98 4.64 4.47 4.69 4: 53 

7.448 7.344 7.396 7.464 7.641 7.291 7.169 T.OIO 4.674 4.892 4.816 4.744 4.443 4.438 4.634 4.661 4.286 6.228 
7.299 7.033 7.041 7.117 7.200 4.992 4.838 4.496 4.664 6:684 4.614 4.449 4.370 4.347 4.247 4.244 4.010 
4.704 4.442 4.449 4.641 4.419 4.403 4.190 4.145 4.137 4.044 4.000 5.959 6.470 6.861 6.756 6.774 6.541 

pwj 

4.120 6.996 4.020 4.048 4.143 5.944 6.441 5.728 6.703 5.434 6.677 6.640 6.458 6.442 6.366 6.371 6.166 S:llO 
6.416 6.406 6.428 6.474 6.744 6.641 6.446 6.342 6.339 6.279 6.223 6.169 6.114 6.099 6.018 6.032 4.831 4.769 

4.491 4.330 4.348 4.384 4.444 4.304 4.133 4.160 4.145 4.102 4.069 4.034 3.979 3.948 3.907 3.918 3.742 3.730 
3.743 3.434 3.434 3.444 3.717 3.402 3.644 3.487 3.474 3.442 3.404 3.384 3.342 3.332 3.281 3.291 3.248 3.143 
3.323 3.209 3.174 3.100 3.149 3.167 3.124 3.071 3.073 3.038 2.993 2.988 2.965 2.933 1.487 2.897 2.877 3.014 2.916 2.804 2.493 2.937 2.870 2.441 2.792 2.796 2.744 2.723 2.489 2.470 2.426 2.437 2.618 ;.;$ 

2.794 2.499 1.471 2.440 2.720 1.469 2.432 2.644 2.590 2.642 2.625 

;:;;; 

2.494 2.477 2.438 2.444 2.428 11364 

400.0 2.414 1.634 1.609 2.617 2.666 2.494 2.473 2.432 2.434 2.406 1.373 1.349 2.346 2.329 2.292 2.300 2.182 2.214 
450.0 2.499 1.406 2.381 2.389 2.426 2.371 2.347 1.309 2.311 1.2db 2.264 2.260 2.237 1.111 2.170 1.186 2.147 2.104 
500.0 1.361 2.301 2.274 1.244 1.321 2.149 2.244 2.210 2.112 1.186 2.164 2.164 2.133 2.118 2.084 2.092 2.076 2.016 

HO nn 
42 46 4:G 

~+C*.***..*.***.*..* 
26.67 23.19 24.14 
24.W 23.94 24.70 
10.66 14.29 24.90 
26.48 24.40 24.48 
a.27 14.36 24.71 

::: 
bb.16 64.90 43.64 41.10 42.03 39.80 34.82 33.57 32.83 32.41 30.49 16.68 27.47 27.01 26.76 26.97 24.19 24.44 
63.02 63.04 43.49 4G.99 41.03 38.69 34.07 32.89 32.20 31.62 29.94 18.39 27.23 24.41 26.40 26.41 23.97 24.18 
61.84 61.26\ 41.64 39.91 40.74 37.98 33.32 32.20 31.66 31.22 29.40 27.49 26.77 24.18 15.98 26.22 23.49 13.82 
49.96 49.43 40.46 38.87 39.72 37.09 32.68 31.62 JO.90 30.41 28.83 27.37 26.30 25.73 26.64 24.42 23.39 23.4% 
48.10 4%.07 39.39 37.48 38.73 J(I.23 31.86 30.84 X3.24 30.00 28.27 28.86 26.62 26.27 15.10 24.40 23.07 23.09 

::: 
46.04 46.24 37.43 36.02 34.84 34.W 30.47 29.66 29.02 28.82 17.18 16.84 24.87 24.38 14.22 23.66 22.40 22.34 
42.31 41.73 36.46 34.31 36.16 33.09 29.19 28.34 27.64 Z-7.71 24.13 24.67 23.94 13.61 23.38 21.77 21.73 21.%0 

x 
39.91 400.61 34.04 32.79 33.40 31.71 18.01 17.12 2tJ.76 24.66 26.14 23.9% 23.10 12.49 22.57 22.00 21.07 20.90 

11:o 
37.80 38.62 32.67 31.39 32.19 30.44 26.92 20.18 26.78 26.49 24.26 23.11 22.30 21.92 21.41 21.26 20.43 20.23 
36.82 3%.74 31.24 30.11 30.89 29.27 26.91 26.22 24.66 24.78 23.40 22.32 21.64 21.19 2I.09 20.69 19.82 19.59 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

RAEGB 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

11 DXIPS OF wsq al 

WA SE 
4 

l **.******t*.., 

::: 6.220 6.444 

32 
4:5 

4.634 7.241 
?.S?l 

m AL SI CA TI 
12 13 14 20 22 

r+C*...*,.***.***********.~*******~. 
7.071 7.060 4.920 4.236 8.920 
7.976 7.994 7.862 9.240 10.106 
8.894 8.964 8.797 10.194 11.296 
9.834 9.937 9.742 11.343 11.601 

10.798 10.943 10.749 12.413 13.727 

SE SR zn M-J RB 
34 38 40 42 46 4iG 

1+*****+++****, ‘*.**.+*.***..*+*+***.****** 
11.430 11.946 12.160 12.368 12.734 13.070 
12.984 13.647 13.770 14.039 14.401 14.849 
14.619 16.134 16.374 15.700 14.413 14.442 
14.076 14.722 14.977 17.368 18.230 18.408 
17.434 18.321 18.691 19.024 20.034 10.182 

6.0 8.744 8.484 11.787 11.974 11.741 13.604 14.878 16.714 14.243 14.731 17.376 18.491 19.213 19.940 W.224 20.710 21.844 21.971 
6.6 9.644 9.602 12.804 13.034 12.799 14.616 14.166 17.040 17.694 18.101 18.831 20.027 20.814 21.681 21.878 2h.414 23.473 23.741 
6.0 10.374 10.344 13.849 14.121 13.844 16.749 17.641 18.392 14.974 19.497 10.313 21.691 22.446 23.248 23.668 16.619 26.416 
4.6 11.241 11.118 14.923 16.139 14.968 14.942 18.897 19.773 20.386 20.921 21.824 23.184 24.103 24.943 26.244 

r.147 
26.904 27.388 17.474 

7.0 12.137 11.119 14.026 14.386 14.080 18.142 W.143 21.184 21.826 21.373 23.346 24.807 16.791 24.449 27.C04 27.494 29.282 29.347 

lo:o 2: 

14.03 14.01 18.32 18.77 14.41 W.43 23.09 24.10 24.79 26.37 24.64 28.16 2S.27 30.11 30.67 31.34 33.16 33.24 

14.04 18.19 14.01 18.13 20.73 23.26 21.27 13.90 20.84 23.42 23.23 16.96 24.04 19.12 27.14 30.31 27.89 31.11 31.72 28.48 33.18 29.84 31.42 36.11 32.87 34.41 33.89 37.70 34.17 34.10 ‘36.14 39.09 37.14 41.24 37.26 41.39 
11.0 10.46 20.36 16.90 24.44 14.09 28.78 31.31 33.41 34.44 36.08 34.84 38.94 40.49 41.46 41.07 43.14 46.60 46.67 
12.0 22.84 22.49 18.44 29.60 28.88 31.73 36.44 37.03 37.94 38.67 GO.63 41.84 44.60 46.73 44.17 47.34 49.87 60.09 

16.0 30.73 30.37 37.42 34.80 37.94 41.24 44.41 44.07 49.14 49.78 62.41 66.28 67.38 68.81 69.30 40.80 43.79 44.20 
w.0 44.20 46.19 64.79 64.69 66.24 69.39 45.82 48.97 70.29 70.93 74.78 78.48 81.67 83.32 83.89 86.92 49.44 SO.61 
26.0 44.46 42.76 74.96 77.14 76.22 40.23 90.11 92.89 94.48 96.04 100.29 106.33 109.08 111.16 111.78 114.34 118.77 120.23 
30.0 86.38 82.46 97.12 100.37 97.77 103.48 114.61 119.73 121.69 122.08 128.83 136.12 139.81 142.19 142.84 1144.02 161.09 163.27 
36.0 108.87 104.89 122.08 124.17 122.81 129.44 146.69 149.40 161.63 161.88 140.31 147.94 173.44 174.33 177.04 180.80 184.62 189.60 

40.0 134.9 129.4 149.6 164.6 160.3 168.1 177.4 141.8 184.2 184.4 194.7 W3.7 210.6 213.6 214.1 218.4 216.0 228.8 
46.0 183.2 164.1 179.2 186.2 180.1 188.9 211.8 214.9 219.4 119.6 231.8 242.4 260.4 263.4 264.3 169.4 SO.4 271.2 
60.0 194.0 184.9 211.2 218.3 212.1 212.0 248.8 264.6 167.6 267.3 271.4 283.8 293.1 294.6 297.3 '303.0 310.6 314.6 
66.0 227.0 216.8 246.6 263.4 244.4 267.4 288.3 294.7 298.0 297.6 314.0 324.0 338.6 342.3 343.0 349.4 367.7 344.7 
40.0 242.2 248.8 282.0 291.3 282.9 296.0 330.2 337.4 340.9 340.1 369.0 374.8 384.7 390.7 391.4 398.6 407.6 416.7 

46.0 299.7 283.7 320.6 331.1 321.6 334.7 374.6 382.4 384.3 346.1 404.6 424.3 437.4 441.8 441.6 460.3 469.9 449.3 
70.0 339.2 320.6 341.2 373.0 342.1 374.6 421.2 429.8 434.0 432.6 464.4 474.2 491.1 496.6 494.1 604.8 616.0 626.7 
80.0 424.6 399.8 448.4 443.2 449.6 444.3 621.2 631.8 634.3 634.0 643.4 687.6 406.7 410.6 410.9 421.0 432.8 

617.7 644.7 
444.2 

90.0 444.3 643.9 641.4 644.1 430.1 442.1 447.6 444.2 479.7 708.4 730.0 736.3 736.6 747.1 740.6 n4.7 
100.0 418.7 679.8 444.7 487.4 447.4 469.6 747.4 741.3 747.2 742.9 804.8 838.4 883.8 889.4 869.4 882.7 897.4 914.4 

160.0 1230. 
:z: :z: 

1306. 1246. 1302. 1461. 1476. 1484. 1473. 1663. 1414. 1444. 1470. 1449. 1491. 1716. 1761. 
200.0 2001. 2102. x)39. 2092. 2329. 2344. 2374. 2366. 2483. 2641. 2446. 2441. 2894. 2713. 2782. 
260.0 2908. 2449. 2938. 3030. 2944. 3010. 3360. 3412. 3411. 3378. 3642. 3467. 

$4:. 
3812. 

300.0 3922. 3689. 3944. 4071. 3943. 4039. 4493. 4696. 4670. 4622. 4748. 4842. 6040: %::: 6098. 3838:. 

3947. 3978. 

360.0 6034. 4694. 6049. 6209. 6076. 6143. 6741. 6891. 6836. 6771. 4086. 4219. 4423. 4621. 4600. 0694: :%: :%: 

400.0 4236. 6479. 4234. 4270. 4371. 7083. 7283. 7193. 7112. 7498. 7464. 7907. 8032. 8004. 8124. 8070. 
460.0 7609. 

8313. 
4829. 7493. 

g.3;. 

600.0 8860. 4039. 8817. 9099: 
7640. 7463. 8607. 8768. 8434. 8633. 8994. 9179. 9481. 9698. 9743. 9847. 9973 
8872. 9001. 10003. 10304. 10148. 10027. 10649. 10780. 11134. 

lt%: 
11271. 11443. 11346. 11704: 

.*.~*1**.....1.~*.~~..**~*..*.****.***~..*.****~.****.**~~**...*.*****.*.~**..*.**~*.~.******~***.*..*********..*..~***..*.~***..*~* 
E/A SE TE B). LA m SH CD HO "In LU TA RE Iii AU P8 91 TH 

60 62 64 67 69 42 44 47 49 71 73 76 77 79 81 83 93 92” *.*.**l*~.....****.I*...*...*.*****.****.****.**.**.****..*.*~***~**...*~.********.***~*******.****.**.**.**.*****.****.******~~.*~. 
2.6 13.73 14.26 16.40 16.49 14.28 17.12 17.42 18.27 18.44 19.04 19.43 19.84 20.26 20.42 11.11 21.29 22.44 13.33 
3.0 16.46 14.24 17.40 17.48 18.29 19.24 19.81 20.69 21.03 21.47 21.90 22.36 22.86 23.24 13.78 23.96 26.41 
3.6 17.64 

24.14 
18.24 19.37 19.44 20.24 21.32 21.98 22.86 23.33 23.83 24.31 24.79 26.38 26.82 24.34 24.63 28.31 28.87 

4.0 19.42 20.20 21.34 21.69 22.21 23.39 24.08 26.08 26.40 24.16 24.47 27.20 17.88 28.33 24.90 29.00 30.94 31.66 
4.6 21.30 21.17 23.30 23.64 24.17 26.46 24.20 27.30 27.84 28.47 29.03 29.68 30.32 30.82 31.43 31.68 33.69 34.21 

6.0 23.20 24.16 26.28 26.60 24.14 27.62 28.33 29.63 30.13 30.78 31.38 31.97 32.78 
26.11 

33.31 33.96 34.09 38.21 
6.6 24.14 17.28 27.49 28.13 

36.86 
19.41 30.48 31.77 32.40 33.11 33.76 34.34 36.24 

27.06 29.02 
36.81 34.47 34.41 34.86 39.63 

t:: 28.18 50.24 2S.30 31.36 31.64 29.60 32.18 30.14 33.86 31.72 32.44 34.84 34.03 34.32 34.70 37.01 36.46 34.13 38.63 34.78 37.72 38.31 39.01 39.16 41.60 42.21 
37.82 39.21 40.22 40.86 41.67 

7.0 31.02 
41.70 44.17 

32.32 33.43 33.40 34.16 34.02 37.04 
44.92 

38.43 39.34 40.11 40.94 41.67 42.76 43.40 44.14 44.29 44.87 47.46 

8.0 36.11 34.69 37.70 37.83 38.47 40.44 41.69 43.36 44.13 46.08 46.90 44.47 47.88 48.40 49.42 
9.0 39.34 

49.63 62.34 
41.00 42.09 41.20 42.83 46.00 46.24 

63.20 
48.19 49.04 60.08 60.98 61.81 63.16 

43.71 
63.92 64.81 

10.0 46.66 44.44 44.71 47.33 
64.91 67.99 

49.70 61.08 
68.89 

63.18 64.09 66.22 64.19 67.08 68.66 
11.0 48.22 61.32 61.97 

69.38 40.34 40.43 43.74 
60.26 61.34 64.64 

44.72 
64.03 68.31 69.27 40.60 41.66 42.60 44.09 

62.87 
44.98 

12.0 66.10 64.14 64.17 64.74 
44.01 44.10 49.48 

69.63 
70.71 

61.14 43.40 44.41 46.93 47.04 48.07 49.79 70.74 71.86 71.91 76.77 74.84 

16.0 47.71 70.64 71.67 71.47 71.99 76.39 77.37 40.36 81.63 43.14 84.61 86.48 87.80 
20.0 96.33 99.19 100.24 99.91 100.27 107.43 

84.92 90.18 90.30 94.99 
104.80 111.32 112.74 

94.29 
114.87 114.44 

124.61 
118.14 120.92 

26.0 131.70 132.68 132.12 137.87 
122.32 124.16 

131.00 141.21 
1124.10 130.31 131.99 

144.03 147.74 160.38 162.42 164.42 167.90 
30.0 141.12 147.47 147.43 

169.68 
148.43 147.40 174.60 178.69 

141.97 141.82 149.71 
184.40 184.37 

171.7$ 
189.68 191.30 194.43 

36.0 199.07 207.10 W7.73 
198.46 

204.40 W4.09 214.67 
200.41 203.41 

219.47 228.66 
203.34 213.08 116.69 

224.31 232.36 236.69 238.07 243.07 246.30 248.98 248.62 240.32 243.30 

2: 274.4 242.4 246.2 291.1 293.6 298.0 297.6 311.3 314.4 
60:0 

240.3 284.8 296.9 249.9 260.4 194.1 248.9 234.4 248.0 293.1 304.7 264.0 311.3 243.4 320.4 271.7 323.2 274.2 
328.2 332.4 332.0 336.8 346.1 346.3 342.6 343.1 341.2 364.6 346.3 360.6 349.9 344.0 342.1 

371.3 
376.4 370.0 

381.2 384.2 389.4 
66.0 382.4 397.4 397.4 

397.4 400.4 406.6 
394.8 3S2.4 407.6 414.1 417.6 430.9 

406.7 424.2 428.7 
437.3 442.9 447.0 

40.0 436.8 462.7 
466.6 

462.6 449.6 444.6 473.1 
468.8 486.8 

403.4 486.7 489.4 
481.9 496.9 491.0 

494.4 602.9 607.4 614.8 620.4 628.3 627.3 660.9 664.8 

46.0 491.8 611.0 610.6 607.0 603.4 622.3 633.1 647.0 661.0 668.9 646.9 70.0 660.7 670.8 672.1 671.4 681.3 647.6 643.1 684.1 694.0 686.1 411.1 416.6 431.0 694.1 692.S 419.3 426.4 
414.3 437.4 

1oo:o ZE 

874.8 702.8 701.4 448.9 494.4 490.8 714.0 730.3 748.3 763.3 462.9 443.0 497.9 743.4 772.9 779.2 ml.6 490.9 

813.0 969.4 
793.0 

844.4 986.3 441.6 993.8 434.4 944.6 1031.6 876.4 
797.6 

977.1 828.9 1012.0 868.8 
809.9 

894.6 902.2 
808.1 843.4 861.9 

$14.3 926.2 932.6 948.4 963.4 948.6 
1066.6 1041.8 1076.7 

944.2 1008.4 1018.2 
1084.4 1094.8 1116.3 1120.8 1138.3 1136.4 1184.9 119(1.2 

160.0 1831. 1900. 1894. 1879. 1868. 1922. 1967. 1994. 200.0 2908. 3017. EO;. 2984. g’:;. &M;. y&. 3140. 2110. 2143. 2134. 2229. 2249. 
%2 4167. 6660. 2% 4273. 6716. 3327. 3379. . 

:;:i: 

6447: 6812: 6907: 4017. 4611. . 4741. 4814. 3370. 4801. 24;. . xi;;. 

360:0 7047. 7323: 7307. 7207. 7417. 7619. 7464. z%:. 
. 

ES. 4397 
. 8132: 

::::: 4494: 
8497. 

400.0 8494. 9007. 9066. 9uO3. 4477. 9127. 9246. 9412. 9423. 460.0 10417. 9464. 9490 4804 10791. 10867. 10799. 10469. 10937. 11073. lf%: 11736: 9866. 

600.0 12226. 

11171. 11280. 10427. 

12769. 
11668. 10169. 

12443. 12483. 12602. 
11697: 

12436. 12991. 13220. 11406. 13227. 

11991' 10021 

13374. 13664. 13697. 13764. 

$1964' 9989 

13439. 14067: 14013: 12134 14210: 12444 14407: 
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F. HUBERT, R. BMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

gtEcTnoIIc 6TOPPIlD POWER II “9ITS OF mN/(IIG/SQ cm 
89 

Y IDE3 
39 

WA Be 
SC 12 

II2 AL SI CA T I  CR FE n1 al CB SE SR 73 HO BE 
4 13 14 20 22 24 26 28 2s 32 34 3% 40 42 46 4? 

. . ..*t+.*******.+*+.****.*.*.*~*~***.****~********.********.*~.*.*.*.*..***.....*....**...**.********.........*.*.**....*......**.** 

3:; 
i:p 
t:: 
$:% 

$2 
60 
66.0 
0.0 

72.33 ee.40 60.67 48.30 18.96 U.31 38.27 3e.62 36.43 34.63 32.38 30.43 28.90 28.04 27.71 28.6s 23.92 24.89 
(yB.42 61.84 60.00 47.81 48.66 U.24 36.36 Jb.71 36.69 34.S2 32.77 30.87 29.39 28.66 28.26 27.20 24.71 26.60 
40.46 65.06 10.06 W.86 47.74 43.74 38.03 38.W 36.64 34.67 32.76 30.90 2S.48 28.0s 28.40 27.44 26.10 26.72 
e3.62 61.02 47.S2 46.02 U.74 43.01 37.4e 38.03 36.14 34.66 32.49 30.89 19.33 28.67 28.30 27.38 26.23 26.72 
00.98 68.99 U.72 11.80 46.06 42.16 36.81 36.U 34.62 34.11 32.08 30.34 2S.04 28.32 28.00 27.18 26.18 26.67 

68.48 67.01 46.60 43.88 44.62 41.26 38.08 34.79 JQ.02 33.67 31.69 lS.Sl 28.86 27.97 27.73 26.88 26.06 26.32 
68.18 66.11 U.30 42.64 43.41 40.33 36.32 34.10 33.37 32.98 31.06 Is.42 28.22 27.67 27.36 28.63 24.82 26.02 
64.06 63.31 43.14 41.44 42.31 39.41 34.66 33.40 32.72 32.37 30.46 28.91 27.76 27.13 2e.92 2e.14 24.66 24.88 
62.10 61.62 42.02 40.38 41.24 38.60 33.81 32.71 32.06 31.76 2S.Sl 28.39 27.27 24.88 16.49 26.73 24.26 24.32 
60.28 60.03 40.94 3S.34 40.24 37.42 33.07 32.02 31.41 31.14 2S.34 27.87 28.79 26.22 26.04 26.31 23.93 23.94 

47.02 47.11 38.93 37.46 38.32 36.98 31.44 30.70 30.16 29.94 28.23 28.83 26.83 26.31 26.16 24.48 23.26 23.19 
44-H U.63 37.10 36.72 36.67 34.41 30.36 29.48 28.S4 28.80 27.14 26.86 24.80 24.43 24.29 23.(KI 22.67 22.44 
41.70 42.24 36.44 34.14 S4.98 32.99 19.14 28.32 27.86 27.73 24.10 24.92 24.02 23.69 23.48 22.87 21.90 21.72 
39.61 ID.19 33.94 32.70 33.62 31.eS 28.02 27.26 2e.83 24.73 26.23 24.06 23.20 22.80 22.68 22.13 21.26 21.03 
37.64 38.36 32.66 31.38 32.19 30.49 28.88 26.20 26.87 26.80 24.38 23.23 22.42 22.06 21.96 21.43 20.43 20.39 

32.62 33.80 29.08 28.06 28.81 27.41 24.32 23.72 23.40 23.38 22.09 2l.OS 20.39 20.09 20.02 19.67 18.96 18.66 
27.30 28.40 24.01 23.96 24.44 23.67 20.S4 20.4s 20.26 20.28 19.18 18.34 17.76 17.64 17.49 17.14 14.70 10.38 
23.63 24.06 21.74 21.01 21.43 20.76 18.60 18.11 I7.S2 17.97 17.01 18.29 16.78 16.41 16.69 16.29 14.94 14.84 
20.77 21.87 19.42 18.78 18.36 18.42 14.42 le.29 le.13 10.20 16.33 14.49 14.26 14.12 14.10 13.86 13.68 13.28 
18.86 lS.73 17.M 17.04 17.66 lb.SJ 16.13 14.84 14.71 14.78 13.9s 13.42 13.02 12.91 12.90 12.89 12.46 12.18 

16.88 18.02 18.14 16.83 18.11 16.67 13.92 13.(wI 13.66 13.42 12.90 12.38 12.02 11.93 11.92 11.73 11.64 11.28 
16.62 l&e2 14.84 14.48 14.91 14.43 12.91 12.e8 12.68 12.88 11.99 11.61 11.18 11.10 11.10 10.93 10.77 
14.60 16.40 13.82 13.48 13.91 13.47 12.07 11.86 11.77 11.84 11.22 10.78 

'"9:X.$ 

13.64 14.47 13.04 12.66 13.06 12.06 11.34 11.14 11.07 11.14 
'"9.;; '"9A'l '"9.;; '"9:' 1'3:3$ 

9.31 
12.72 13.42 12.31 ll.SJ 12.31 ll.Sb 10.71 10.63 10.48 10.63 

'"9.;: 
. 

'"9.:; 
. 9:32 9127 s:2a 9.16 9.03 8.82 

12.02 12.88 11.64 11.30 11.64 11.33 
11.40 12.23 11.09 1"g.X: ;;.E 10.78 

I;.;; xz 9.82 10.00 9.48 9.11 tz 8.81 8.82 8.70 8.69 8.39 

8:86 8.18 a:71 a. 05 9.46 9.63 9.03 t*t: 
7173 

8.40 8.41 8.30 8.19 8.01 
"g.;; ;;A; lyf S:O6 9134 9.86 s.10 8.88 8.01 8.73 8.08 P-z? 7137 7.71 

a:04 9:66 a:es 
7.72 7.16 7.42 7.08 7.63 6.98 6.83 7.36 

8.43 8.70 8.4a 7.42 7.60 7.47 7.63 7116 8.88 x . I::: 8.48 4.60 4.62 0.39 

e.(M6 7.242 8.8OS 8.416 4.818 8.469 6.822 6.740 6.718 6.778 6.484 6.281 6.133 6.127 6.138 6.086 6.026 4.936 
6.491 4.048 6.616 6.346 6.480 6.398 4.864 4.788 4.784 4.841 4.690 4.621 4.372 4.282 4.299 4.243 4.288 4.137 
4,808 6.308 4.844 4.683 4.802 4.744 4.270 4.147 4.212 4,264 4.044 3.981 3.861 3.778 3.792 3.729 3.782 3.464 
4.341 4.798 4.381 4.246 4.346 4.290 3.867 3.722 3.816 3.846 3.8e8 3.808 3.491 3.426 3.441 3.386 3.432 3.319 
4.001 4.427 4.043 3.917 4.011 3.9e7 3.672 3.442 3.627 3.673 3.390 3.336 3.218 3.149 3.184 3.133 3.178 3.072 

. 
3.743 4.144 3.786 3.648 3.767 3.717 3.347 3.229 3.307 3.361 3.180 3.127 3.027 2.974 2.988 2.941 2.980 2.886 
3.640 3.922 3.686 3.473 3.668 3.621 3.171 3.042 3.134 3.174 3.016 2.S83 2.889 2.820 2.834 2.790 2.827 2.737 
3.378 3.744 3.423 3.314 3.399 3.313 3.030 2.928 2.996 3.036 2.882 2.832 2.742 2.697 2.710 2.B68 2.704 2.418 

~......*......**........**...*......~****........**..*.....*.*......****.*......**...*.****.*...*........*..****.....*~..~......~.~* 

wA 60= 62= WM 6T" 6Sm BZSn 6SGD e7Ho 8gm HL" 73TA 76= nnIR 7S*" aZpB 83Bx %J- S2" 
..*.I...*."+.**+****...**.*~~*.*~*.*....*..*.*......*..*****.***....***.**.*.*..***.*.***.*.**..**~*..*~......******...*~*.*~.*...* 

2.6 23.30 22.23 22.28 22.44 22.24 20.97 20.33 19.20 18.78 18.29 17.94 17.86 17.01 16.79 14.81 18.66 16.98 16.77 

3:: 23.92 24.18 22.84 23.10 22.89 23.16 23.06 23.31 22.89 23.18 21.64 21.97 21.00 21.33 19.90 20.28 18.91 19.61 19.03 19.43 18.68 19.09 18.81 la.39 18.20 17.76 17.63 17.99 17.34 17.76 17.80 17.38 17.04 16.66 14.46 la.84 

::: 24.21 24.10 23.16 23.06 23.19 23.09 23.36 23.24 23.26 23.18 22.07 22.03 21.46 21.43 20.44 20.44 20.09 20.13 19.63 19.W IS.36 19.29 19.01 19.08 18.43 18.61 18.19 18.28 17.98 18.07 18.02 18.11 17.26 17.32 17.06 17.12 

a:0 i-: 

23.89 22.87 22.Sl 23.07 23.02 2i.SO 21.31 20.38 20.07 19.43 IS.31 19.06 18.60 18.27 18.06 18.10 17.31 17.11 

23.43 23.33 22.02 22.34 22.44 22.38 22.62 22.64 22.79 22.62 21.71 11.47 20.91 21.13 20.24 2O.W 19.84 IS.77 19.62 19.38 
19.21 18.98 18.43 18.20 17.98 18.03 17.24 17.04 
19.04 18.82 18.30 18.08 17.88 17.91 17.12 16.93 

6.6 23.00 22.03 22.07 22.23 22.23 21.21 20.67 19.84 19.67 19.18 18.88 18.64 18.16 17.83 17.71 17.76 16.97 16.78 
7.0 22.40 21.72 21.76 2l.Sl 21.92 20.S3 20.40 19.61 19.36 18.98 18.67 18.46 17.97 17.76 17.64 17.68 10.81 18.62 

1010 t: 

21.07 21.06 21.10 21.26 21.28 10.34 19.84 19.10 18.87 18.61 18.23 18.02 17.67 17.37 17.16 17.19 16.43 le.26 

11.28 20.61 20.41 19.78 20.46 19.82 20.40 19.94 20.84 20.01 19.76 18.17 19.28 18.72 18.69 18.07 17.87 18.37 18.03 17.66 17.76 17.29 
17.68 17.14 10.96 16.74 le.77 16.04 16.86 
17.11 18.71 le.63 18.31 16.36 16.03 16.46 

11.0 19.S7 19.17 19.11 19.36 19.42 18.61 18.18 17.67 17.38 17.08 14.83 16.64 19.28 16.11 16.90 16.93 16.24 16.07 
12.0 is.37 18.60 18.64 18.77 18.86 18.08 17.00 17.OS 14.91 14.62 16.3s 14.12 16.B4 16.70 16.49 16.63 14.86 14.49 

16.0 17.76 17.04 17.10 17.22 17.31 18.43 le.26 16.77 16.82 16.37 16.16 16.01 14.70 14.64 14.36 14.40 13.77 13.63 
20.0 16.61 16.01 16.06 16.16 16.26 14.89 14.37 13.S7 13.80 13.46 13.47 13.36 13.09 12.99 12.80 12.83 12.28 12.16 
26.0 13.97 13.44 13.48 13.68 13.48 13.18 12.91 11.67 12.48 12.30 12.16 12.04 11.82 11.74 11.64 11.69 11.10 10.99 
30.0 12.48 12.20 12.24 11.33 12.44 11.99 11.76 11.46 11.38 11.22 11.09 10.99 10.06 
36.0 11.43 11.20 11.24 11.32 11.43 11.03 10.81 10.66 10.48 10.34 10.22 IO.14 

1"9.;8 
. 

'"9.g 
. 

'"9.;; 
. 

'"9.;; 
. 

'"9::; 
9.28 

it8 10.06 10.77 1"B.f; 

s:os 

'"9.;; 9.81 8.64 

so:0 ic: 

9.43 

;:g a: 14 

1y; 

;:g a:22 

1y; 

9:2s 

log.~~ 

a:97 

l"B.cg 

a:a1 

9.16 s.79 9.10 9.74 9.4s 8.88 X-t: X% 

8.61 8.66 t:2 8.38 

8.90 8.44 t-:3 . t-2 . 8.04 a. 47 ?XX . 7.72 a. 14 %X . TIE T-E . 

$;g 

7146 

;:g 

9.21 8.43 8.60 9.07 9.10 8.62 8.72 8.17 

8.13 8.02 7.69 FL2 

7133 E!  . 

vi; 

711s 
7.69 7.28 7.21 
7.21 4.92 8.86 

!z;i 7.043 8.020 7.ee2 7.733 7.383 6.787 4.816 7.412 7.744 e.049 7,826 7.471 7.914 7.668 4.962 6.726 7.461 7.309 7.178 7.613 4.808 7.367 7.031 0.476 7.320 6.U6 8.SS7 6.913 7.232 4.370 7.162 8.837 4.301 6.268 7.102 8.790 6.991 6.8686 8.104 6.986 4.442 6.144 8.868 a.667 4.047 8.874 8.676 8.063 6.696 8.308 6.819 8.636 a.262 6.748 
90.0 0.636 4.lSS 4.326 6.374 4.464 6.246 6.136 6.017 6.991 6.923 6.869 6.820 6.734 6.717 6.624 6.842 6.416 6.388 

100.0 0.112 6.891 6.916 6.963 6.036 6.844 6.743 6.436 6.011 6.648 6.489 6.463 6.374 6.368 5.274 6.288 6.074 6.032 

160.0 4.724 4.666 4.674 4.411 4.876 4.628 4.463 4.376 4.3eO 4.316 4.270 4.243 4.186 4.174 4.109 4.121 3.967 3.924 

ii%8 3.SSl 3.4SS 3.379 3.826 3.342 3.826 3.36s 3.860 3.Sl2 3.421 3.324 3.791 3.730 3.291 3.670 3.233 3.668 3.236 3.022 3.199 3.686 3.161 3.663 3.140 3.617 3.111 3.607 3.088 3.463 3.039 3.060 3.484 3.418 3.028 3.308 2.932 

Et8 3.178 2.913 3.069 2.842 3.036 2.813 3.047 2.822 3.092 1.866 3.022 2.800 1.772 2.982 2.940 2.726 2.942 2.717 2.088 1.910 2.8e7 2.069 2.863 2.664 2.831 2.62'3 2.811 2.008 2.767 2.667 2.777 2.676 1.767 2.667 2.671 2.476 

2%8 2.703 2.422 2.6eS 2.633 2.U2 2.608 2.661 2.614 2.4Sl 2.664 2.430 2.497 2.604 2.472 2.681 2.431 2.643 2.434 2.636 2.408 2.499 2.374 2.496 2.34s 2.469 2.344 2.462 2.330 2.414 2.294 2.422 2.301 2,403 2.283 2.331 2.216 
600.0 2.608 2.423 2.400 2.408 2.U4 2.300 2.%X. 2.327 2.330 2.306 2.273 2.249 2.246 2.231 2.197 2.204 2.186 2.122 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAlGE 11 UTITS OF HG/Sq Ql 
89 

Y 1011s 
39 

E/A nE 
ec 12 

n: AL SI CA TI CR FE 61 al GE SE SR 28 na OH 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4:G 

. ..**~~..**+*..*..**..**....***~..*~******.~.***~*****~.~***~**.*.*~..~*****.*.~.*****.*..*.***..*...**...****.*.*******.**...**.*** 

:.: 
6.180 4.360 t3.332 b.370 6.840 8.144 8.820 3.236 9.460 10.020 10.240 10.930 11.300 11.803 12.010 12.214 12.690 12.920 

3:6 
6.788 6.427 7.874 7.836 7.762 9.148 3.980 10.603 10.900 11.300 11.404 12.380 12.826 13.380 13.698 13.843 14.418 14.483 
4.443 8.322 8.774 8.834 8.474 10.169 11.146 11.724 12.148 12.674 12.961 13.820 14.336 14.333 16.148 16.483 14.203 16.419 

2: 
7.127 7.040 9.432 3.792 3.418 11.186 12.323 12.361 13.407 13.866 14.326 16.244 16.847 18.486 14.737 17.112 17.970 18.148 
7.842 7.781 10.633 10.773 10.681 12.230 13.621 14.198 14.683 16.161 16.703 16.722 17.372 18.060 18.316 18.742 19.736 19.883 

isi 
8.688 8.643 11.638 11.773 11.668 13.237 14.742 16.443 16.979 14.486 17.101 18.199 18.914 19.631 19.910 20.388 21.604 21.431 
9.304 9.343 12.689 12.812 12.680 14.388 16.988 16.766 17.300 17.803 18.622 19.499 20.478 21.234 21.626 22.066 23.230 23.399 

4:0 10.172 10.144 13.607 13.872 13.419 16.604 17.242 18.074 18.647 19.166 13.968 21.224 22.048 22.841 23.166 23.744 26.092 26.190 
6.6 11.010 11.012 14.662 14.340 14.484 14.444 18.644 13.420 20.021 20.663 21.441 22.777 23.486 24.616 24.832 26.480 26.314 27.008 
7.0 11.880 11.888 16.726 14.074 16.774 17.814 19.894 20.796 21.423 21.988 22.944 24.340 26.332 26.137 26.626 27.203 28.763 28.860 

:.: 
13.71 13.72 17.94 18.39 18.04 20.24 22.44 23.43 24.32 24.88 26.04 27.41 28.72 23.66 30.00 30.78 32.64 32.63 

1o:o 
16.47 16.47 20.30 20.83 20.42 22.77 26.62 26.69 27.33 27.91 29.26 30.39 32.23 33.23 33.41 48 34 42 '38 63 
17.74 17.72 22.76 23.38 22.91 26.41 28.61 23.48 30.4a 31.08 32.69 34.60 36.87 38.94 37.33 ii:30 40'42 40'64 

:::: 
19.93 19.88 26.32 2&.04 26.61 28.16 31.43 32.88 33.72 34.33 50.06 38.14 39.64 40.78 41.19 42.24 44:66 44173 
22.24 22.16 28.00 28.82 28.22 31.03 34.84 38.21 37.10 37.72 39.64 41.90 43.64 44.76 46.18 43.36 48.80 49.02 

16.0 23.87 29.68 JB.49 37.84 37.00 40.28 46.30 46.92 47.94 48.41 61.17 63.98 66.04 67.46 67.93 63.40 62.32 42.73 

% 
44.81 44.01 63.32 66.06 63.76 67.84 66.07 67.17 &a.47 49.11 72.86 74.47 79.49 81.21 81.77 83.76 87.33 88.24 

3o:o 
62.43 40.88 72.64 74.36 73.09 78.01 87.72 90.32 31.88 32.44 97.66 102.47 106.13 108.14 108.78 121.30 116.40 117.03 
82.40 80.09 49.24 97.39 94.88 100.48 113.14 114.26 118.10 118.69 126.16 131.28 136.86 138.18 138.84 141.33 144.87 148.98 

36.0 106.26 101.66 118.34 122.30 119.06 126.77 141.24 144.94 147.02 147.39 166.67 143.01 168.66 171.18 171.87 176.64 181.11 184.01 

-it:: 
130.3 126.2 144.8 149.8 146.4 163.2 171.9 176.2 178.6 178.8 188.7 197.6 204.2 207.1 207.8 212.1 218.2 222.0 
167.6 160.9 173.4 179.2 174.3 182.9 206.1 210.1 212.7 212.7 224.6 234.9 242.6 246.8 244.6 261.4 268.2 242.9 

50.0 187.2 178.7 204.3 211.1 206.2 214.3 240.8 244.4 243.3 249.1 242.9 274.8 283.8 287.2 287.9 293.6 300.9 306.4 
66.0 213.0 208.6 237.4 246.2 238.3 249.0 278.3 286.1 288.3 287.8 303.8 317.4 327.4 331.3 332.0 Y&.2 344.3 363.1 
60.0 262.9 240.2 272.6 281.6 273.4 286.2 313.3 324.2 329.7 328.9 347.2 382.6 374.1 378.0 378.7 386.6 334.3 402.2 

;::o" 
288.9 273.8 309.6 319.8 310.4 323.6 382.0 369.6 373.4 372.3 393.0 410.2 423.1 427.3 427.9 436.5 444.8 464.0 
327.0 303.3 348.8 3M.2 349.7 383.8 406.9 416.3 419.4 417.9 441.1 460.2 474.7 473.0 479.0 487.8 497.9 608.3 

Et"0 
409.0 386.4 432.3 447.0 433.8 460.2 603.3 613.3 617.9 616.7 644.1 647.4 686.0 689.7 630.2 699.9 411.4 624.3 
408.7 Qo8.9 624.4 641.4 626.6 644.3 608.0 613.7 424.9 621.8 666.0 683.8 704.7 709.8 710.1 721.3 734.3 743.9 

100.0 636.8 668.8 423.6 843.6 424.3 846.7 720.9 734.3 740.1 736.0 774.4 808.9 833.6 838.9 8J9.0 861.8 864.3 884.8 

160.0 1183. 1101. 1218. 1267. 1218. 1264. 1397. 1421. 1430. 1419. 1494. 1664. 1803. 1603. 1408. 1429. 1663. 1487. 
200.0 1924. 1778. 1941 2023. 1342. 2013. 2241. 2277. 2287. 2246. 2390. 2466. 2642. 2646. 2642. 2633. 2812. 2678. 
260.0 ;;;;: ~5:: ;F;J": 2914. 2834. 2836. 3222. 3281. 3282. 3249. 3424. 3618. 3830. 3676. 3448. 3717. 3721. 3827. 
300.0 3314. 3310. 3883. 4685. 4694. 4847. 4316. 4902. 4373. 4963. 6108. 
360.0 4840. 4418. 4863. 6007. 2::. %k OX%: stt : 4&T&. 4943. . 6843. 6379. 6176. 6269. 4249. 4341. 4309. 6604. 

400.0 6991. 6468. 6991. 8184. &024. 8123. 4808. 7000. 6914. 6835. 7206. 7353. 7400. 7720. 7699. 7803. 7767. 8000. 
460.0 7216. 6643. 7200. 7430. 7245. 7364. 8176. 8416. 8297. 8201. 8646. 8822. 3111. 9269. 3224. 9364. 9291. 3686. 
600.0 8602. 7726. 8471. 8743. 6624. 8848. V&11. 9903. 9761. 9836. 10166. 10369. 10699. 10873. 10831. 10996. 10302. 11249. 

.111~...*..****...***.......**********.*.*****...*~~**.**.****~*.***~***.****.**..******...~.....**.***.*~.~**.*******.**~.~**~~.~.~ 
E/A sl I?3 84 LA PR SH CD RO m  LU TA RE IR AU PB &I Tn 50 62 66 67 63 82 44 47 69 71 73 76 77 79 82 83 90 V2” 

~.******...***~*..*.*.*....*..*******..***~*.****~**.**.*.*.~**~*.*******..*...***.********..*~*.******.*~.*.*.*.*..~..******.*.**.* 
2.6 13.67 14.08 16.22 16.62 16.10 16.93 17.43 18.07 18.46 18.82 19.20 13.41 20.02 20.39 20.87 21.04 22.67 23.08 
3.0 15.46 14.04 17.19 17.47 18.07 19.02 13.68 20.34 20.77 21.20 21.63 22.08 22.67 22.38 23.49 23.66 26.30 26.82 

:.t 
17.30 17.39 19.12 19.39 20.00 21.0& 21.48 22.66 23.02 23.61 23.98 24.47 26.05 26.48 26.02 26.18 27.94 28.49 

4:s 
19.14 13.91 21.04 21.30 21.32 23.08 23.76 24.74 26.26 26.79 24.30 26.82 27.47 27.94 28.51 28.46 30.53 31.11 
20.98 21.84 22.96 23.20 23.83 26.09 26.83 24.31 27.46 28.06 28.60 23.16 29.88 30.38 30.98 31.13 33.10 33.71 

6.0 

2: 
4.6 
7.0 

:::;: 
24.40 
28.62 
30.47 

E 34.44 38.68 
10.0 42.83 
11.0 47.22 
12.0 61.74 

16.0 

it:: 
30.0 
36.0 

48.16 
92.96 

123.14 
166.43 
193.31 

ii.: 
60:0 

233.1 276.3 
321.4 

66.0 370.2 
40.0 421.4 

66.0 
70.0 

Et: 
100: 0 

z?: 
$50~~ 

360.0 

Et: 600.0 

476.7 494.3 
632.4 663.2 
463.7 473.1 
786.0 816.3 
324.0 961.6 

1784. 
2800. 

EF 
&796: 

1831. 

iz; 

7041. 

8567. 8668. 
10012. 10371. 
11748. 1214s. 

23.78 
26.73 
27.71 
29.72 
31.76 

36.32 
40.21 

BOY 
63:92 

68.33 
96.80 

:x 
201:12 

242.4 
288.9 

2E.i 
rue:1 

%z 
2&:&3 
30.83 
32.88 

37.01 

2% 
6O:ze 
64.99 

83.96 
97.74 

129.07 
143.77 
201.74 

242.9 
287.2 
334.6 
3a4.8 
437.9 

1826. 
2886. 

2::: 
7070. 

8704. 

:%F 

241.4 
286.6 

ZK 
436:0 

240.7 
284.2 
330.7 
380.0 
432.2 

490.6 487.1 
648.7 644.4 
(n3.1 &87.6 
807.7 800.6 
962.2 943.2 

1811. 
2872. 

::A:. 
7020: 

z? 1862. 2933. 1684. 

4068: 4132. ii% 
6431. 6699. Se&l: 
6919. 7132. 7229. 

8666. 

E%t : 
8634. 4773. 8887. 

10233. 10611. 10443. 
12016. 12334. 12484. 

:K 
29:47 
31.46 
33.67 

27.12 
29.14 
31.22 
33.30 
36.42 

27.32 
30.01 
32.13 

Zi::;: 

37.73 39.73 40.88 
42.04 44.17 46.41 
48.42 48.74 60.03 
60.33 63.46 64.32 
66.63 68.31 69.83 

70.38 73.72 76.46 
97.82 102.26 104.82 

%XI 
loo:21 

:c~:~ 
206147 

:3:+ 
213:23 

:f:G 
343:s 
394.4 
448.6 

606.4 

266.0 263.7 
302.0 310.7 

i%z 
45a:o 

EC: 
470:2 

616.8 623.3 
674.4 631.2 
706.8 723.2 
846.7 864.0 
996.7 1018.9 

29.09 
31.28 
33.49 
36.72 
37.97 

42.67 
47.30 

i:: 2 
62.28 

76.64 
108.40 
142.23 
179.34 
219.88 

1926. 
3042. 
4340. 
6787. 
7341. 

23.47 30.31 30.90 31.43 32.29 32.82 33.44 
31.30 32.68 33.21 33.83 34.69 36.26 36.91 
34.14 34.87 36.64 34.18 37.12 37.71 38.39 
3t3.40 37.18 37.88 38.64 39.64 40.18 40.89 
38.68 39.62 40.26 40.96 42.02 42.67 43.42 

43.34 44.27 46.08 46.84 47.03 47.74 48.66 
48.12 43.14 60.02 60.84 62.10 62.32 63.80 
63.03 64.14 66.10 66.37 67.42 68.24 69.18 
68.08 63.28 80.32 41.26 42.82 83.49 134.71 
83.28 &4.67 46.68 66.66 88.34 69.23 70.38 

73.71 81.29 82.43 83.78 86.84 a&.96 88.23 
110.01 112.07 113.82 116.27 117.99 113.37 121.17 
143.30 146.48 148.44 160.42 163.82 166.47 167.80 
181.28 184.40 187.06 189.14 193.28 196.18 138.10 
222.07 226.76 228.31 231.34 236.21 238.33 241.97 

246.2 270.4 274.1 276.9 282.4 285.0 289.3 
313.6 318.4 322.6 326.8 332.3 336.0 X0.0 
303.3 369.6 374.3 377.8 386.2 388.1 394.0 
417.4 423.4 429.1 433.0 441.3 444.6 461.3 
473.8 480.8 484.9 491.2 600.4 603.9 511.6 

633.2 640.9 647.6 662.4 662.4 688.3 676.0 
636.4 803.8 411.3 416.6 627.7 831.4 
728.1 

841.4 
738.1 747.1 763.2 746.5 770.9 

871.4 
782.9 

883.1 893.7 900.8 914.3 921.2 
1026.0 

936.4 
1038.6 1060.7 1058.9 1076.8 1082.1 1039.1 

1935. 1368. 1980. 1994. 2026. 2034. 
2:. 

2044. 

t%i 
E?:: 3126. 

%%. 7662: 
3146. 4481. 3192. 4643. 3203. 4662. 3264. 

4634. Ki: 7684. 6987. 8046. 7680. 13076. 7711. 
y;. 

9368. 3140. 9261. 9316. 9429. 9483. 9833. 
10841. 10W2. 11103. 11147. 11260. 11347. 11624. 
12711. 12663. 13026. 13068. 13220. 13300. 13610. 

33.68 36.47 36.31 
36.06 38.26 38.92 
38.62 40.84 41.64 
41.02 43.46 44.18 
43.64 46.08 48.84 

61.43 
54.32 

E!  
74122 

88.31 92.30 94.18 
1 i 1.11 127.18 118.82 
17.66 146.36 167.39 
197.84 x)7.33 203.73 
241.62 263.01 266.32 

3: 
393:3 
460.4 
610.4 

673.8 

F2: 
933:4 

10X3.6 

20&o. 
3246. 
4620. 
6163. 
7820. 

693.4 
888.6 

z: 
114411 

302.3 306.7 
366.1 368.9 
411.3 416.7 
470.8 476.7 
633.6 639.1 

2148. 
3411. 
4846. 

X 

10024. 

::Ef:: 
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F. HUBERT, R. BIMBGT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECIROIIC STOPPIPG POSER 11 UIITS OF KEV/tHG/SQ Cn) 20 IOIS 
40 

*.*..*...*L.1.+*+.....*..............**..**......*.*.*.**~**~..*....**~*.~.****.****.**......**.~**.*.*~.*.**...*.**~.**..**.~.***.~ 
i:: 74.95 72.01 68.46 67.09 52.22 61.67 49.41 49.86 60.63 60.10 46.71 46.68 %.4? 39.69 37.00 37.89 36.63 a.84 36.03 36.60 33.36 33.82 31.37 31.86 50.32 29.79 28.89 29.46 28.66 29.14 27.60 28.11 24.64 25.48 26.66 26.29 

69.01 66.22 60.73 48.66 49.30 46.20 39.29 37.69 36.71 34.01 33.82 31.91 30.44 29.61 29.31 28.32 26.90 26.65 
6f3.11 63.19 49.69 47.62 48.36 44.47 38.76 37.24 36.33 36.72 33.67 31.71 Jo.31 29.62 29.24 28.28 26.06 26.66 
63.38 61.13 48.38 46.39 47.26 43.62 38.08 30.66 36.81 36.27 33.17 31.37 30.02 29.21 29.01 28.09 26.04 26.42 

::: 60.63 68.47 69.12 67.20 47.16 46.93 46.24 44.09 46.12 44.99 41.77 42.71 37.36 36.69 38.01 Js.31 36.20 W.66 

8.: 
710 

56.26 54.26 66.36 63.63 44.74 43.60 42.97 41.89 43.88 42.80 39.92 40.84 35.81 36.06 33.90 34.61 33.89 33.23 
62.38 62.00 42.50 40.66 41.76 39.02 34.30 33.20 32.66 

8.0 49.01 49.01 40.44 38.90 39.80 37.32 32.86 31.86 31.28 

1::: 43.62 46.09 46.36 43.99 36.66 38.86 37.12 36.60 38.01 36.37 34.29 35.74 31.62 Jo.28 30.60 29.42 30.07 28.94 
:::: 41.26 39.22 41.88 39.98 33.89 36.31 34.02 32.67 33.61 34.88 32.96 31.72 26.07 29.13 28.33 27.31 26.91 27.89 

16.0 34.30 36.27 30.30 29.24 30.02 28.66 26.33 24.70 24.36 
20.0 28.67 29.08 26.89 26.00 26.71 24.68 21.87 21.37 
26.0 24.64 26.78 22.71 21.96 21.69 21.68 19.32 18.91 

:;A: 

30.0 21.76 22.89 20.31 19.64 20.23 19.47 17.37 17.02 
36.0 19.66 20.66 18.42 17.82 18.37 17.71 15.83 16.62 

;$"3; 
. 

17.81 18.81 16.90 16.36 16.86 16.29 14.67 14.30 14.18 
16.39 17.42 16.64 16.16 16.62 16.11 13.62 13.28 13.17 
16.21 16.20 14.69 14.13 14.67 14.11 12.64 12.42 12.32 
14.21 16.17 13.69 13.26 13.68 13.26 11.88 11.68 11.69 

60.0 13.36 14.28 12.91 12.61 12.90 12.62 11.22 11.03 10.96 

%:8 11.96 12.61 13.61 12.84 12.23 11.63 11.85 11.27 12.23 11.63 11.87 11.30 10.66 10.14 

1oo:o cx 

10.88 11.70 9.38 

'"9.g . fyf . '"9.;~ 9:12 icy; 8:86 '"93: 9:13 

log233 

a:90 
8.58 
8.00 

160.0 7.006 7.609 6.946 8.740 6.964 6.797 6.118 6.031 6.008 
200.0 6.772 6.356 6.799 6.618 6.761 6.076 6.103 6.012 6.029 
260.0 5.056 6.679 6.093 4.936 6.049 4.990 4.489 4.360 4.428 
300.0 4.666 6.046 4.607 4.464 4.669 4.618 4.O66 3.914 4.013 
360.0 4.208 4.666 4.262 4.120 4.216 4.172 3.766 3.620 3.709 

z?x 
5Go:o 

3.936 3.723 4.366 4.126 3.981 3.771 3.858 3.662 3.962 3.743 3.910 3.703 3.336 3.620 3.396 3.221 3.478 3.296 
3.663 3.938 3.6Ol 3.468 3.676 3.638 3.187 3.080 3.160 

.*.......*.....*.*.*...**.....*..~..*.*..**..~*.~....*..~~~~*..**.*.*. 
E/A Sl l-6 E4 LA Pn Sit CD 80 In 

60 62 66 67 69 62 64 67 69 
*....***....*.~C......***...*..*..**.*.....~.....*.~**...*.*.~~.***.*~ 

$2 24.01 24.67 22.90 23.66 22.96 23.60 23.11 23.77 22.91 23.60 21.60 22.31 20.94 21.66 20.62 19.77 20.11 19.36 

3:: 26.00 24.36 23.84 23.90 23.88 23.94 24.06 24.11 23.92 24.01 22.66 22.79 22.01 22.16 20.92 21.10 20.64 10.74 
4.6 24.90 233.82 23.86 24.03 23.96 12.76 22.14 21.14 2O.79 

66:: 24.70 24.44 23.64 23.40 23.68 13.44 23.86 23.61 23.79 23.67 22.64 22.46 22.03 21.66 21.07 20.94 20.74 20.63 

2: 
7:o 

24.14 23.62 22.82 23.12 23.16 22.86 23.02 23.33 23.30 23.01 21.96 22.22 21.64 21.39 20.76 20.64 20.46 20.26 
23.47 22.60 22.63 22.69 22.70 21.68 21.13 20.31 20.04 

8.0 22.77 21.83 21.87 22.03 22.06 21.09 20.67 19.80 19.66 
9.0 22.07 21.17 21.21 21.36 21.41 20.49 19.99 19.28 19.06 

10.0 21.40 20.63 10.67 20.72 20.77 19.90 19.43 18.76 18.64 
11.0 20.76 19.91 19.96 20.10 10.16 19.33 18.88 18.24 18.06 
12.0 20.13 la.33 19.37 19.61 19.68 18.78 18.35 17.75 17.67 

16.0 18.47 17.76 17.79 17.92 18.01 17.30 16.92 16.40 16.26 

:!Z 14.66 16.27 16.64 14.01 15.68 14.06 16.80 14.17 16.90 14.28 16.30 13.76 14.98 13.47 14.66 13.12 14.44 13.02 

$2 12.16 13.24 11.71 12.74 12.78 11.74 12.88 11.83 11.94 12.99 11.61 12.62 12.27 11.30 il.80 11.02 11.88 10.96 

10.86 10.89 10.97 11.08 

1"g.g 
a:90 

1og.g 
9:01 

'"92': 
9:os 

1bg.g 
9:18 

'"9.62 9:39 

8.62 8.65 6.62 8.71 8% . 

66.0 8.412 8.106 8.136 8.101 8.294 8.019 7.873 7.709 7.671 
70.0 8.033 7.740 7.771 7.632 7.923 7.661 7.624 7.370 7.334 

1oo:o it+*: 

7.36-l 7.119 7.148 7.204 7.291 7.063 6.926 6.7PO 6.769 

6.667 6.414 6.609 6.161 6.636 6.208 6.689 6.266 6.772 6.337 6.133 6.662 
6.438 6.313 6.286 
8.028 6.913 6.888 

160.0 4.963 4.786 4.806 4.844 4.911 4.766 4.678 4.697 4.680 
200.0 4.163 4.020 4.020 4.063 4.112 3.984 3.921 3.867 3.846 
250.0 3.678 3.661 3.613 3.642 3.696 3.4S4 3.469 3.399 3.4Ol 
300.0 3.342 3.228 3.193 3.204 3.261 3.177 3.146 3.092 3.094 
360.0 3.096 2.989 2.968 2.968 3.012 2.944 2.816 2.666 2.668 

Ex 
6oo:o 

2.906 2.767 2.607 2.664 2.778 2.637 2.768 2.646 2.830 2.686 2.7M 2.026 2.739 2.600 2.693 2.667 2.696 2.630 
2.638 2.646 2.624 2.632 2.671 2.614 2.466 2.448 1.461 

34.74 
34.16 

ix 
32:20 

31.08 

14.26 
13.26 

::*'d: 
11:04 

10.48 
9.99 
9.16 
8.47 
7.91 

6.071 
6.089 

t%i 
3:768 

3.624 
3.341 
3.193 

I*..**+, 
LU 

71 
~*****+, 

18.84 
19.61 
20.06 
10.26 
20.33 

20.29 
20.19 

:Kit 
19164 

:x 
18121 
17.73 
17.26 

16.98 

xi 
11:72 
10.61 

10.06 
9.40 
8.86 

!:X% 

7.678 
7.247 

8% 
6:822 

:%! 
21424 

32.68 30.94 29.64 28.93 28.68 17.80 26.90 
32.14 Jo.46 29.21 28.63 28.30 27.46 26.68 
31.68 38.S4 28.74 18.09 27.88 27.09 26.42 
31.00 29.42 28.26 27.64 27.43 26.66 26.12 
30.41 28.88 27.76 27.17 23.98 26.23 24.79 

29.28 27.64 26.79 26.26 28.08 26.38 24.11 
28.20 26.83 26.84 26.36 26.20 24.66 23.42 
27.18 16.88 24.96 24.60 24.36 23.76 22.73 
26.22 24.99 24.11 23.69 23.67 22.SP 22.07 
26.33 24.16 23.31 22.93 22.82 22.27 21.44 

23.00 21.98 21.23 20.91 20.83 10.37 19.72 
20.00 19.12 18.61 18.28 18.23 17.86 17.40 
17.76 17.60 16.47 16.30 16.27 16.96 16.61 
16.02 16.36 14.89 14.76 14.73 14.47 14.18 
14.63 14.03 13.61 13.60 13.49 13.26 13.03 

13.60 12.96 12.67 12.48 12.47 12.27 12.07 
12.66 12.06 11.70 11.62 11.62 11.44 11.27 
11.76 11.29 10.96 10.89 10.90 10.73 10.68 
11.06 10.03 
10.46 10.06 l",.;; . log.;; '"PA; 

10.12 9.98 
9.69 9.46 

9.94 9.66 9.28 9.24 9.24 9.12 9.00 

9.47 9.10 8.86 8.81 8.82 8.70 8.68 8.36 8.11 8.08 8.10 7.99 f% 
8.04 7.73 7.51 7.49 7.60 7.41 
7.50 7.22 7.02 7.00 7.01 6.93 

pg 
. 

6.762 6.648 6.393 6.387 5.398 6.343 6.280 
4.824 4.752 4.696 4.601 4.519 4.460 4.607 
4.261 4.186 4.049 3.970 3.987 3.921 3.977 
3.865 3.794 3.671 3.602 3.618 3.660 3.609 
3.666 3.608 3.396 3.333 3.348 3.296 3.340 

3.344 3.289 3.183 3.127 3.142 3.093 3.135 
3.171 3.117 3.018 2.966 2.981 2.934 2.973 
3.031 2.979 2.886 2.836 2.861 2.80'3 2.844 

,.*C**,*********.****~****.*..*.*.*.~*~.****...**~ 
TA RE In AU PP 81 18 

73 76 77 79 82 a3 90 
,..*++**++***..~****.*...**...*.**....*.~....*~*~~ 

18.48 18.17 17.62 17.29 17.11 17.16 16.44 
19.26 18.96 18.31 18.07 17.87 17.92 17.16 
19.69 19.40 18.77 18.63 18.32 18.37 
19.91 19.63 19.02 18.78 18.66 18.61 

;;U; 

19.99 19.71 19.12 18.88 18.66 18.70 17.69 

19.96 19.69 19.12 18.89 18.66 18.71 17.89 
19.88 19.60 19.06 18.82 18.60 18.64 17.82 
19.72 19.47 18.94 18.71 18.48 18.62 17.71 
19.64 19.30 18.78 18.66 18.33 18.37 17.57 
19.34 19.10 18.61 18.39 18.16 18.20 17.40 

18.89 18.67 18.21 18.00 17.77 17.81 17.03 
18.42 18.21 17.77 17.68 17.36 17.39 16.63 
17.96 17.75 17.33 17.16 16.93 16.S6 16.22 
17.48 17.29 16.90 16.72 16.60 16.64 16.82 
17.02 16.86 16.47 16.31 16.09 16.13 16.42 

15.77 15.62 16.29 16.16 14.94 14.97 14.32 
14.04 13.91 13.64 13.63 13.34 13.37 12.79 
12.67 12.66 12.33 12.24 12.06 12.09 11.68 
11.68 11.48 11.27 11.20 11.04 1l.W 
10.68 10.69 10.41 10.36 10.19 10.21 '"9.;; . 

E x3: 9.07 9.69 9.63 

7186 ;:;g 

8169 t::: 

9.49 8.89 t-i: 

8.64 

7163 Siz 

0: 40 

8.64 9.12 

8.22 7.81 7.68 8.09 t% . E . F% 7124 

7.494 7.442 7.326 7.299 7.184 7.203 8.910 
7.167 7.117 7.008 6.983 6.873 8.891 6.612 
6.6O7 6.663 6.464 0.443 6.341 6.368 6.102 
6.147 6.lO6 6.016 6.997 6.903 6.919 6.681 
6.760 6.722 6.639 6.623 6.634 6.660 6.327 

4.486 4.468 4.397 4.386 4.317 4.329 4.156 
3.768 3.746 3.696 3.685 3.630 3.641 3.693 
3.313 3.307 3.171 3.247 3.196 3.206 3.184 
3.016 3.010 2.978 2.966 2.910 2.920 2.899 
2.7P8 2.7Pl 2.762 1.743 2.700 2.709 2.688 

2.629 2.624 2.697 2.679 2.639 2.647 2.628 
2.497 2.492 2.487 2.460 2.412 2.420 2.401 
1.391 2.396 2.393 1.347 2.311 2.318 2.299 

E.2 
26:66 
26.18 
24.81 

11.79 
11.01 

'i-?Z 
9: 14 

0.80 
8.40 
7.72 

2% 

6.186 

3% 
3:490 
3.231 

16.84 
16.44 
16.04 
16.64 
16.26 

14.17 
12.66 
11.46 
10.49 

9.70 

9.03 

87':: 
7:66 
7.18 

6.848 
6.663 
6.048 
6.631 
6.281 

2.462 
2.330 
2.232 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Power6 for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

FE %I 
25 28 

~*******t***+** 
9.650 9.920 

10.786 11.176 
12.008 12.423 
13.240 13.577 
14.487 14.944 

7.R no 
40 42 

. . . . . . . ..I.... 
H.880 12.084 
13.438 13.700 
14.975 16.284 
15.612 IS.883 
18.067 18.479 

Ml 
46 47pc 

~I**..***.*.*. 
12.466 12.780 
14.248 14.610 
16.997 15.212 
17.725 17.906 
19.466 19.503 

x 
8.437 8.407 11.416 11.691 11.383 13.096 14.624 16.244 16.766 15.230 15.865 17.935 18.536 18.340 19.517 20.089 21.188 21.313 

s:o 
9.192 9.181 12.382 12.699 12.371 14.151 16.742 15.605 17.046 17.635 18.244 19.402 20.154 20.907 21.195 21.717 22.932 23.041 
9.975 9.980 13.374 13.633 13.383 16.260 16.986 17.793 18.360 18.865 19.567 20.892 21.717 22.495 22.798 23.35a 24.593 24.791 

6.6 10.791 10.806 14.393 14.693 14.422 16.366 18.266 19.107 19.701 20.221 21.096 22.408 23.295 24.111 24.426 26.044 28.474 25.656 
7.0 Il.536 11.669 16.439 16.781 16.486 17.606 19.663 20.449 21.069 21.601 22.660 23.962 24.903 26.763 25.079 25.746 28.277 28.356 

8.: 
13.41 13.44 17.61 18.04 17.69 19.86 22.23 23.22 23.89 24.44 26.68 27.13 28.20 29.12 29.47 30.23 31.96 32.06 

1o:o 
16.31 16.33 19.89 20.41 20.01 22.33 26.03 26.10 26.82 27.40 28.71 30.42 31.62 32.51 32.98 33.84 36.76 36.86 
17.32 17.32 22.28 22.89 22.43 24.90 27.94 29.10 29.88 30.46 31.95 33.84 36.17 35.22 35.61 37.67 39.56 39.78 

11.0 19.44 IS.42 24.77 26.48 24.95 27.68 30.98 32.22 33.04 33.66 36.33 37.38 38.84 39.96 40.37 41.42 43.66 43.84 
12.0 21.68 21.62 27.38 28.18 27.69 30.36 34.12 36.46 35.33 36.94 38.82 41.04 42.64 43.82 44.26 46.40 47.80 48.02 

16.0 29.05 28.83 36.82 36.93 35.12 39.36 44.27 46.85 45.89 47.62 60.02 62.78 64.79 66.17 65.66 68.09 50.94 61.36 
20.0 43.61 42.80 61.94 63.64 62.37 68.39 53.46 66.61 55.79 67.41 71.07 74.80 Tf.66 79.24 79.80 81.73 86.29 88.12 
26.0 50.63 69.12 70.66 72.89 71.09 76.93 56.39 87.96 89.48 90.06 96.00 99.80 103.37 106.35 106.98 108.44 112.54 114.03 

80.01 77.68 91.64 94.61 92.18 97.87 109.99 113 07 114.86 116 34 121.73 127.70 132 16 134 44 136 09 138.10 142.92 144.98 
?i:: 101.85 98.42 114.84 118.69 116.66 122.14 137.17 140:79 142.83 143120 161.16 168.40 153:80 156:37 167:06 170.62 176.06 178.88 

40.0 126.0 121.2 140.4 146.1 141.2 148.7 166.8 171.0 173.3 173.5 183.2 191.8 198.2 201.1 201.8 206.9 212.0 216.6 
46.0 162.4 146.1 158.1 173.7 168.9 177.4 198.9 203.7 206.3 208.3 217.8 227.9 236.4 238.6 239.2 243.9 260.5 266.2 
60.0 180.9 172.9 197.9 204.6 198.8 208.2 233.4 238.8 241.5 241.6 264.9 2BB.6 276.1 278.6 279.2 284.6 291.8 297.4 
66.0 211.6 201.6 229.7 237.4 230.7 241.1 270.1 276.2 279.3 278.9 294.4 307.8 317.6 321.1 321.8 327.8 336.8 342.2 
60.0 244.2 232.2 283.6 272.3 264.5 276.1 309.1 316.9 319.2 318.6 336.2 361.1 352.3 355.2 356.8 373.6 382.0 389.7 

66.0 
70.0 

278.9 254.6 299.6 309.3 300.4 313.0 360.3 367.7 351.4 350.4 380.4 397.1 409.6 413.7 414.3 421.6 430.8 439.6 
316.8 298.8 337.2 348.3 338.1 361.8 393.6 401.8 406.7 404.4 426.8 446.4 469.3 483.6 454.2 472.2 482.0 492.0 

it: 
394.5 372.3 418.3 431.9 419.2 436.2 486.6 496.2 600.7 498.6 625.1 648.7 666.7 670.4 670.8 680.2 691.4 503.9 

1oo:o 
481.0 462.6 606.5 623.0 607.6 626.9 687.6 698.8 503.8 500.9 534.0 660.8 681.1 886.1 586.4 697.3 709.8 726.0 
674.4 639.2 501.9 621.3 802.7 623.6 695.2 709.2 714.8 710.9 760.0 781.4 506.2 810.6 810.5 823.0 837.1 866.0 

160.0 1140. 1051. 1176. 
200.0 1862. ;a;;. 1889. :i:; : :GE: :E: 

1348. 1370. 1379. 1368. 1443. 1601. 
:E? 

1662. 1661. 1672. 1694. 1627. 
2169. 2194. 2204. 2184. 2303. 2376. 2472. 2681. 

260.0 2689. 
3528. 3322: 

2720. 2806. 2728. 2758. 3103. y;: 3151. 3129. 3300. 3388. 3497: 3641. :rtl%. 
300.0 3561. 3767. 3668. 3738. 4168. 4231. 4414. 4620. 4567. 4734. 4720: 

;W;: 2617. 
3684. 3586. 

4788. 4776. 
360.0 4566. 4262. 4570. 4918. Q818. 4594. 4777. 6313. 6461. 6399. Et:: 6630. 6766. 6943. 5034. 5016. 6104. 5073. 6260. 

%S 
6753. 6262. 6766. 6960. 6798. 6892. 6661. 5736. 5563. 6675. 5936. 7052. 7314. 7430. 7404. 7616. 7456. 7699. 

600:0 
6940. 5316. 5927. 7148. 6970. 7076. 7866. 8097. 7984. 7890. aala. 0458. 8940. 
8178. 7432. 8149. 8410. 

8767. 8909. 8876. 9010. 9224. 
5200. 8320. 9245. 9627. 9381. 9259. 9770. 9956. 10293. 10481. 10420. 10680. 10489. 10823. 

. . ..C............l....~............................................................................................................. 
E/I SI n %A LA ml sn GO HO l?l LU TA RE Is AU Ps BI Tn 60 62 66 67 69 52 64 67 59 71 73 76 77 79 a2 a3 90 92" . . . ..~..~.C.........~~...........~.....................~......................~....~......~...~.~................................... 
2.6 13.42 13.93 16.06 16.34 16.92 15.79 17.23 17.86 18.24 18.51 18.99 19.40 19.80 20.17 20.66 

2: 

20.82 22.33 22.81 
16.27 16.86 16.98 17.26 17.86 18.78 19.34 20.09 20.62 20.96 21.37 21.82 22.31 22.71 23.22 23.39 26.00 26.62 

410 
17.08 17.76 18.87 19.14 19.74 20.78 21.40 22.26 22.73 23.21 23.58 24.16 24.73 26.17 26.70 26.86 27.59 28.13 

4.6 
18.88 19.64 20.76 21.00 21.62 22.76 23.44 24.40 24.91 26.44 26.96 26.46 27.11 27.68 28.14 28.30 30.13 30.71 
2D.88 21.63 22.64 22.87 23.49 24.74 26.47 25.63 27.07 27.56 28.20 28.76 29.47 29.97 30.55 30.71 32.65 33.26 

6.0 

8:: 

22.60 23.42 24.63 24.76 26.38 25.72 27.60 28.65 29.24 29.87 30.46 31.03 31.82 32.35 32.97 33.11 35.17 36.80 
24.33 26.34 26.44 25.66 27.28 28.71 29.65 24.81 31.42 32.10 32.72 33.32 34.18 34.73 36.38 36.62 37.59 38.36 

P:E 

25.18 27.27 28.37 28.67 29.20 30.73 31.52 32.97 33.61 34.33 34.99 36.63 35.65 37.13 37.81 37.94 40.22 40.91 
28.05 29.23 30.32 30.61 31.14 32.76 33.71 36.14 36.82 35.69 37.28 37.95 38.93 39.65 40.26 40.38 42.77 43.49 
29.95 31.22 32.31 32.48 33.11 34.83 36.83 37.36 35.06 38.87 39.50 40.29 41.34 41.98 42.72 42.84 45.34 48.09 

a.0 
9.0 

33.85 36.28 35.36 38.60 37.13 39.04 40.16 41.84 42.69 43.61 44.31 45.05 45.23 45.93 47.73 47.84 60.57 51.38 

10.0 
37.86 39.46 40.64 40.66 41.27 43.37 44.69 45.44 47.26 48.25 49.13 49.94 61.23 61.99 62.85 62.96 55.92 56.79 

11.0 
42.01 43.78 44.86 44.93 46.64 47.82 49.15 61.18 62.06 63.14 64.08 64.94 65.35 67.17 68.10 68.19 51.40 62.33 

12.0 
45.28 48.23 49.28 49.34 49.94 62.41 63.86 66.04 66.97 68.16 69.15 60.08 61.52 62.48 53.49 53.56 67.02 68.01 
60.68 62.82 63.87 63.89 64.47 67.14 68.59 61.04 62.02 53.29 54.38 66.36 57.01 67.93 59.01 59.07 72.78 73.84 

it: 
54.70 57.41 58.43 58.34 58.86 72.13 74.02 76.88 78.01 79.55 80.87 82.01 84.04 86.12 85.44 58.45 90.96 92.21 
90.71 94.48 96.44 96.16 96.61 99.84 102.36 106.05 107.44 109.46 111.17 112.69 115.25 116.61 118.37 118.32 124.26 126 85 

2610 119.99 124.92 126.79 126.28 126.43 130.91 134.08 138.67 140.31 142.83 144.96 146.69 160.01 161.62 163.90 163.77 161.29 153128 
30.0 162.43 168.64 169.41 168.66 168.62 156.24 169.12 174.54 175.63 179.57 182.17 184.20 188.22 130.10 192.96 192.73 201.97 204.36 
36.0 187.93 196.62 196.18 196.14 194.70 202.74 207.38 213.86 216.01 219.51 222.58 226.06 229.80 231.93 236.42 236.10 245.19 249.02 

ii:: 
226.4 236.6 236.0 234.7 233.9 243.3 248.8 266.2 268.7 252.8 266.4 269.1 274.7 277.0 281.2 280.8 293.9 297.2 

E: 

267.8 278.4 278.8 277.2 276.9 285.9 293.2 301.7 304.4 309.2 313.3 315.4 322.7 326.3 330.3 329.7 344.9 348.7 
31t.9 324.3 324.6 322.6 320.5 333.4 340.6 360.2 363.1 368.6 353.2 B5.7 373.8 376.7 352.4 381.8 399.2 403.5 

6010 
368.9 373.0 373.1 370.7 358.6 382.7 390.8 401.6 404.8 410.8 415.1 420.0 428.0 431.1 437.7 435.9 465.7 451.5 
408.6 424.6 424.4 421.6 418.8 434.7 443.8 466.8 469.3 465.0 472.0 475.2 486.1 455.6 495.0 495.0 517.3 622.7 

FL: 
450.7 478.7 478.3 476.1 471.8 489.5 499.6 612.8 616.6 624.0 630.6 636.2 646.1 648.7 667.2 665.0 580.9 586.9 

%fi 

616.4 636.6 634.9 631.3 627.3 647.0 668.1 672.6 675.5 684.8 692.0 697.1 607.9 811.7 521.2 619.9 547.6 554.1 
532.4 566.9 666.8 661:2 546.9 669.6 582.9 69B.8 704.6 714.2 723.0 728.9 741.8 746.1 767.7 765.0 789.3 797.2 

100: 0 
769.0 788.3 786.6 781.0 774.1 902.1 817.8 837.4 842.7 864.1 854.3 871.2 886.3 891.0 904.9 902.9 942.3 951.5 
894.8 929.2 927.0 920.2 911.6 944.1 952.4 984.8 990.8 1003.8 1016.7 1023.5 1040.9 1045.1 1052.6 1050.0 1106.1 1115.7 

160.0 1702. 1766. 
200.0 2598. 2800. :1'it 

1747. 1727. 1787. 1820. 1868. 1857. 1890. 1911. 1926. 1966. 
2769. 2736. 2827. 2876. 

1952. 1993. 1988. 2073. 2092. 

3992: 
2933. 2945. 

260.0 3863. 3996. 
2979. 3012. 3032. 

EZ: 
39;:. $0;. gl. 4181. 4196. 2F 30aa. 

3137. 3128. 3234. 3289. 

ZE 
6139. 6327. 6339. 

4242. 4291. 4317. 
6822: 

4396. 4454. 4461. 

6969: 
6673. 

4659. 4558. 
6686. 6548. 6718. 

6641. 5778. 5806. 5870: 5866: 
6746. 6851. 6943. 

5763. 7087. 7098. 
6925. 5064. 6201. 

7178. 7271. 7301. 7393. 7434. 7651. 7528. 7658. 7855. 

E2: 
5043. 8333. 8377. 

MAXI 
8213. 8444. 8664. 

9534. wee. 10041. 
8708. 8718. 8816. 8932. 8966. 9075. 9128. 

9847. 10116. 10242. 10424. 10433. 10649. 10691. 10727. 10856. 10919. 1%:: 1%:;' 11";;:: 12::: 
600.0 11304. 11708. 11787. 11727: 11671. 11666. 12012. 12224, 12231. 12367. 12634. 12674. 12720. 12797. 12999. 12959: 13141. 13608, 
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F. HUBERT, R. BIMBGT, and H. GAUVIN Range9 and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

l&tKTROIIC STOPPI POWER I6 IDITS OF l5V/tlrG/SQ Gl) 
93 

IB 101s 
41 

WA 36 
SC 12 

Iv3 AL SI CA T I  CR FE EI aJ GE SE SR 73 HO It3 
4 13 l4 20 22 24 28 28 29 32 34 3% 40 42 46 4:G 

*....**...*L*.*.*...~.*.****~....*..*...**..*.*.*..~..**..~****.**.*~*.**..***.*.**..*.*~***..*.***~~.*...***..**.**.*~**....**.**.. 

::: 
n.4G 70.66 63.84 61.43 62.11 47.11 40.87 3B.BO 37.63 38.07 34.38 32.30 30.87 29.76 29.40 28.31 26.37 213.40 
74.63 69.23 63.36 61.00 61.77 47.12 40.83 Jo.07 37.98 37.16 34.84 32.82 31.26 30.34 30.03 28.90 26.26 27.09 

I : !  
71.68 97.39 62.41 60.17 60.99 44.84 40.66 38.80 37.88 37.16 34.90 32.91 31.40 30.64 30.23 29.20 28.71 27.37 
88.41 66.38 61.28 49.12 IO.99 46.94 40.02 38.44 37.61 34.88 34.44 32.74 31.28 30.47 30.17 29.19 28.89 27.41 

. S6.82 03.29 60.06 47.98 46.88 46.09 39.38 37.89 37.00 34.44 34.27 32.41 31.01 30.23 29.96 l9.01 16.88 27.28 

::i 
63.21 .41.26 48.80 16.82 47.73 44.17 38.62 37.23 38.39 36.91 33.78 31.98 30.44 29.89 29.64 28.72 24.76 27.06 
SO.78 69.29 47.68 46.46 48.68 43.22 37.86 38.63 36.74 36.32 33.24 31.49 30.20 29.49 19.26 28.38 28.66 24.74 

9:; 
68.63 67.42 48.36 44.62 46.46 42.28 37.07 36.82 36.07 34.70 32.47 30.98 29.73 29.06 28.83 27.99 213.28 24.42 
66.46 66.80 46.19 43.41 44.36 41.34 30.30 36.10 34.40 34.04 32.09 30.44 29.24 28.60 28.39 27.67 26.98 24.06 

. 64.61 63.98 44.08 42.36 43.29 10.43 36.63 34.39 33.73 33.43 31.60 29.91 28.74 28.13 27.93 27.16 26.44 26.47 

Z:8 
61.04 60.92 41.86 40.38 41.28 38.70 34.07 33.02 32.42 31.19 30.36 28.84 27.76 27.19 27.02 24.29 24.97 24.90 
4B.01 48.20 40.04 38.63 39.46 37.08 32.70 31.73 31.19 31.01 29.24 27.82 28.80 24.28 2S.12 26.44 24.27 24.13 

2.8 
46.34 46.77 38.29 36.87 37.77 36.69 31.43 30.63 30.03 29.89 28.20 24.86 26.88 26.41 26.27 24.43 23.68 23.38 

12:o 
43.01 43.69 34.10 36.36 3S.24 34.22 30.26 29.42 28.96 28.84 27.22 26.94 26.02 24.68 24.44 23.86 22.90 22.47 
#0.91 41.43 36.24 33.94 34.83 32.98 29.18 2B.38 27.96 27.87 28.31 26.08 24.21 Et.80 23.49 23.13 22.24 21.99 

16.0 36.81 X3.74 31.66 30.43 31.26 19.70 28.34 26.49 26.34 26.31 23.91 22.83 22.07 21.74 21.44 21.17 20.60 20.18 

2:: 
29.86 30.97 lb.99 28.04 24.80 26.41 22.78 22.28 22.00 22.02 20.82 19.92 19.28 19.W 18.98 18.80 18.12 17.77 
26.78 26.93 23.70 22.90 23.67 22.41 20.16 19.72 19.61 19.67 18.61 17.72 17.17 14.99 14.94 14.43 18.27 16.93 

g:: 
22.77 23.92 21.21 20.61 21.12 20.32 18.13 17.77 17.69 17.66 14.72 14.02 16.63 16.39 16.37 16.09 14.80 14.47 
20.47 21.40 19.26 18.43 19.19 18.60 14.63 14.21 14.07 14.14 16.28 14.46 14.22 14.10 14.09 13.86 13.40 13.29 

2:: 
18.46 19.76 17.47 17.10 17.43 17.03 16.23 14.94 14.82 14.89 14.11 13.63 13.13 13.04 13.03 12.82 12.41 12.32 
17.17 18.23 14.37 16.84 14.34 16.80 i4.14 13-88 13.77 13.86 13.12 12.40 12.23 12.16 12.16 11.94 11.78 11.60 

60.0 16.e3 18.96 16.27 14.78 16.26 14.77 13.22 12.SS 12.89 12.97 12.29 11.80 11.44 11.39 11.39 11.22 11.04 10.80 
66.0 
4G.O 

14.89 16.89 14.33 13.88 14.32 13.88 12.43 12.22 12.13 12.21 11.68 11.12 10.80 10.74 10.74 10.69 'U; '"9.;; 
14.00 14.94 13.62 13.10 13.61 13.11 11.76 11.66 11.47 11.66 10.96 10.62 10.22 10.17 10.18 10.03 

46.0 13.22 14.14 12.81 12.41 12.80 12.43 11.16 10.9'3 10.89 10.97 ';A-? 10.00 9.71 9.87 9.68 9.64 9.42 9.21 
70.0 9.63 9.24 9.22 9.23 9.11 9.00 8.79 
80.0 

12.64 13.46 12.18 11.81 12.18 11.84 '"9.;; '"9.;; '"S.;; 1;;; 
11.41 12.24 11.13 10.79 11.13 10.83 

s:ss 8:86 SIB1 ' 
9:10 8.76 8.60 8.47 8.48 8.37 8.27 8.09 

SO.0 log.;! ;;.:y log.;; 9.94 '"9.:; 10.01 8.42 8.10 7.87 7.86 7.77 7.87 7.61 
lDo.o . . . 9.28 . 9.33 8.39 8.24 a.22 X:E 7.88 7.67 7.36 3% 7.34 7.28 7.18 7.03 

160.0 7.363 7.983 7.280 7.074 7.298 7.133 6.419 6.329 4.304 6.370 4.044 6.821 6.669 6.662 6.664 6.606 6.640 6.441 

%x 
4.081 4.471 4.088 6.899 4.048 6.967 6.367 6.282 6.279 6.342 6.066 4.988 4.824 4.726 4.744 4.681 4.731 4.644 

3Do:o 
6.309 6.867 6.348 6.182 6.302 6.240 4.714 4.679 4.460 4.707 4.444 4.398 4.262 4.169 4.186 4.117 4.176 4.034 
4.794 6.297 4.839 4.488 4.799 4.746 4.270 4.111 4.216 4.288 4.049 3.986 3.866 3.783 3.800 3.738 3.790 3.446 

360.0 4.419 4.888 4.484 4.327 4.431 4.382 3.946 3.802 3.894 3.947 3.744 3.484 3.666 3.600 3.617 3.441 3.608 3.394 

400.0 4.134 4.677 4.183 4.062 4.161 4.107 3.698 3.647 3.463 3.702 3.613 3.466 3.344 3.286 3.301 3.249 3.293 3.187 

'Z:: 
3.911 4.332 3.961 3.837 3.931 3.690 3.604 3.383 3.442 3.609 3.331 3.274 3.170 3.116 3.131 3.082 3.123 3.024 
3.732 4.136 3.783 3.444 3.766 3.714 3.348 3.236 3.309 3.366 3.184 3.129 3.030 2.980 2.994 2.948 2.987 2.892 

. ..*..........+I*...*..*.*..*..*..***...**..*..*.~*.*...**..*~**...**.****.*..*****...~~.*.....**.*..**.***.*.*****......*~~.**.*.*. 

wA 60= 62= 6bBI 6T" 6SpR 42" MGD 47na 4Sm 7%‘" 7JTA 76RE ,,IR 79'" B2w luB1 90m $2' 
*....C+~....,.....l..~*...~*.......~.~....*.~~.*.....*......*~.*.*...*...**.**...**..**.****............*.....*..~..*.....*....~..** 

::: 
24.71 23.67 23.42 23.79 23.67 22.23 21.64 20.34 19.91 19.39 19.01 18.70 18.02 17.79 17.60 17.64 14.91 16.71 
26.41 24.24 24.31 24.48 24.31 22.98 22.30 21.13 20.72 20.20 19.83 19.62 18.86 18.61 16.40 18.46 17.67 17.46 

i:p 
26.72 24.68 24.42 14.80 24.44 23.34 22.49 21.67 21.17 20.M 20.30 19.99 19.36 19.10 16.88 18.93 18.12 17.90 
26.79 24.44 24.70 24.88 24.77 23.61 22.86 21.77 21.39 20.90 20.64 20.24 19.62 19.37 19.14 19.19 18.36 18.14 

. 26.71 24.69 24.43 24.80 24.72 23.60 22.86 21.81 21.44 20.98 20.43 20.34 19.73 19.49 19.26 19.30 18.46 18.26 

2 
26.62 24.42 24.46 24.43 14.67 23.38 21.76 21.76 21.42 20.96 20.81 20.33 19.76 19.60 19.27 19.31 18.47 18.24 
26.24 24.18 24.22 24.39 24.36 23.20 12.68 21.43 21.31 20.84 20.62 20.26 19.49 19.44 19.21 19.26 18.41 18.20 

:2 
24.98 23.H 23.94 24.11 24.09 22.97 22.37 21.46 21.16 20.71 20.38 20.12 19.67 19.34 19.10 19.14 18.30 18.09 

7:o 
24.S4 23.40 23.44 23.81 23.80 22.71 22.12 21.24 20.96 20.63 20.20 19.96 19.42 19.19 18.96 19.00 18.16 17.96 
24.29 23.28 23.32 23.48 23.49 22.43 21.80 11.01 20.73 20.32 20.00 19.78 19.26 19.02 18.79 18.83 18.00 17.79 

2 
23.68 22.41 22.86 22.81 22.84 21.83 21.29 20.60 20.24 19.86 19.66 19.33 18.86 18.63 18.40 18.44 17.43 17.43 
22.88 21.94 21.98 12.14 22.18 21.23 20.71 19.97 19.74 19.37 19.08 18.87 18.41 16.21 17.98 18.02 17.22 17.03 

:z 
22.19 21.29 21.33 21.48 21.64 20.43 20.14 19.44 19.22 18.87 18.40 18.40 17.97 17.70 17.64 17.68 16.81 16.62 

1210 
21.62 20.64 20.70 20.86 20.92 20.06 19.68 18.92 18.72 18.39 18.13 17.93 17.62 17.34 17.11 17.16 16.40 16.22 
20.89 20.04 20.10 20.24 20.32 19.49 19.04 18.42 18.23 17.91 17.64 17.48 17.09 16.92 16.69 14.73 16.00 16.82 

::*: 
19.20 18.44 18.48 18.42 18.71 17.98 17.68 17.04 14.88 16.41 14.38 14.22 16.68 16.74 16.62 16.66 14.88 14.72 

26:0 
14.93 14.28 14.32 14.44 14.66 16.93 16.69 16.16 16.03 14.80 14.41 14.47 14.19 14.08 13.88 13.91 13.31 13.17 
16.19 14.41 14.86 14.74 14.88 14.33 14.04 13.47 13.67 13.37 13.20 13.09 12.84 12.76 12.67 12.W 12.06 11.94 

30.0 13.81 13.29 13.33 13.43 13.66 13.08 12.80 12.48 12.39 12.12 12.07 11.97 11.74 11.48 11.61 11.64 11.06 10.94 
36.0 12.70 12.22 12.24 12.36 12.47 12.03 11.79 11.61 11.43 11.28 11.14 11.00 10.86 10.80 10.64 10.S8 10.22 10.12 

2:: 
11.77 11.33 11.37 11.44 11.67 11.17 10.96 10.70 $3; '"9.~; 1"g.;: 1og.g '"9.:; 10.06 9.91 9.93 9.62 9.43 
N&f; '"9.;; 10.42 10.70 10.81 ';.'I; '"g.;: 10.01 9.43 9.31 8.93 8.84 

i!E 
6o:o 

S:76 t:;; 
;.I": 1"g.g '",A; 

8194 9:oi 9:11 . 
$ff 9:11 

9.42 ;I;; 9:26 9:1s iO8 a:93 8.89 X% 8.78 8.41 8.34 
8.91 

8:42 
8.76 6.46 8.69 a.44 e:as 8.31 7.97 

9.26 . 8.46 8.44 8.32 8.22 B.lT x2: 8.04 . 7.88 7.90 7.68 ::i!t 

%z 
8.806 8.483 8.614 8.683 8.490 8.392 8.240 8.048 8.028 7.931 7.843 7.788 7.667 7.430 7.618 7.638 T.231 7.188 
8.410 8.104 8.136 8.200 8.2S4 8.021 7.877 7.716 7.478 7.686 7.602 7.461 7.334 7.310 7.196 7.214 6.921 6.869 

it: 
7.734 7.467 7.487 7.644 7.434 7.387 7.264 7.112 7.079 4.997 4.920 6.874 6.770 4.740 4.641 6.469 6.390 6.334 

too:0 
7.184 4.926 4.964 7.009 7.OS8 4.866 6.744 4.816 4.686 4.611 6.440 4.397 6.303 4.283 4.184 6.201 6.961 6.900 
4.723 4.480 4.607 4.669 4.842 4.428 4.318 4.108 4.171 4.102 8.037 6.998 6.910 6.893 6.800 6.814 6.683 6.634 

160.0 6.207 6.020 6.042 6.083 6.163 4.SSO 4.SOB 4.823 4.406 4.766 4.704 4,477 4.613 4.400 4.629 4.642 4.361 4.324 
200.0 4.370 4.220 4.220 4.264 4.316 4.182 4.116 4.049 4.036 3.996 3.966 3.931 3.880 3.868 3.810 3.821 3.771 3.649 
260.0 3.882 3.730 3.4B9 3.719 3.774 3.809 3.432 3.689 3.671 3.631 3.479 3.473 3.434 3.409 3.366 3.348 3.343 3.237 

EE 
3.609 3.390 3.363 3.384 3.4¶6 3.337 3.303 3.247 3.249 3.213 3.144 3.141 3.127 3.106 3.066 3.066 3.044 2.949 
3.260 3.139 3.104 3.117 3.144 3.092 J.C+2 3.010 3.013 2.960 2.937 2.932 2.901 2.880 2.836 2.846 2.824 2.737 

3.062 2.!MB 2.918 2.928 2.973 2.9M 2.8?7 2.829 2.832 1.801 2.761 2.764 2.728 2.709 2.887 2.476 2.466 2.676 
2.897 2.798 2.770 2.780 2.822 2.769 1.731 2.488 2.689 2.S60 2.423 2.418 1.691 2.674 2.634 2.642 2.622 2.447 
2.771 2.477 2.461 2.460 2.701 2.441 2.414 2.671 2.674 2.647 2.611 2.6C8 2.482 2.446 2.427 2.436 2.416 2.346 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

R&ICE 11 IJIITS OF ?49/SQ Ql 
93 

18 106s 
41 

E/A BB 
4 

l **.*,*.*...** 
ec 

l ***.** 

2.6 6.160 4.960 

E 
4:o 

i.77; 6p;; 

7:on s:ese 
4.6 7.703 7.719 

CR FE 11 al GE SE SR za HO PE 
24 26 28 29 32 34 38 40 42 45 4;” 

t.*t.+.***++*.t.**l.~*.*****..***..~*.**..**.....***..***~.....~~.~..~.*.**** 
5.306 5.660 10.030 10.260 10.540 11.310 11.813 12.010 

10.450 10.888 Il.288 11.651 12.3BB 
12.214 12.690 

12.810 13.368 13.673 
12.920 

11.650 12.113 12.635 
13.830 14.388 

12.923 13.7aO 14.293 14.884 
14.a6a 

16.116 
12.892 13.347 13.794 14.280 16.156 

16.143 
16.776 

$6.433 16.362 
16.407 16.064 

14.110 14.694 16.082 16.608 17.268 
17.026 17.877 

16.623 17.535 
18.069 

18.200 18.623 19.606 15.769 

65:: 9.234 8.484 9.237 8.468 12.468 11.493 12.677 11.671 12.449 11.463 13.196 14.260 16.846 14.629 16.609 16.348 16.BB2 17.161 17.663 16.348 18.302 16.976 lB.067 18.776 15.486 19.760 20.233 21.339 21.470 
6.0 19.632 20.306 21.061 21.339 1.862 23.083 10.014 10.034 13.449 13.708 13.460 16.348 17.087 17.854 18.464 18.582 19.773 21.020 21.867 23.198 

6.6 
22.640 22.540 3.612 24.843 24.547 

7.0 10.823 10.867 14.466 14.766 14.496 16.460 18.364 19.206 19.803 20.334 21.209 22.636 23.434 24.263 24.666 11.661 11.706 16.607 16.861 16.667 17.698 19.649 20.644 21.168 21.712 22.672 6.186 26.622 26.715 
24.076 26.037 26.892 20.217 26.886 20.423 28.617 

8.0 13.43 13.48 17.67 18.10 17.76 15.96 22.32 23.30 23.98 24.66 26.68 10":: 27.24 28.33 29.26 29.60 50.37 32.10 16.31 17.30 16.36 17.34 15.94 22.32 20.46 22.93 20.06 22.47 22.40 24.96 26.11 28.01 26.18 26.51 25.56 27.49 28.80 30.63 31.74 32.73 33.10 33.90 36.87 36.99 32.20 

11.0 
29.17 30.66 32.04 33.93 36.27 38.33 JB.72 37.68 35.76 

15.41 19.42 24.80 26.60 24.59 27.63 31.03 32.27 33.10 33.71 36.40 38.93 
35.91 

12.0 21.82 21.61 27.38 28.15 27.60 30.40 34.16 36.49 Jo.37 36.99 38.87 
37.46 4O.O6 40.46 41.61 43.76 43.96 
41.10 42.71 43.90 44.33 46.47 47.88 48.11 

16.0 28.93 28.76 36.77 38.88 38.08 39.33 44.24 46.84 48.87 47.61 
2:: 

60.01 62.77 64.79 68.18 6e.66 68.10 60.96 
43.22 60.04 42.69 68.74 70.19 61.76 72.63 63.46 70.76 62.20 76.61 66.24 83.28 85.03 66.34 87.68 ea.62 89.12 67.26 as.71 70.90 54.64 74.04 77.39 75.05 79.06 81.68 86.14 61.37 86.38 

2:: 
99.44 103.00 106.00 106.62 106.07 112.27 

100.86 75.29 77.10 57.69 114.02 SO.57 117.86 94.03 114.76 91.62 121.36 97.34 109.40 136.29 112 139:S0 47 114.26 141.96 114 142134 76 121 11 127 07 131 62 133.81 134 47 137 46 142 28 113.67 144 34 
160:24 167:46 162:BS 166.42 166:ll 169:67 176:OQ 177150 

it:: 124.7 160.7 120.1 144.7 139.3 166.6 143.9 172.2 140.1 167.6 147.6 176.0 166.6 197.4 169.8 202.1 172.1 204.7 204.8 172.4 181.9 216.1 190.6 196.9 199.8 200.6 204.6 210.6 214.3 

w:o 2; 

178.9 171.1 156.1 202.6 197.0 206.4 231.4 236.8 239.6 239.6 262.8 248.0 263.4 226.1 233.6 236.7 237.4 242.2 
284.3 272.9 276.3 277.0 282.3 289.6 296.1 

209.1 241.3 229.7 199.6 227.6 261.0 236.1 269.6 228.6 261.9 236.9 273.4 267.7 306.2 273.7 312.9 276.8 316.3 276.4 291.8 304.9 314.8 318.4 319.0 326.0 332.9 339.4 
316.6 333.1 347.9 369.0 362.9 363.6 370.2 378.6 386.3 

t::: 276.6 311.6 261.8 296.3 333.6 256.3 344.6 JOB.1 297.3 334.6 3O9.8 348.2 346.8 389.6 364.2 397.7 367.9 401.6 366.9 400.3 376.7 353.3 406.7 409.8 410.4 417.7 426.8 436.6 

1oo:o iti 

389.5 367.9 413.6 427.0 414.6 430.4 481.2 490.8 496.3 493.3 620.6 487.3 422.6 440.9 464.8 469.0 469.8 487.6 477.3 
642.9 669.7 664.4 664.8 674.2 686.3 697.7 

474.6 686.6 446.9 632.3 600.6 694.6 613.6 616.8 601.6 696.3 616.1 619.8 687.9 680.7 652.0 706.4 697.0 694.1 628.9 663.6 673.6 678.6 878.8 889.7 702.1 717.1 
700.8 702.6 741.2 TT2.3 796.8 801.2 801.3 813.6 827.6 846.2 

160.0 200.0 1123. :z. 1168. H96. 1169. 1193. 1330. 1362. 1360. 1424. 14ai. 1626. 1632. 1631. 1661. 1674. 
260.0 

1826. 1862. ;a:: 1863. 1912. 2129. 2163. ::Fi. ZE 2270. 1606. 
2342. 2416. 2438. 2434. 2464. 2a48. 2436 : 2688. 2747. 3067. 3114: 2482. 2646. 

300.0 3114. 3262. 344e. 3489. 
360.0 

3672. 3272. :iZ: 3710. 3812. 3882. 4096. 4124: Z? y&. yp. 3632. 3833. 
4189. 4167. 4348. 4697. 4863. 4684. 4187. 4698. 4744. 4822. 4704. 6231. 6367. 6317. 6SBB: 6924: eo12: ;;73;. 4646, 

6268. 6644. 6863. 6943. . 6166. 

400.0 6673. 6172. 6876. 6667. 6708. 6801. 6460. 6661. 8476. 460.0 8832. 6828. 8973. 7202. 7290. 7400. 
600.0 

6830. 6217. B819. 7037. 8861. 6986. 7743. 7971. 7869. -7;;~: 7361. 7682. 
776s. 8189. a367. ae31. 8738. 8048. 731.3. ao21. 8278. 8071 8189. 9101. 5378. 5234. 9124. 8878. 8802. 9081. 

9818. 9810. 10132. 10298. 10268. 10416. 10326. 10664. 

. . . . . . 
E/A 

. . ..I..................................~................~..~.........~..................~~........~.............~............. 
SE TE BA LA PR Sll GD ii0 M LU 

60 
TA RF. Ia PB 

62 66 67 69 62 64 67 69 71 73 77 
AU BI TE U 

76 79 a2 a3 so 92 
I.l.....C...................~........................~.....~.......~.......,.......~.......~~...~.......~~......~~.................. 

2.6 13.67 14.08 16.22 16.61 16.09 16.92 17.42 3.0 18.06 la.44 18.82 19.20 19.61 20.02 20.39 20.87 16.42 16.02 17.16 17.44 18.03 10.98 19.64 20.73 21.04 22.67 23.06 
3.6 20.30 21.16 21.65 22.04 22.64 22.94 23.46 23.62 17.24 17.93 19.06 19.32 19.93 20.98 21.60 22.47 22.96 26.26 26.78 
4.0 19.04 19.81 20.94 21.19 21.81 22.98 23.64 26.13 26.67 28.4O 23.43 23.91 24.39 24.97 26.40 26.94 26.10 27.86 
4.6 20.86 21.70 22.82 23.06 23.89 24.94 26.68 27.30 27.82 28.64 50.40 Jo.50 24.82 26.18 2B.70 27.36 28.38 

z8.76 27.85 28.44 28.59 29.71 30.21 X.80 30.56 32.53 33.64 

6.0 22.66 23.60 24.72 24.94 26.68 26.93 27.72 6.6 24.49 26.61 26.83 26.84 27.48 28.92 29.77 32.60 33.22 33.36 36.44 36.08 28.89 25.47 30.11 30.69 31.28 32.07 
31.03 31.64 32.33 32.96 33.67 34.43 2B.36 27.46 28.66 28.76 29.40 30.54 31.84 34.98 36.63 36.77 37.96 38.63 

28.22 29.40 30.61 Jo.70 31.34 32.97 33.93 36.37 36.04 37.38 38.19 4O.60 41.19 33.19 33.83 34.67 36.23 35.87 30.80 3B.06 
36.82 37.62 38.19 39.18 30.12 31.39 32.45 32.66 33.30 36.03 38.04 39.80 40.60 40.63 43.06 43.77 

37.67 38.27 39.10 35.83 40.63 41.69 42.23 42.57 43.05 46.62 48.37 

8.0 10":: 34.01 36.44 36.64 36.68 37.32 35.23 40.36 42.81 43.73 42.06 44.63 46.25 46.47 47.97 38.01 42.14 39.62 43.92 46.00 40.71 40.82 46.09 46.71 41.46 43.66 48.00 44.78 48.64 47.46 48.47 45.36 60.16 61.46 47.17 62.22 63.08 48.08 63.18 60.84 M.17 67.06 61.66 

11.0 49.33 61.36 62.24 63.33 64.28 66.16 66.67 68.32 
12.0 

48.40 48.36 49.43 49.48 60.09 62.67 64.02 57.14 67.38 68.41 61.64 62.68 
66.21 68.33 69.36 BOO.27 61.81 60.78 62.92 63.99 64.01 64.60 67.28 68.83 62.88 83.65 83.76 67.24 ea.24 
61.20 62.18 83.46 84.66 66.62 67.19 88.11 45.19 69.26 72.98 74.06 

16.0 84.72 67.44 88.48 ea.39 88.92 72.19 74.09 20.0 76.96 78.09 79.84 80.96 82.10 84.13 
26.0 

90.67 94.33 96.31 96.03 96.40 55.73 102.24 107.33 86.22 Be.63 88.66 51.08 92.34 
106.96 109.36 111.07 119.61 124.64 126.43 124.93 126.08 130.56 112.60 116.16 118.61 118.27 118.22 124.17 126.78 

30.0 133.73 138.31 139.96 142.47 144.60 161.76 167.96 168.76 167.99 167.89 164.68 146.33 145.66 161.26 163.64 163.41 160.53 162.92 
36.0 168.48 173.57 176.86 178.89 181.48 186.91 194.47 196.16 194.13 153.71 183.62 187.63 185.40 152.26 152.03 201.26 203 247:as 66 

201.72 206.36 212.81 214.96 218.64 221.61 223.98 220.71 230.83 234.32 233.55 246.07 

40.0 226.0 234.0 234.6 233.3 232.6 241.9 247.3 46.0 264.8 267.2 261.3 264.9 zB7.6 
60.0 

266.5 276.6 276.5 276.3 274.1 273.1 276.6 279.6 279.2 252.3 340’6 256 6 
286.0 291.2 299.7 302.4 307.2 311.3 309.6 321.8 322.1 320.1 315.6 314.3 320.6 323.2 328.2 327.6 342.7 

66.0 366.9 370.0 370.1 367.7 JB6.S 364.1 371.2 374.0 379.9 375.1 390.4 400'7 330.9 338.1 347.6 360.6 366.0 360.6 

60.0 
379.6 387.7 396.4 401.6 407.6 412.9 

404.9 420.8 420.7 417.9 416.3 416.7 424.7 427.8 434.4 433.6 463.2 468’0 61616 431.1 440.1 461.9 466.4 4B2.2 468.1 472.3 481.1 484.6 491.9 491.0 613.1 

:i?:: 466.4 610.6 474.3 630.4 474.0 629.9 470.8 620.3 487.6 622.4 486.2 496.2 608.2 612.0 619.4 626.0 630.6 540.4 644.0 562.4 661.2 676.9 6a1.s 

1oo:o z-0” 

641.9 663.0 667.2 671.3 679.4 686.8 626.9 660.2 649.2 644.8 639.4 BB2.8 691.7 802.4 BW.2 (116.6 614.3 c141.7 648 785’6 2 
676.1 692.9 697.6 707.2 716.8 721.8 734.6 738.8 760.3 74B.a 781.7 

760.8 664.7 ‘R9.8 818.7 776.2 916.6 T12.6 909.5 766.8 501.4 793.6 533.6 809.2 951.7 828.6 833.5 846.1 866.3 862.1 877.0 881.7 896.6 853.6 532.6 541’7 
974.0 579.9 552.8 1004.6 1012.4 1029.6 1034.7 Ilo4:e 1060.9 1048.6 1094.1 

160.0 1680. 1706. 200.0 1764. 1798. 1843. 
260.0 

300.0 

3757. 3863. 4121: :% gi;: 31so. 2:. . 
2661. 1697. 2837. :t24. x)47. 

2788. 
3980. 4046. 

360.0 
5063. 6163. 6390. g$;;. 2% 2% 6312. 5491. 
a442 6670. 6762. 8866. 7663: nrs: 6580. . 

400.0 
460.0 

7920. 8206. 8249. a202. 6030;: B316. 8423. 8676. 8686. 

600.0 
5486. 9837. 5ae.6. 9834. aaa2. 8797. 1%::' 1~~' 10%:' 1%;:’ 1:::;. if;::’ 1;:::’ 5969. 10084. 10264. 10272. 

11128. 11626. 11603. 11646. 11392. 10387. 10626. 12375: 12623: 12655: 127ga: 1276.~1 12938: 13255: 11683. 11826. 12034. 12041. 12176. 12335. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

&BCTROIIC STOPPIIO POUSR II MITS OF lW/WG/Sq QI) 
98 

no 106s 
42 

WA B6 
2 12 

rc AL SI CA TI CR FE 11 UJ GB SE SR 2R WO BE 
4 13 14 w 22 24 26 28 29 32 34 36 40 42 46 4” 

..L......**~,..I*L*****.*.~~.**..*.****~~******...***~..*~~*.*..~*.****.**.~.*.**..*~~~*~**~*~***.**~*.*~****..*.*..*~...~**....***. 

::: 
60.26 72.62 66.61 62.99 63.69 46.61 41.67 39.94 36.73 37.74 36.38 33.23 31.60 30.60 30.24 29.11 26.09 27.16 
77.26 71.37 66.03 62.60 63.39 46.69 42.07 40.26 39.12 38.26 36.91 33.80 32.18 31.26 30.91 29.82 27.02 27.68 
74.16 99.67 M.10 61.76 62.62 46.12 41.62 40.10 39.06 38.30 36.97 33.92 32.36 31.47 31.14 30.09 27.61 28.10 
71.14 97.64 62.96 60.73 61.62 47.41 41.30 39.68 38.70 XI.04 36.76 33.76 32.26 31.41 31.11 30.09 27.71 28.26 
96.26 96.46 61.73 49.69 60.60 49.66 40.64 39.11 36.M 37.61 36.37 33.44 32.00 31.19 30.90 29.92 27.73 18.14 

::i 
66.60 93.39 60.46 46.40 49.34 46.84 39.90 38.46 37.69 37.08 34.89 33.02 31.63 30.66 30.69 29.66 27.81 27.92 
63.12 61.40 49.21 47.22 46.18 44.66 39.12 37.76 38.93 38.49 34.34 32.63 31.19 30.48 30.21 29.30 27.41 27.63 
60.61 69.60 47.96 49.07 47.03 43.72 38.33 37.03 38.26 36.88 33.77 32.01 30.72 30.02 29.79 28.91 27.16 27.29 
66.66 67.69 48.79 44.94 46.91 42.77 37.66 36.30 36.67 36.23 33.18 31.48 30.23 29.66 29.34 28.60 28.86 28.92 
Lb.67 66.99 46.64 43.86 44.82 41.86 38.77 36.69 34.89 34.69 32.68 30.93 29.73 29.09 28.88 28.07 26.63 26.64 

E 
63.08 62.66 43.49 41.82 42.78 40.08 36.28 34.19 33.67 33.32 31.41 29.86 28.73 28.14 27.S8 27.20 26.84 26.78 

1o:o 
490.97 60.06 41.62 39.96 40.91 39.43 33.88 32.88 32.31 32.12 30.29 28.81 27.76 27.21 17.06 26.34 26.13 24.98 
47.22 47.66 39.73 38.26 39.19 36.91 32.68 31.86 31.13 30.98 29.23 27.82 26.82 26.33 26.18 26.62 24.42 24.22 

:::: 
44.79 46.32 38.10 38.70 37.61 36.60 31.36 30.61 30.03 2S.91 28.23 26.69 26.94 26.48 26.36 24.73 23.74 23.60 
42.63 43.30 S.60 36.27 38.17 34.21 30.26 29.46 29.00 28.91 27.30 28.02 26.11 24.69 24.67 23.98 23.08 22.81 

16.0 37.34 38.28 32.80 31.94 32.48 30.88 27.37 28.69 28.32 28.29 24.84 23.71 22.92 22.67 22.49 21.98 21.28 20.96 

ii:"0 
31.16 32.29 28.10 27.13 27.90 28.86 23.70 23.16 22.88 22.91 21.88 W.72 20.06 19.80 19.74 19.34 18.84 18.40 
26.91 26.09 24.70 23.87 24.67 23.66 W.99 20.64 W.3’2 10.38 19.28 18.48 17.88 17.89 17.66 17.32 18.93 18.68 

E:: 
23.79 24.98 22.12 21.39 22.03 21.19 16.91 18.62 18.34 18.41 17.42 16.70 18.19 16.03 18.01 16.73 16.42 16.08 
21.40 22.68 10.10 19.44 W.03 19.31 17.26 18.91 16.78 IO.84 16.94 16.29 14.83 14.70 14.89 14.44 14.18 13.86 

iti:8 
19.61 20.63 18.46 17.66 IS.41 17.78 16.89 16.80 16.46 16.66 14.72 14.13 13.71 13.80 13.80 13.38 13.18 12.88 
17.99 19.06 17.10 16.66 17.07 16.60 14.77 14.60 14.38 14.47 13.71 13.16 12.77 12.88 12.68 Il.48 12.29 12.01 

2.8 
16.67 17.74 16.98 16.46 16.93 16.43 13.81 13.67 13.47 13.66 12.84 12.33 11.97 11.90 11.90 Il.72 11.66 11.28 

so:0 
16.69 16.62 14.98 14.61 14.97 14.61 13.00 12.77 12.68 12.78 12.10 11.62 11.28 11.22 Il.23 11.06 10.91 10.68 
14.66 16.66 14.14 13.70 14.13 13.71 12.29 12.08 11.99 12.08 11.46 11.00 10.68 10.63 10.84 IO.49 IO.36 10.11 

FE:8 
13.86 14.81 13.40 12.98 13.39 13.01 11.88 11.47 Il.39 Il.48 IO.88 1"9.;‘l '"9.;; '"9.;: 10.12 9.9s 9.86 9.82 

2: 

13.14 14.07 12.76 12.36 12.76 12.39 11.11 10.93 '"9.;; i8.z '"9.:; 9.63 9.41 9.19 

1oo:o 

11.96 12.84 11.66 11.29 11.66 11.34 '"9.:; 10.01 
11.00 Il.64 10.76 '"9.;; g.;g 1og.g 

8178 t:i: 
9:22 9:30 8162 

9:16 8189 a:88 % 8.76 8.86 8.48 
8.48 8.24 8.22 8:23 

F&? 
8.03 7.88 

10.21 11.01 10.02 . . . 8.80 8.68 8.23 7.92 7.70 7.68 7.89 . 7.61 7.38 

160.0 7.709 8.367 7.640 7.416 7.949 7.476 8.728 8.832 8.807 8.878 8.338 6.101 6.930 6.923 6.938 6.874 6.806 6.701 
2W.0 0.366 8.994 6.394 8.186 6.342 6.247 6.617 6.617 6.638 6.601 6.310 6.230 6.068 4.964 4.974 4.908 4.880 4.788 
260.0 6.699 8.142 6.909 6.436 6.661 6.496 4.944 4.802 4.877 4.937 4.882 4.810 4.469 4.372 4.391 4.3I7 4.379 4.230 

Et8 
6.029 6.666 6.076 4.918 6.034 4.977 4.479 4.312 4.421 4.477 4.247 4.180 4.044 3.988 3.988 3.921 3.978 3.844 
4.636 6.127 4.886 4.640 4.948 4.698 4.139 3.989 4.087 4.140 3.928 3.886 3.740 3.872 3.689 3.830 3.680 3.680 

EE 
4.338 4.601 4.369 4.262 4.366 4.308 3.680 3.743 3.833 3.884 3.886 3.824 3.608 3.448 3.483 3.408 3.464 3.343 

6oo:o 
4.LG4 4.646 4.168 4.026 4.126 4.082' 3.878 3.660 3.633 3.882 3.496 3.436 3.328 3.289 3.286 3.234 3.277 3.172 
3.916 4.339 3.989 3.844 3.940 3.899 3.612 3.396 3.472 3.620 3.341 3.283 3.179 3.118 3.142 3.093 3.134 3.036 

.*C..L+*...*..,.,.*...***.*..~.**....*..**..*.~~*...*******..*.***.*...***..~*****.***.***,.*..*****~**.**.**.**~.*~*..*.~...***.*.~ 
WA Y TE BA LA Pa SH GO EO RI LU TA RE IR AU PB 81 TH s2U 

60 62 66 67 69 62 64 87 69 71 73 76 77 79 a2 83 90 
. . ..l*.***...*...+~..**.......***...~***..*...~....*..*...**.**~~**..*....~***.*.~...*****..*****.***...***.~.*..~.*...*.***....*.~~ 

Z:i 
26.41 24.23 24.28 24.46 24.24 22.88 22.16 20.92 10.47 19.93 IS.66 19.23 18.63 18.29 18.09 18.14 17.38 17.18 

3:: 

28.:16 24.97 26.01 26.19 26.01 23.66 22.94 21.76 21.32 20.79 20.40 20.08 19.40 19.16 18.94 18.98 18.18 17.97 
29.60 26.31 26.38 26.64 26.39 24.08 23.36 22.21 21.80 11.18 W.90 W.69 19.92 19.88 19.44 19.49 18.66 18.43 
29.69 26.42 26.49 26.64 26.63 24.22 23.64 22.43 22.04 21.63 21.18 20.88 20.21 19.96 19.72 19.77 18.91 16.89 

4.6 29.61 26.36 26.40 26.68 26.49 24.23 23.68 22.49 22.12 21.83 21.26 20.97 20.36 20.09 19.86 19.90 19.03 18.81 

ti:: 26.08 26.33 26.20 24.97 26.24 26.01 26.41 26.18 26.14 26.36 24.12 23.96 23.47 23.31 22.32 22.46 21.99 22.10 21.63 21.62 21.28 21.18 W.97 W.90 20.37 200.32 20.12 20.07 19.88 IS.82 19.87 IS.92 19.00 19.06 18.78 18.83 

26.76 24.69 24.73 24.90 24.88 23.72 23.10 22.16 21.84 21.38 21.04 20.78 20.21 19.96 19.72 19.77 18.90 18.88 
26.46 24.39 24.42 24.90 24.69 23.46 22.86 21.94 21.64 21.20 20.87 20.61 W.06 19.82 19.68 

:;%i; 
18.78 18.66 

26.11 24.06 24.10 24.27 24.20 23.18 22.69 21.71 21.42 21.00 10.67 W.42 19.89 19.66 19.41 18.80 18.39 

1o:o 8-i 

24.40 23.39 23.43 23.69 23.62 22.68 22.02 21.20 20.94 20.63 20.23 IS.99 19.49 19.27 19.02 19.07 18.23 IS.02 

23.66 22.98 22.06 22.71 22.76 22.09 22.91 22.24 22.96 22.30 21.97 21.38 21.44 10.86 20.67 20.13 20.42 19.91 W.04 19.64 19.76 19.26 19.62 19.06 16.80 19.06 18.84 18.40 18.60 18.18 18.84 18.20 17.40 17.82 17.82 17.21 
11.0 22.31 2I.41 21.46 21.60 11.67 W.77 20.29 19.60 19.39 19.06 18.78 18.68 18.16 17.97 17.73 17.77 18.99 18.80 
12.0 21.60 W.80 W.84 W.99 21.07 20.21 19.74 19.09 18.90 18.67 16.31 18.12 17.71 17.64 17.30 17.34 18.68 18.40 

16.0 19.93' 19.16 19.19 19.33 IS.42 16.66 18.24 17.89 17.62 17.23 17.00 16.84 18.48 16.33 16.10 18.14 16.44 16.27 

ii:: 16.61 17.91 16.93 16.21 16.26 16.97 17.09 16.36 17.21 16.48 14.92 16.66 16.20 14.61 16.76 14.22 16.82 14.12 16.38 13.91 16.18 13.74 16.04 13.62 14.76 13.37 14.63 13.27 14.42 13.08 14.46 13.11 13.83 13.89 12.42 

%:8 14.39 13.24 13.66 12.74 13.89 12.78 13.99 12.86 14.11 13.00 13.61 12.64 13.33 12.29 13.00 12.00 11.92 12.Sl 11.76 12.73 12.67 11.62 12.47 11.62 12.26 11.32 12.17 11.28 11.09 11.99 11.11 12.01 ::.;F IO:66 :h:ii 

E 12.28 11.48 11.62 11.06 11.09 11.66 11.96 11.17 12.07 11.29 11.66 10.90 11.43 10.69 10.46 11.18 11.09 10.94 10.82 IO.73 '"9.:; ""9A.l '"93; lWt& 9.93 9.31 9.23 9.83 

80:o k8 :C&.':; 9:07 

10.39 10.42 10.61 10.62 10.06 9.84 I;.;; 9:33 9:28 9:14 9. I6 8.78 8.70 

x4 . EX . ;a; . 1og.g . IOg.;; 9:21 E3 . 9.31 8.86 9:2e 8.80 8.40 8.83 8.38 8.79 tc . 2% 7.92 8.32 8.26 7.86 

FEZ 9.206 8.796 6.669 8.474 8.902 6.607 8.674 8.973 9.074 6.673 8.367 8.773 8.614 8.236 8.434 8.087 8.018 8.392 7.932 8.290 8.198 7.844 8.141 7.790 7.670 8.014 7.842 7.983 7.868 7.622 7.642 7.879 7.667 7.236 7.489 7.171 

100: 3.8 0 

8.086 7.601 7.932 7.994 7.999 7.727 7.691 7.439 7.406 7.319 7.239 7.190 7.082 7.068 8.947 8.986 8.884 6.826 

7.620 7.050 6.784 7.248 6.812 7.277 6.667 7.336 7.426 6.963 6.729 7.186 7.069 8.613 6.922 6.488 6.6Sl 6.460 6.613 6.368 6.319 8.739 6.278 6.694 6.696 6.187 8.164 6.676 6.471 6.071 6.489 6.088 8.227 6.843 6.173 6.793 

160.0 6.467 6.261 6.283 6.326 6.399 6.229 6.143 6.064 6.036 4.983 4.931 4.900 4.833 4.820 4.746 4.769 4.689 4.631 

SE:: 4.681 4.0EO 4.424 3.912 4.424 3.699 3.900 4.460 4.626 3.980 4.306 3.946 4.316 3.909 4.246 3.742 3.746 4.231 4.189 3.703 3.948 4.148 3.842 4.121 4.088 3.802 4.066 3.676 3.618 3.994 4.008 3.630 3.606 3.963 3.826 3.394 

ii%:: 3.410 3.991 3.666 3.293 3.617 3.269 3.270 3.629 3.661 3.319 3.600 3.244 3.496 3.212 3.408 3.168 3.1 3.4 ii0 8 3.370 3.126 3.321 3.081 3.316 3.076 3.280 3.043 3.022 3.266 3.206 2.974 3.216 2.984 3.193 2.982 3.093 2.872 

400.0 3.202 3.093 3.092 3.072 3.119 3.048 3.018 2.990 2.971 2.938 2.897 2.891 2.882 2.842 2.798 2.807 2.786 2.702 
460.0 3.039 2.936 2.007 1.916 2.981 2.694 2.996 2.618 1.821 2.791 2.762 2.746 2.719 2.700 2.669 2.887 
600.0 2.906 2.809 2.782 2.791 2.834 2.771 2.741 2.698 2.701 2.672 2.636 1.630 2.804 2.688 2.647 2.666 

;.'33! 
. 

:.iz 
. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAIGE II UIITS OF HO/Slj Ql 
98 

no IDES 
42 

E/h BE 
tic 12 

n: hL SI Ch l-I CR FE II aJ GE S6 SR ZJI WI Rn 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4!G 

.*..*..*.+*.**.*..1...*...*~*.*...*****.***~*..**.*...***..~*.****..*~***.*.*.**..~.**...****.******...*~**.**~~*~**...*.*...~**~~.* 
2.6 6.330 6.110 7.219 r.200 7.070 8.414 9.110 9.603 9.970 10.360 10.680 11.290 11.670 12.194 12.400 12.610 12.992 13.330 
3.0 6.962 6.790 8.106 8.127 7.984 9.422 10.278 10.823 11.227 Il.638 11.963 12.760 13.206 13.776 14.000 14.270 14.834 16.108 
;:i . 6.699 7.274 7.977 7.200 6.486 7.937 10.864 9.003 9.918 10.022 10.998 9.066 10.808 8.908 9.848 10.436 11.461 12.603 12.822 13.818 11.443 13.270 14.613 12.042 13.740 12.480 16.014 12.917 14.200 16.496 13.316 14.681 16.068 16.643 17.101 14.199 18.238 17.763 14.722 18.460 16.337 16.896 18.731 16.678 17.161 16.906 It.632 19.166 16.629 18.402 18.689 16.864 

20.169 20.326 

Z:i 8.709 9.471 8.698 9.483 11.813 12.796 11.998 13.023 11.789 12.794 13.666 14.661 16.036 16.276 16.777 17.093 16.307 17.622 16.807 18.139 17.463 18.868 18.676 20.070 19.303 20.863 20.039 21.637 20.326 21.936 20.810 21.940 23.720 22.074 23.838 
6.0 10.262 10.294 13.806 14.074 13.824 16.790 17.640 18.373 18.S91 19.493 20.307 

25.472 
21.688 22.446 23.268 23.670 lb.166 26.616 26.623 

6.6 11.083 11.130 14.839 16.161 14.879 16.893 18.832 19.710 20.326 20.872 21.771 23.132 24.063 24.902 26.227 26.862 27.330 27,430 
7.0 11.933 11.992 16.900 16.266 16.969 18.061 20.161 21.073 21.716 22.276 73.261 24.702 26.887 26.673 20.910 If.694 29.166 29.263 

8.0 13.72 13.79 18.10 18.64 18.20 20.44 22.87 23.88 24.68 26.16 26.32 27.93 29.04 30.00 30.36 31.14 32.91 33.01 9.0 16.62 16.70 20.41 20.94 20.64 22.94 26.71 28.81 27.66 28.16 29.60 31.27 32.61 33.64 33.92 34.80 39.76 38.87 
10.0 17.84 17.71 22.82 23.46 22.99 26.64 28.66 29.84 30.66 31.27 32.90 34.73 36.10 37.20 37.61 38.68 40.71 40.86 
11.0 19.77 19.82 26.34 26.08 26.64 28.26 31.72 33.00 33.86 34.48 36.21 38.31 39.82 40.99 41.41 42.48 44.78 44.97 
12.0 22.02 22.03 27.96 28.79 28.20 31.07 34.90 38.27 37.17 37.82 39.74 42.02 43.66 44.89 46.34 49.61 48.97 49.20 

16.0 29.41 29.27 36.46 37.61 36.79 40.13 46.13 46.77 47.83 48.49 61.04 63.87 66.93 67.36 67.86 69.32 62.26 62.66 

3o:o :ix 

43.64 43.27 62.66 64.39 63.12 67.27 84.43 S8.64 67.86 98.61 72.22 76.03 78.86 80.60 81.17 83.14 88.77 87.62 

80.82 80.22 78.13 69.69 92.31 71.31 96.41 73.69 92.99 71.89 78.86 98.83 111.08 88.44 114.21 89.06 116.04 so.62 116.67 91.24 123.03 98.26 129.10 101.14 133.62 104.77 106.83 136.97 136.66 107.47 139.70 109.97 114.26 144.61 116.87 146.70 
36.0 101.97 98.80 116.68 119.48 116.34 123.09 138.26 141.93 144.03 144.44 162.46 169.81 166.28 167.92 168.64 172.26 177.78 180.63 

40.0 126.0 121.6 141.1 146.8 141.9 149.6 167.9 172.1 174.6 174.8 184.6 193.2 199.7 202.6 203.3 207.6 213.7 217.4 
ZE 162.2 180.6 146.3 172.9 168.7 198.4 174.3 206.0 169.6 199.3 208.9 178.2 234.2 199.9 204.8 239.7 207.4 242.6 207.6 242.6 219.0 266.0 229.2 267.7 236.8 276.4 233.9 279.9 240.7 280.6 266.0 246.6 262.2 293.4 266.8 

299.0 
66.0 211.0 201.6 230.1 237.7 231.0 241.7 270.8 277.0 280.1 279.8 296.3 308.6 318.6 322.3 323.0 329.1 337.0 343.7 
60.0 243.4 231.9 263.8 272.6 264.8 276.6 309.6 316.4 319.9 319.2 337.0 362.0 363.3 397.2 367.9 374.6 383.2 390.9 

66.0 277.8 2I34.1 299.4 309.3 300.4 313.2 360.6 368.1 361.8 360.9 380.9 397.7 410.3 414.6 416.1 422.6 431.7 440.6 
70.0 314.2 296.1 336.9 348.0 337.9 361.8 393.6 401.9 406.9 404.6 427.0 446.7 463.7 464.1 484.7 472.8 482.7 492.7 

f%:: 478.1 392.6 371.1 461.2 417.4 606.0 431.1 621.4 418.4 606.0 434.6 624.6 486.9 686.1 496.7 697.6 602.6 600.2 498.2 699.8 632.8 626.8 669.7 648.4 680.0 666.4 886.2 670.2 686.5 670.7 698.4 680.2 691.4 709.1 g03.9 724.2 
100.0 670.7 636.6 699.6 818.9 900.4 821.6 694.0 707.1 712.8 709.0 747.9 779.4 803.1 608.6 808.8 821.2 836.3 863.2 

160.0 1130. 1064. 
:A;:. :z 

1167. 1204. 1339. 1362. 1371. 1360. 1434. 1493. 1637. 1644. 1642. 1663. 1686. 1619. 
200.0 1836. 1699. 

2696 : 2781: 
:%. ;;v&. y;. y;. 2187. 2168. 2286. 2368. 2432. 2466. 2461. 2481. 2499. 2663. 

260.0 2662. 2449. 
3632: 3703: x. ai;: 

3133. 3103. 3272. 3369. 3467. 3611. 3603. 3661. 3666. 3666. 
300.0 3690. 3290. 3616. :;;A. 4191. 4147. 4373. 4478. 4624. 4690. 4677. 4744. 4732. 4874. 
360.0 4607. 4210. 4623. . 4647. 4729. . 6346. 6287. 6676. 6699. 6866. 6976. 6967. 6046. 6016. 6201. 

i%:: 8863. 6701. 6249. 6199. 8863. 6704. 7072. 6886. 6737. 6896. 6831. 7001. 8483. 7782. 8866. 8012. 6686. 7900. 6611. 7808. 6864. 8231. 7010. 8400. 7240. 8876. 9816. 7366. 7329. 8784. 7440. 8917. 7391. 8848. 7623. 
9128. 

600.0 8087. 7363. 8060. 8318. 8111. 8230. 9147. 9426. 9280. 9170. 9966. 9860. 10184. 10360. 10310. 10468. 10378. 10709. 

..*~**~**..**..**~****.**.*.******~****~***.~*******~*******.*************.**.******.***.******..******....**.*******.***..***.***** 
E/d. SU n Bh Lh PR SPI GD II0 'RI LU Th RE IR PU PB BI M U 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 83 90 92 
..*..*..****.**.**.**..****...*~*.****..**.***.****.*.*******.***...**....**.*.*..*.~*..**...*.**~*.*.*~*....**.*.....~..~**..~*~*.. 

2.6 14.00 14.63 16.70 16.00 16.60 17.46 17.97 18.63 19.02 19.40 19.80 20.22 20.64 21.03 21.63 21.71 23.28 23.78 
3.0 16.90 16.62 17.69 17.97 18.69 19.66 20.14 20.92 21.36 21.81 22.26 22.71 

17.76 
23.22 23.64 24.17 24.36 26.03 26.66 

3.6 18.47 19.63 19.90 20.63 21.61 22.26 23.16 23.63 24.13 24.62 26.12 26.71 26.16 26.72 26.89 28.69 29.26 
4.0 19.80 20.40 21.66 21.82 22.46 23.64 24.34 26.34 26.87 26.42 26.96 27.48 28.16 28.64 29.22 29.39 31.30 31.89 
4.6 21.46 22.33 23.48 23.73 24.38 26.66 26.42 27.62 28.08 28.69 29.26 29.82 30.67 31.08 31.70 31.86 33.88 34.60 

6.0 23.30 24.26 26.42 26.66 26.30 27.69 28.60 29.70 30.30 30.36 31.66 32.16 32.97 33.62 34.16 34.31 39.46 37.10 
6.6 26.17 26.22 27.37 27.69 28.24 29.73 30.60 31.89 32.62 33.23 X3.87 34.60 36.38 36.96 39.63 35.78 39.02 39.71 
6.0 27.06 28.19 29.34 19.64 30.20 31.78 32.71 34.10 34.76 36.61 36.19 39.86 37.80 38.41 39.11 39.26 41.61 42.33 
6.6 28.97 30.19 31.33 31.62 32.18 33.86 34.84 38.32 37.01 37.81 38.63 39.22 40.23 40.87 41.60 41.74 44.21 44.96 
7.0 30.91 32.21 33.36 33.63 34.19 36.96 37.00 38.66 39.29 40.13 40.89 41.60 42.69 43.36 44.12 44.24 48.84 47.61 

8.0 34.87 34.34 37.48 37.62 38.28 40.26 41.39 43.13 43.91 44.86 46.68 46.46 47.66 48.38 49.21 49.33 62.18 62.99 
9.0 3.96 40.69 41.72 41.64 42.49 44.64 46.90 47.81 48.66 49.68 60.68 61.41 62.76 63.63 64.42 64.63 67.69 68.49 

10.0 43.16 44.97 44.09 46.18 46.82 49.17 60.64 62.62 63.61 64.63 66.61 66.60 67.96 68.79 69.76 69.86 63.16 
:::: 47.48 61.93 

64.12 
49.48 64.13 60.69 66.23 60.66 66.26 61.28 66.86 63.82 68.90 60.20 66.30 62.81 67.66 BJ.62 68.60 a.92 69.71 80.76 89.04 61.70 67.06 63.29 68.76 64.18 66.22 66.30 98.86 69.88 

69.70 70.81 70.88 74.70 76.79 

16.0 66.09 98.87 69.96 99.86 70.41 73.76 76.70 78.62 79.79 81.37 82.72 83,.89 86.97 87.08 88.43 88.46 93.08 94.37 
20.0 92.31 V6.16 97.16 99.88 97.27 101.69 104.26 108.04 109.46 111.62 113.27 114.73 117.44 
26.0 121.73 

118.83 120.64 126.67 128.31 
126.74 127.67 127.17 127.34 132.92 

120.60 
136.16 140.83 142.60 146.07 147.26 149.01 162.39 164.04 166.37 

30.0 164.26 
166.24 163.91 166.94 

160.66 161.39 160.63 160.64 167.36 171.30 176.91 178.84 181.93 184.67 186.66 190.73 192.66 196.66 207.18 
36.0 189.79 197.46 

196.34 2Q4.74 
198.20 197.17 196.76 204.91 209.62 216.19 218.38 222.03 226.16 227.66 232.38 234.66 238.10 237.78 249.04 261.92 

40.0 228.3 237.4 238.0 236.7 236.9 246.6 261.0 268.6 261.0 266.3 268.9 271.7 277.2 
46.0 

279.7 283.9 
269.6 

283.6 296.7 300.1 
280.3 280.8 279.1 277.9 289.0 296.4 304.0 306.7 311.6 316.7 318.8 326.2 327.9 

SO.0 313.6 
332.9 332.4 347.7 

326.1 
361.6 

326.4 324.4 322.7 336.4 342.6 362.3 366.3 360.8 396.6 369.1 376.3 379.2 386.0 
66.0 390.4 

384.3 401.9 409.3 
374.7 374.8 372.4 370.2 384.6 392.7 403.6 406.8 413.0 418.3 422.2 

60.0 
430.3 433.4 440.1 

409.8 426.9 
439.3 469.3 

426.9 423.1 420.4 436.4 
4iJ4.1 

446.6 467.6 461.1 487.9 473.9 478.2 487.2 490.6 498.2 497.2 619.9 626.1 

66.0 481.8 479.9 479.6 476.4 473.1 491.0 601.1 614.3 618.2 626.7 632.3 637.0 647.0 
70.0 

660.6 669.1 
616.2 

668.0 663.0 689.0 
639.4 636.9 632.3 628.4 648.1 669.3 673.8 677.9 686.1 693.6 698.6 809.6 813.3 

1oo:o ZE 
832.6 

622.9 621.8 949.3 666.9 
667.1 666.1 961.6 646.2 670.0 883.4 700.4 706.1 714.9 723.6 729.7 742.6 

768.2 893.0 
746.9 768.6 766.9 

787.6 927.4 
790.4 798.2 

786.1 926.3 780.4 918.6 i73.6 910.1 801.6 942.7 617.4 961.0 837.1 983.4 842.4 989.4 863.8 954.1 871.0 886.1 890.9 904.9 902.8 942.4 961.6 
1002.6 1014.4 1022.3 1039.6 1044.9 1081.3 1068.8 1106.0 1116.6 

160.0 1693. 1767. 1761. 1738. 1719. 1778. iaii. 1849. 1868. 1881. 1902. 1916. 1946. 1963. 1979. 
2Do.o 2680. 2780. 2771. 

zi:x. 

1994. 2064. zo82. 
2716. 2807. 2867. 2913. 2926. 2969. 2992. 3012. 3067. 3068. 

260.0 3821. 
3116. 3108. 3213. 3267. 

-* 4071. 4148. 4162. 4268. 4282. 4342. 
300.0 6093. 

Ef* 4361. 4429. 4417. 4638. 4632. 

0713: 
6291. 6264: 

%:: ES. 
6423. 6623. 6636. 

2% 
6696. 6771. 6800. 

360.0 6478. 
6874. 8002. 6147. 

6741, 6699. mo7. 6801: 
6892. 

8834. 7020. 7032. 7111: 
f%: 

7233. 7324. 7366. 7481. 7468. 7697. 7794. 

400.0 gm: y&. 8294. 8247. 8132. 8361. 9469. 8823. 8633. 8730. 8846. 8876. 8967. 
460.0 

9039. 

11686: 
l%? 9886. 9746. 10012. 10137. 10318. 10327. 10442 

600.0 11164. 
10682 10618 10746 10809. 

11616. 11439. 
l:it;' 1;::; 1::!76' 

11743. 11686. 12096. 12103. 12238: 12403: 12443: 12688: 
1%:' 

12684. 12864: 12824: 13006: 13401: 

91 Atomic Data and Nudear Data TaMes. Vol. 46. No. 1, September 1990 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

6LECIROIIC STOPPIlG POWER II UIITS OF lW/(IlG/SQ CM 
98 

l-c 101s 
43 

R/A BE c ffi AL SI CA TI CR F6 a al GE SE SB rn no rtn 
4 8 12 13 14 20 22 24 28 28 29 32 34 38 40 42 46 4” 

.*..++....+L.............***~.*.*.*..**.*~~~.....*..~**.***.**.~~*...**.**.***.*.**.****..*..*.~****..~~**.*.**.**...*.****.....**** 
3:fI 62.92 79.91 74.8? 73.61 67.16 M1.71 64.68 64.20 66.28 66.00 49.90 60.00 43.07 43.31 41.43 41.08 39.83 40.17 39.38 38.80 38.38 36.96 34.18 34.78 32.44 33.11 31.46 32.16 31.07 31.79 30.87 29.92 

3.8 
4:s 

73.49 70.70 71.74 69.71 

28.81 27.79 28.87 27.90 

66.79 64.86 63.39 62.34 64.26 63.26 49.68 48.89 43.08 42.67 41.31 40.90 40.22 39.84 39.44 39.20 37.04 Jb.84 34.79 34.93 33.24 33.31 32.38 32.39 32.04 32.08 3O.97 32.99 2a.32 2a.64 29.02 289.09 
70.78 47.82 63.41 61.19 62.13 48.04 41.92 40.34 39.38 38.78 3a.47 34.48 32.S8 32.14 31.86 30.84 28.67 29.00 

it: 
1o:o 

:::: 

ii:8 
EX 8o:o 
EL: 
it8 

1oo:o 

160.0 

68.02 86.64 62.13 60.00 60.98 47.11 41.18 39.88 JB.78 3a.28 36.99 34.Cd 32.42 31.82 31.64 30.67 28.47 28.78 
96.47 a3.62 50.86 48.80 49.78 46.14 4O.39 38.97 3a.13 37.88 36.46 33.67 32.19 31.43 31.17 30.23 28.28 28.60 
83.10 41.69 49.80 47.a3 49.41 46.17 39.40 38.26 37.46 37.04 34.87 33.06 31.72 30.99 30.76 29.94 28.02 28.18 
40.90 69.76 18.39 48.48 47.47 44.21 38.80 37.61 3a.76 39.39 34.27 32.61 31.22 30.63 30.30 29.43 27.73 27.80 
68.86 68.00 47.22 46.30 48.37 43.27 38.02 3a.7B 3a.07 36.74 33.67 31.98 50.72 30.06 29.84 29.00 27.40 27.41 

66.14 

it::: 
Z:E 

46.03 
43.02 
41.18 
39.61 
37.97 

39.89 39.81 34.07 32.86 33.73 32.04 28.41 27.89 27.31 27.28 16.77 24.60 23.78 23.42 23.32 22.80 22.07 21.73 
32.49 33.82 29.22 28.12 Is.01 27.70 24.44 24.07 23.78 23.81 22.61 21.62 20.83 20.67 2O.61 20.09 19.67 19.19 
28.08 29.28 16.72 24.86 26.67 24.61 21.94 21.37 21.14 21.20 20.06 19.20 18.40 18.40 18.38 18.01 17.41 17.24 
24.84 29.06 23.06 22.28 22.96 12.07 19.49 19.29 19.10 IS.17 18.14 17.38 18.86 18.49 18.47 19.37 18.06 16.89 
22.36 23.64 20.96 20.27 200.88 2O.12 17.97 17.42 17.48 17.64 14.81 16.92 16.46 16.31 16.30 16.04 14.77 14.44 

18.83 
17.27 

:t:: 
14:31 

14.48 16.48 14.00 13.67 
13.74 14.71 13.32 r2.91 
12.60 13.41 12.18 11.81 
11.61 12.38 11.26 10.91 
10.89 11.62 10.4a 10.17 

8.073 
4.468 
6.934 
6.270 
4.868 

8.768 
7.324 

K% 
I:371 

7.998 7.783 

ES 
6:318 

xs 
6:163 

4.910 4.767 

4.646 6.030 4.699 
4.300 4.782 4.366 
4.104 4.647 4.140 

.*.*.+.1 I . . . . . .  

VA SI TE 
co Ia -- -_ 

::: 
ii.: 
7:o 

x.: 
1o:o 
11.0 
12.0 

16.0 

it:: 

ii:: 

ii:: 

tE.8 
8o:o 

160.0 

%:8 

E8:o" 

i%8 6eo:o 

27.16 

2: 
2::: 
26.22 

26.98 28.01 29.20 28.13 24.88 24.19 23.13 22.77 22.28 21.91 21.42 20.99 20.73 20.48 20.63 19.83 19.40 
26.76 26.79 26.97 26.93 24.89 24.04 23.02 22.88 21.10 21.84 21.66 20.96 20.89 20.44 20.49 19.69 19.38 
26.48 26.62 26.70 16.87 24.47 23.83 22.86 21.63 22.08 21.71 21.43 10.86 20.69 20.34 20.39 19.49 19.27 
26.17 26.21 26.39 16.38 24.21 23.69 22.46 22.34 11.89 21.64 21.27 10.70 20.48 20.20 20.26 19.38 19.14 
24.86 24.88 26.08 16.07 23.93 23.33 22.41 22.12 11.88 21.34 21.08 20.63 20.29 20.04 20.08 19.20 19.98 

24.17 24.21 24.38 24.41 23.33 22.74 21.90 21.83 21.12 20.90 20.86 2O.13 19.91 19.86 IS.70 18.83 18.81 
23.89 23.74 22.72 22.14 21.37 21.11 20.72 20.41 20.18 19.70 19.48 19.23 19.27 18.42 18.21 
23.01 13.07 22.10 21.67 20.82 20.69 20.22 19.92 19.70 19.24 19.04 18.79 18.83 18.00 17.8O 
22.38 22.43 21.60 21.00 20.29 20.07 19.71 19.43 19.23 18.78 18.69 18.36 18.39 17.68 17.38 
21.74 21.82 20.93 20.44 19.77 19.67 19.13 18.98 18.78 18.34 18.18 IT.91 17.96 17.18 18.98 

20.87 19.86 19.89 
17.68 17.81 
16.81 16.86 
14.41 14.46 
13.17 13.31 

%8 
II:.26 
10.83 
10 .os 

12.32 
11.62 
10.84 

‘“0% 

12.34 

20.04 20.14 IS.36 18.92 18.34 18.17 17.87 17.82 17.46 17.08 18.93 18.89 18.73 18.00 16.83 
17.76 17.87 17.19 14.63 18.36 18.22 16.W 16.78 16.82 16.31 16.19 14.97 16.01 14.38 14.21 
16.97 18.10 16.61 16.19 14.79 14.88 14.48 IQ.28 14.18 13.89 13.79 13.69 13.42 13.04 12.91 
14.68 14.88 14.16 13.87 13.62 13.43 13.24 13.08 12.97 12.74 12.88 12.47 12.60 11.97 11.86 
13.41 13.63 13.06 12.80 12.49 12.41 12.24 12.10 Il.00 11.79 11.72 11.64 11.67 11.09 10.98 

12.48 12.68 12.14 11.91 11.43 11.66 11.40 11.27 11.18 10.99 10.93 10.77 10.79 11.86 11.77 11.38 11.16 10.69 10.63 10.49 I;.;': IOg.;: 

10.98 11.07 10.70 
lOg.fX log.;; '",A; 

l"9.g 9:1s s:os 

s:43 

'"927 

ii23 

log.;; 

e:is 
8.88 8.80 
8.18 8.19 

8.348 9.474 9.169 8.993 8.806 8.781 8.866 8.669 8.499 8.348 6.334 8.203 8.216 7.889 7.816 
8.066 9.068 8.769 8.801 8.424 0.383 8.283 8.192 8.136 8.010 7.981 7.866 7.878 7.666 7.488 
8.249 8.347 8.074 7.831 7.773 7.737 7.847 7.683 1.612 7.399 7.374 7.267 7.277 8.993 8.921 
7.867 7.782 7.610 7.379 7.236 7.203 7.121 7.044 9.997 8.893 4.872 4.783 9.782 4.608 8.462 
7.180 7.171 7.038 8.916 a.783 8.764 8.479 8.07 0.604 4.488 8.449 8.347 8.346 8.109 8.068 

6.712 6.608 6.629 6.674 6.861 6.473 6.383 6.290 6.270 6.216 6.140 6.129 6.069 6.046 4.988 4.981 4.792 4.742 
4.433 4.833 4.871 4.739 4.681 4.618 4.446 4.430 4.387 4.34i 4.316 4.269 4.247 4.102 4.196 4.140 4.008 
4.097 4.062 4.086 4.148 4.030 3.900 3.920 3.922 3.878 3.811 3.816 3.772 3.744 3.886 3.898 3.872 3.666 
3.716 3.684 3.087 3.762 3.887 3.630 3.688 3.670 3.631 3.490 3.474 3.438 3.412 3.368 3.389 3.346 3.241 
3.461 3.416 3.424 3.478 3.399 3.386 3.309 3.311 3.176 3.228 3.222 3,188 3.188 3.117 3.127 3.104 3.009 

3.364 3.241 3.208 3.210 3.298 3.194 3.142 3.110 3.113 3.079 3.036 3.030 2.999 2.978 2.932 2.941 2.919 2.831 
3.186 3.077 3.018 3.060 3.103 3.033 3.003 2.964 2.967 2.926 2.884 2.878 2.849 2.8x) 2.788 2.796 2.773 2.891 
3.047 2.944 2.916 2.926 2.970 2.901 2.874 2.828 2.831 2.800 2.701 2.764 2.729 2.711 2.889 2.877 2.466 2.678 

tzi 
41029 

44.29 41.47 38.60 36.37 34.72 34.48 32.49 30.87 29.70 29.09 2a.90 28.12 28.71 26.82 
42.37 39.79 36.08 34.03 33.44 33.24 31.34 29.81 2a.71 28.16 27.98 27.26 26.99 26.83 
40.41 58.23 33.76 32.78 32.23 32.08 30.28 24.81 27.78 27.26 27.10 2a.41 26.27 26.00 
39.00 28.80 32.62 31.81 31.11 30.99 29.24 27.88 28.87 29.39 29.26 16.41 14.68 24.33 
37.62 36.47 31.37 30.63 30.08 29.@7 29.29 28.88 29.02 26.68 26.46 24.64 23.91 23.82 

19.20 18.64 18.67 18.24 18.12 18.21 16.36 14.72 14.29 14.18 14.17 13.94 13.71 13.40 
17.81 17.22 16.41 16.12 16.00 16.09 14.29 13.72 13.32 13.23 13.22 13.02 12.82 12.62 
18.83 14.10 14.42 14.18 14.06 14.14 13.40 lZ.Bd 12.49 12.41 12.42 12.23 12.06 11.77 
16.93 16.16 13.67 13.33 13.24 13.32 12.83 12.13 11.78 Xi.71 11.72 11.64 11.38 11.12 
14.78 14.31 12.83 12.81 12.62 12.81 11.96 11.48 11.16 11.10 11.10 10.96 10.80 10.66 

13.99 13.69 12.18 11.98 11.90 11.63 11.38 10.92 10.81 10.68 10.67 10.42 10.29 10.06 

13.32 12.94 11.41 11.41 11.36 11.43 '"9~3; '"9.;; 10.12 1;:; I;.;; 9.96 "9% "BG 12.18 11.86 10.84 10.47 10.41 '"9.X 9.29 9.16 
11.28 10.98 Ei E 9.84 :2: 8187 8.82 8: 69 8180 ;-2 pe" 8: 22 
10.49 10.22 . . 9.06 9:oa 8.29 8.06 8.03 8.04 . . 7.89 

8.008 7.828 7.043 8.943 8.918 8.988 8.432 8.398 8.207 8.200 8.213 4.149 4.074 6.988 
4.843 4.642 6.882 6.778 6.797 6.888 6.681 6.477 6.297 6.188 6.209 6.140 6.194 6.011 
6.828 6.767 6.179 6.031 6.109 6.172 4.904 4.829 4.471 4.679 4.699 4.623 4.687 4.431 
6.274 6.216 4.493 4.618 4.432 4.891 4.449 4.380 4.237 4.167 4.178 4.108 4.146 4.027 
4.871 4.818 4.337 4.179 4.183 4.338 4.118 4.060 3.9iS 3.848 3.868 3.804 3.868 3.730 

4.684 4.616 4.O98 3.922 4.018 4.070 3.882 3.798 3.478 3.811 3.829 3.672 3.820 3.603 
4.323 4.277 3.862 3.720 3.807 3.869 3.882 3.800 3.486 3.428 3.442 3.389 3.434 3.324 
4.130 4.087 J.-l 3.668 3.839 3.889 3.602 3.441 3.331 3.278 3.293 3.242 3.286 3.180 

. . . . . . ..~........~~~.......~....~..~..~.......~.....~.......~.~................~........~........ ..*++** 
BA LA PR 

68 67 69 
. . . . ..LII..I...L..... 

24.96 26.13 24.90 
26.72 26.90 26.72 
28.09 16.28 2a.13 
28.11 28.40 29.28 
28.17 2a.36 28.28 

SM GO BO In LU TA IL8 IR AU PB BI m 
82 84 47 89 71 73 76 77 79 82 83 so 92" 

*..~.*~.*.*...+.*l.***.**~.*****.*.*~.***~**...~**.*.*~***.*.*.*.***...*~.****..**.****.*~ 
23.48 22.76 21.49 21.02 20.47 20.08 19.76 19.03 18.79 18.68 18.83 17.88 17.86 
24.31 23.69 21.38 21.91 21.37 20.97 20.86 19.94 19.49 19.47 19.61 18.49 18.47 
24.76 14.04 22.86 22.43 21.89 21.60 21.18 20.49 20.23 20.00 20.06 19.19 18.88 
24.94 24.24 13.09 22.89 22.17 21.78 21.47 20.81 10.64 2O.30 20.36 19.47 19.24 
14.98 24.27 23.17 22.79 22.28 21.90 21.60 20.98 20.89 20.46 2O.49 19.80 19.37 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

98 
RAIGB II UIITS OF m;/SQ a TC IOJS 

43 

WA BE 
l 12 

IG AL SI CA TI CFI FE II al GE SS SR m HO BE 
4 13 14 20 22 24 26 20 29 32 34 38 40 42 46 4;G 

**....*..~..+..+*.*.....*****....*.**~.*..***.**.**.**...*~**~~.**.*.**.****.*~*..~**********~****.**.*~***~*.*.**~.******.~.**.~... 

::; 
6.220 6.010 7.071 7.060 4.920 4.246 4.930 9.412 9.770 10.140 10.340 11.070 11.440 il.948 12.160 $2.364 12.731 13.060 
6.422 6.471 7.931 7.960 7.808 9.226 10.0(13 10.694 10.992 11.392 11.496 12.449 12.933 13.447 13.7ob 

1:: 
6.447 4.346 4.802 4.841 4.704 10.208 11.197 11.782 12.209 12.834 13.018 13.494 14.407 16.004 16.240 t 

3.971 14.623 14.790 
6.660 14.244 16.447 

7.099 7.034 9.489 9.747 9.414 11.203 12.340 12.973 13.432 13.840 14.344 16.299 16.479 14.614 14.744 17.141 17.990 14.172 
4.6 7.774 7.762 10.694 10.734 10.644 12.214 13.600 14.179 14.444 16.136 16.440 14.714 17.364 14.036 18.301 14.726 19.706 19.468 

6.0 8.484 4.444 11.624 11.702 11.494 13.244 14.479 16.4oQ 16.921 14.404 17.032 14.143 14.462 19.647 19.847 20.321 21.422 21.664 
6.6 9.214 9.247 12.474 12.494 12.449 14.296 16.441 14.449 17.194 17.499 14.404 19.692 x).344 21.114 21.409 21.932 23.149 23.246 

9.941 10 031 13 462 13.711 13.446 16.344 17.104 17.919 14.492 19.010 19.794 21.043 21.497 22.486 22.992 $3.684 24.449 24.994 
:': 10 771 10'439 14'462 14 762 14 446 14.446 14 364 19 212 19 813 20 346 21 216 22 664 23 464 24 279 24 697 26 217 24 047 24 746 
7:0 11:690 ii:471 16:477 16:419 lb:630 17.686 la:432 20:631 2l:169 21:704 22:467 241078 26:034 26:897 281227 241884 28:426 24:620 

t,: 
13.31 13.41 17.40 14.03 17.49 19.90 22.24 23.26 23.93 24.60 26.42 27.20 28.28 29.21 2a.64 30.33 32.06 32.16 

1o:o 
16.14 16.26 19.43 20.36 19.94 22.31 26.00 20.07 24.81 27.39 28.49 x).43 31.44 32.64 33.01 33.87 36.77 36.49 
17.04 17.18 22.14 22.77 22.32 24.83 27.46 29.01 29.79 30.39 31.47 33.77 36.11 JO.17 30.67 37.62 39.69 39.74 

11.0 19.13 19.22 24.69 26.19 24.78 27.44 30.81 32.06 32.49 33.60 36.17 37.23 39.70 39.43 40.24 41.29 43.62 43.71 
12.0 21.29 21.36 27.12 27.92 27.34 x).16 33.88 36.21 34.09 56.72 39.64 40.41 42.40 43.40 44.04 46.14 47.67 47.79 

16.0 28.39 28.31 36.31 36.41 36.42 38.49 43.74 46.33 46.34 47.01 49.48 62.24 64.24 66.43 64.11 67.64 80.37 80.74 
20.0 42.24 41.74 60.89 62.64 61.34 66.39 42.32 64.37 46.46 44.29 49.88 73.69 74.31 74.01 78.67 80.49 84.00 44.83 
26.0 68.61 67.42 68.81 71.11 49.37 74.23 83.49 88.02 87.64 98.16 92.98 FT.74 101.26 103.26 103.47 104.29 110.44 111.81 
30.0 77.11 76.21 88.97 91.97 89.43 96.33 107.16 110.19 111.97 112.49 118.71 124.40 128.97 131.24 131.92 134.47 139.43 141.46 
36.0 97.94 96.03 111.30 116.04 112.06 118.42 133.24 134.40 134.93 139.26 144.98 164.09 169.37 141.94 142.44 144.14 171.44 174.23 

ZKi 
120.9 114.8 136.7 140.3 134.6 144.0 141.7 146.8 148.1 144.3 177.7 144.1 192.4 196.2 196.9 200.0 206.9 209.6 

60:0 
144.0 140.6 162.2 147.4 143.1 171.6 192.4 197.1 199.4 199.7 210.8 220.4 227.9 231.0 231.4 234.4 242.9 247.4 
173.1 144.1 190.4 197.0 191.4 200.9 226.3 230.4 233.4 233.3 244.2 267.6 244.0 249.3 270.0 276.3 292.4 247.7 

66.0 202.2 193.4 221.0 228.4 222.0 232.3 240.3 244.2 249.3 249.0 283.9 296.8 30'3.4 310.0 310.7 314.6 324.2 330.4 
40.0 233.2 222.6 263.3 241.7 264.2 246.4 297.6 304.1 307.4 308.8 323.9 338.3 349.2 363.0 363.7 340.1 369.4 376.9 

E.8 
264.2 263.3 287.4 294.9 288.4 300.8 334.7 343.9 347.6 344.7 346.9 382.1 394.2 394.3 398.9 404.0 414.9 423.6 

so:0 
300.9 286.8 323.2 333.9 324.3 337.7 377.9 386.9 3B9.7 384.6 410.1 426.0 441.6 446.8 444.4 464.2 463.7 473.4 
376.8 366.4 400.3 413.4 401.3 417.0 466.2 476.4 480.0 478.1 604.4 624.3 642.7 647.3 647.9 667.0 647.4 679.4 

1o"o:: 
467.4 431.7 484.1 4W.8 486.1 603.0 642.1 673.0 679.0 676.3 607.0 432.4 462.3 467.3 467.7 064.2 680.4 494.9 
644.0 613.9 674.4 693.0 676.3 696.7 986.2 477.8 6S3.3 479.7 717.1 747.3 770.1 776.4 Tf6.6 747.6 801.1 919.3 

160.0 1041. 
:z:. ::z 

:;S;. 1117. 1160. 1292. 1304. 1312. 
i% 

1373. 1429. 1471. 1478. 1477. 1619. 1660. 
200.0 1764. 

2341: 2674: 
1793. 1840. 2049. 

260.0 2643. 3;:: 2684. 2442. #. 2994. 
2082. ;cg. 

2944: ::sx: 
2348. 2344. %R. 2391. 2462. 
3367. 3349. 3396: 3394. 3496. 

300.0 3429. 3144. 3466. 3470. 3638. 
4664: 4439. 4617. 6024: 

4024. 4006: 3943. 4179. 4482. 4470. 4634. 4622. 4668. 
360.0 4399. 4021. 4416. 6166. 6110. 6061. 6324. 6709. 6491. 6776. 6744. 6924. 

400.0 6443. 4906. 6448. 6621. 6479. 6649. 4192. 4347. 4290. 4219. 4664. 7001. 7104. 
460.0 4662. 6908. 

Et:. %. 
4693. 6986. 7431. 7961. 7644. 7464. 7840. 

6636;. 4916. 7026. 
4246. 9420. 4384. 

7040. y: 
4614. 8468. 

600.0 7719. 7021. . . 7744. 7869. 8733. 8999. 8841. 9764. 9230. 9416: 9724. 9943. 9946. 9994. 9911. 10224. 

. ..**.**.**..*.+**..*..**....***~....**~.*..*.**...*..*.~.*~***~.*...~*.~*.*.....**.*.***.***.*.*******~*.**~***.*........~...**...~ 
S/A SI TE B.I LA PR SH CD 80 RI LU TA It.6 I.6 AU Pg BI l7.l 

60 62 64 67 69 42 44 47 49 71 73 76 77 79 82 83 90 92" 
.*..1+1*.*".*..+.***~...*.***~*.~.**.*.*.**...~..*~**~*....**~****.*.***..~*.~*.~*.~..*~~..*.*.***..**~...*...*.**..*.**.~..~.**.*. 

E 
13.71 14.23 16.37 16.47 14.24 17.10 17.41 14.24 14.46 19.02 19.41 19.82 20.23 20.40 21.09 21.27 22.91 23.30 
16.64 14.14 17.30 17.69 18.19 19.16 19.72 20.49 20.93 21.36 21.79 22.24 22.74 23.14 23.44 23.83 26.49 24.01 

2: 
17.34 18.06 19.19 19.44 20.06 21.16 21.78 22.44 23.13 23.43 24.10 24.64 26.14 26.40 26.14 26.31 29.07 29.42 
19.14 19.93 21.07 21.32 21.96 23.12 23.81 24.79 26.30 26.86 24.34 24.88 27.63 28.00 28.67 29.73 30.40 31.19 

4.6 20.96 21.90 22.94 23.14 23.82 26.08 26.82 24.91 27.44 29.06 29.40 29.16 29.97 30.37 30.97 31.13 33.11 33.72 

:?I 
33.96 

1o:o @% 

:::: 
46114 
6o.44 

13.48 24.81 
26.69 24.71 
27.49 24.42 
29.42 30.66 
31.38 32.60 

36.38 38.60 

3x 
4a:oe 

2X 
49:14 

62.67 63.44 

(16.80 
93.04 

122.62 
166.02 
190.49 

26.49 27.06 
27.67 29.02 
29.47 31.02 
g.g g,g 

27.86 29.02 29.41 x).26 30.84 31.42 32.21 32.74 33.37 33.62 36.41 36.26 
29.84 31.16 31.76 32.46 33.08 33.49 34.66 36.10 36.74 36.91 39.11 39.70 
31.92 33.28 33.93 34.47 36.33 36.97 34.89 37.49 34.14 38.30 40.41 41.31 
33.99 36.44 36.12 34.90 37.69 39.24 39.26 39.84 40.68 40.71 43.14 43.67 
34.08 37.41 38.32 39.16 39.44 40.69 41.42 42.27 43.02 43.14 46.49 48.44 

37.29 39.21 40.33 42.03 42.60 
41.34 43.47 44.70 48.64 47.38 
46.66 47.84 49.18 61.21 62.08 
49.64 62.34 63.79 66.98 64.91 
64.29 64.94 68.61 SO.87 41.86 

47.96 

E*E 
83143 
88.84 

49.07 
63.10 
69.24 

ZX 

61.46 
64.37 
42.41 

E:; 

80.30 41.44 83.46 84.63 
109.76 111.14 113.79 116.13 
142.46 144.14 147.43 149.03 
its.34 180.36 184.30 184.16 
217.34 219.46 224.32 224.41 

96.48 

::x~ 
188174 
229.64 

90.39 91.63 
122.76 124.36 
168.41 140.68 
197.97 200.23 
240.44 243.23 

266.8 269.3 242.0 247.4 249.7 273.9 273.4 284.2 
XM.2 304.3 307.3 313.4 314.0 320.4 320.3 336.2 
347.6 362.1 366.4 362.4 366.2 370.9 370.2 387.2 
397.6 402.4 4o6.4 414.2 417.2 423.4 422.9 442.1 
460.2 466.9 440.1 468.7 472.0 479.3 478.4 600.0 

299.6 
338.9 
391.4 
444.8 
606.2 

614.4 624.0 629.6 
676.3 686.9 689.4 
700.8 713.3 717.4 
834.1 860.4 866.2 
980.8 997.6 1002.6 

m 
72017 
864.7 

1018.3 

634.4 
697.6 
727.1 
884.7 

1014 .o 

640.7 

%i 
9os:e 

1040.3 

644.6 
630.4 
744.9 
913.4 

1070.6 

1936. 

2882. ;;I%:. 

1894. 1977. 

4096. 4162: 2g74. :i::: 2%:: 
6444. 6614. 6737. 
4911. 4999. 7149. 7127. 7260. 

1996. 
3127. 
4429. 
6874. 
7447. 

4696. 9936. 4771. 8744. 8890. 9128. 
10243. 10324. 10487. 10466. 10414. 10906. 
12021. 12094. 12286. 12247. 12426. 12747. 

43.72 

tit:: 

ES 

44.62 
49.24 
64.12 
69.10 
64.21 

Et:: 
64:9a 
SO.02 
46.14 

16.0 44.11 
20.0 89.37 
26.0 117.47 
g.," g.2 

47.64 47.78 68.32 71.68 73.47 f4.32 77.46 79.99 
94.08 93.82 a4.21 98.60 100.99 104.47 104.06 108.06 

123.46 122.97 123.16 128.64 131.49 134.23 137.46 140.34 
166.84 166.14 166.04 141.47 146.49 170.92 172.79 176.79 
191.22 190.23 189.84 197.74 x)2.30 208.44 210.78 214.31 

224.2 227.6 234.7 242.0 249.4 261.7 

E:! 
Z7.8 278.4 284.4 292.9 296.4 
310.7 322.9 329.9 339.3 342.2 

Z:X 
g9.3 Z8.i 377.9 388.4 391.4 

428.4 440.2 443.4 

Ml.2 441.0 467.9 464.9 472.0 481.8 4a4.6 494.2 
616.4 614.9 611.6 607.7 624.7 637.6 661.4 666.4 
430.9 430.0 426.4 420.4 643.4 464.3 472.7 677.2 
766.7 764.3 149.0 742.4 749.4 744.6 903.6 908.4 
889.6 887.4 881.1 873.0 W4.3 921.8 943.6 949.2 

1082. 1477. lt344. 1734. 
2440. 2461. 
3&y. 3737;. z? ~~9~ 

g. yc&. 

. 3944: 3979: 

8414: 9441: 4400. 6022: 63.13: lx: E: z: 3:;: 

1922. 
2943. 
4071. 
6418. 
0882. 

7981. 7923. 7878. 7748. 7987. 
9434. BI92. 9441. 9304. 9642. 

llob3. 11137. 11081. 10923. 11214. 

4030;. 8232;. 8247. 

11361: 11662: 1%;: 

8481. 

Ki: 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

IO2 
EL.ccTROlIC SIOPPIIG WUER IJ WITS OF mJ/tac/sp ai) au 101s 

44 

WA sz 
EC 12 

)I; AL SI CA n cn FE II a GE SE SR 7a NO ra 
4 13 14 20 22 24 28 26 29 32 34 38 40 42 46 4;” 

~*..1*..***.+....*~+..**..****~***....~~~..~.~~*****.*~*......***.***~*.***.*~.~.*****...**.***~**~*.~...~*.***.*..**...*.*.**...... 

::t 

;:i 

6.0 

::: 

t:: 

t.: 
io:o 

:::: 

16.0 

ii:8 

Zi:: 

z:: 

Ed: 
Bo:o 

86.0 
70.0 

%8 
1oo:o 

160.0 
200.0 
260.0 

%:Z 

ici*t 
soo:o 

86.69 70.71 66.80 LO.12 6B.84 61.29 44.24 42.21 40.92 39.84 37.37 36.09 33.32 32.30 31.91 30.72 27.62 28.84 
82.67 76.64 SB.39 66.80 64.41 61.44 44.66 42.41 41.41 40.49 37.99 36.76 34.03 33.04 32.68 31.62 28.66 29.44 
To.38 73.91 67.49 66.00 66.88 61.06 44.34 42.61 41.39 40.68 38.11 36.93 34.27 33.32 32.97 31.96 29.12 29.84 
76.26 71.69 56.36 63.94 64.89 60.34 43.86 42.12 41.07 40.38 37.93 36.81 34.21 33.30 32.98 31.89 29.37 29.94 
73.27 BS.79 66.10 62.80 63.74 49.61 43.10 41.67 40.67 39.96 37.67 36.61 33.97 33.10 32.80 31.76 29.42 29.86 

70.47 47.49 63.80 61.69 62.68 48.68 42.46 40.91 38.98 39.43 37.10 36.10 33.82 32.79 32.60 31.49 29.33 29.86 
47.66 B6.46 62.61 60.38 61.38 47.41 41.47 40.20 38.32 38.84 30.66 34.62 33.19 32.40 32.13 31.10 29.14 29.37 
66.42 B3.68 61.24 49.19 60.20 4B.42 40.87 39.47 38.64 38.21 36.97 34.10 32.71 3I.SB 31.71 30.77 28.89 29.04 
B3.19 41.81 60.01 18.03 49.04 46.06 40.08 38.73 37.94 37.64 36.37 33.66 32.22 31.60 31.24 30.34 28.40 28.67 
61.06 00.03 4B.82 48.90 47.92 44.70 39.26 37.99 37.24 34.90 34.77 33.00 31.71 31.02 30.79 29.93 28.28 28.29 

67.20 LB.74 46.68 44.76 46.80 42.86 37.72 38.66 36.88 36.81 33.68 31.89 30.66 30.06 29.86 29.04 27.68 27.49 
63.94 63.82 44.62 41.84 43.84 41.16 3B.27 36.19 34.67 34.36 32.40 30.82 29.06 29.09 28.92 28.16 24.86 2B.89 
61.02 61.19 42.46 41.06 42.04 39.64 34.92 33.91 33.36 33.18 31.30 2S.79 26.71 28.17 28.02 27.30 28.13 26.91 
4B.43 4B.82 40.93 39.42 40.39 36.10 33.64 32.72 32.20 32.07 30.24 28.82 27.80 27.3O 27.14 X.49 26.42 26.IB 
W.12 44.49 39.34 37.92 38.88 3B.74 31.49 31.41 31.12 31.03 29.29 27.91 2B.93 2B.47 26.34 26.71 24.74 24.44 

40.47 41.38 36.34 34.08 34.99 33.22 19.46 28.7I 28.31 28.28 lb.71 26.60 24.64 24.26 24.17 23.62 22.06 22.61 
33.84 34.97 30.34 29.31 30.13 26.77 26.68 24.99 24.49 14.71 23.34 22.34 21.62 21.34 21.26 200.84 2O.30 19.91 
29.27 30.44 26.74 26.84 24.69 26.48 21.70 22.21 21.97 22.03 20.84 19.96 19.32 19.11 19.07 16.71 16.29 17.91 
26.90 27.13 23.99 23.19 23.88 22.SB 20.48 20.06 19.64 19.84 16.87 18.08 17.62 17.36 17.33 17.02 14.48 16.31 
23.32 24.64 21.82 21.10 21.74 20.96 IB.71 18.34 18.17 16.26 17.28, 14.67 14.07 16.93 16.92 16.66 16.37 16.02 

21.27 22.44 20.04 IS.41 10.00 19.31 17.28 16.93 16.79 14.88 16.98 16.33 14.88 14.76 14.76 14.61 14.28 13.96 
19.69 20.76 18.40 18.01 18.66 17.94 16.06 16.74 16.43 16.72 14.89 14.29 13.87 13.78 13.78 13.66 13.36 13.04 
16.20 19.33 17.37 16.82 17.34 16.79 16.03 14.74 14.46 14.74 13.94 13.41 13.02 12.94 12.94 12.74 12.64 12.26 
17.02 18.12 14.32 16.81 14.30 16.79 14.16 13.90 13.60 13.89 13.17 12.44 I2.28 12.21 I2.21 12.03 II.87 11.69 
14.01 17.07 16.41 14.93 16.40 14.93 13.36 13.16 13.08 13.16 12.47 11.98 II.43 II.67 Il.68 11.42 II.24 11.00 

16.13 14.14 14.81 14.14 14.01 14.18 12.71 I2.60 12.42 12.61 11.86 11.39 11.06 11.01 11.02 IO.07 IO.73 IO.40 
14.34 16.34 13.91 I3.48 13.91 13.61 12.12 11.91 Il.84 II.93 II.31 
13.07 14.02 12.72 12.33 12.72 12.37 Il.11 IO.93 10.84 IO.96 '"9.;; 

'"9.2 

9: 24 

'"9:;: 'CU.+ lU& '"9:X%& '"9:Ui '",A; 

12.03 12.93 11.76 11.40 II.74 II.46 10.16 9.00 8.97 6.98 8.87 8.77 11.17 12.04 IO.96 10.42 10.94 10.46 I",.;; . I;.:; . '"9.:; . 9.48 9:oo 6.46 8.41 8.39 8.40 a.30 8.20 t% . 

8.444 9.168 6.346 8.118 8.374 8.183 7,366 7.260 7.231 7.307 6.936 6.677 6.490 4.482 6.496 6.429 6.363 6.239 
4.987 7.661 4.SS6 6.776 4.949 4.844 4.164 6.044 6.086 4.137 6.818 6.730 6.641 6.427 6.449 6.377 6.433 6.242 
4.104 4.731 0.160 6.969 4.097 4.026 6,420 6.244 6.346 6.412 6.132 6.063 4.888 4.792 4.812 4.732 4.800 4.436 
6.614 6.090 6.644 6.393 6.620 6.468 4.911 4.728 4.648 4.909 4.467 4.683 4.436 4.361 4.371 4.299 4.369 4.216 
6.096 6.411 6.139 4.979 6.098 6.043 4.640 4.376 4.483 4.641 4.308 4.239 4.102 4.027 4.044 3.982 4.036 3.904 

4.768 6.244 4.616 4.464 4.777 4.726 4.268 4.106 4.204 4.280 4.043 3.974 3.848 3.780 3.799 3.739 3.789 3.667 
4.502 4.904 4.660 4.417 4.626 4.478 4.033 3.894 3.966 4.039 3.834 3.749 3.649 3.686 3.404 3.647 3.696 3.480 
4.294 4.769 4.366 4.218 4.323 4.278 3.864 3.726 3.610 3.642 3.686 3.602 3.488 3.430 3.447 3.394 3.439 3.330 

I....*...**..*.**.I....*.~*.~..***.*..***.~~****.*~*.*~*~..*..**..~~**.*~..~.**,..**....**.**~*.....**.**~*.*.**.*.~..*.~***.*..***. 

E/A 91 TE BA LA PR sn Go ii0 In LU TA SK IR AU PB 61 ‘IB 
60 62 64 67 69 62 04 47 69 71 73 76 n 79 82 a3 90 92” 

..~*.....*.....*..*..*...*.****.....***.~.........**......**.***.********.**..*.*.*.*.**..~.**~..*.****~.~*..****~....*.~.*~**~.**** 
2.6 26.80 26.66 26.61 26.79 26.66 24.10 23.36 22.06 21.68 21.01 20.41 20.27 19.63 19.29 19.07 19.12 18.33 18.11 

27.;43 24.38 24.42 24.41 24.42 24.98 24.23 22.97 22.61 21.96 21.64 21.21 20.48 20.22 19.99 20.04 19.19 18.97 
26.04 28.78 2B.83 27.02 26.84 26.46 24.71 23.49 23.06 22.60 22.10 21.77 21.07 20.79 20.64 20.61 19.72 19.49 
28.17 26.93 24.97 27.16 27.04 26.68 24.93 23.76 23.34 22.80 22.41 22.09 21.40 21.13 20.88 20.93 20.02 19.79 
28.12 26.90 lb.94 27.13 27.03 26.49 24.98 23.86 23.44 22.93 22.64 22.23 21.67 21.29 21.04 21.09 20.17 IS.94 

3.0 

27.96 26.74 24.79 IO.98 24.91 26.61 24.91 23.82 23.46 22.94 22.66 
27.72 26.64 24.67 29.74 14.71 26.44 24.77 23.72 23.34 22.87 22.60 
27.43 26.27 2B.30 16.49 26.46 26.22 24.67 23.66 23.22 22.74 22.37 
27.11 26.94 26.00 2U.IB 2B.17 24.97 24.33 23.36 23.03 22.64 22.21 
26.74 26.64 26.68 26.84 26.84 24.49 24.06 23.12 22.81 22.34 22.01 21.74 

21.61 21.34 
21.68 21.31 
21.48 21.22 
21.36 21.09 
21 .I6 20.93 

19.98 
19.94 
19.86 
19.73 
19.67 

29.04 24.96 24.99 26.17 26.20 24.09 23.49 22.61 22.33 
26.30 24.16 24.30 24.47 24.62 23.4B 21.89 22.07 21.81 
24.68 23.68 23.62 23.79 23.86 22.84 22.30 21.62 21.28 
23.88 22.92 22.94 23.12 23.20 22.23 21.71 20.98 20.76 
23.22 22.29 22.33 22.49 22.67 21.46 21.16 20.46 20.24 

21.90 
21.40 
20.89 

:::ii 

21.31 

5% 
19: 88 
19.40 

:Xi 
:i?:: 
18.97 

::.:I: 
IS:67 
19.22 
18.78 

21.14 
21.10 

‘21.01 
20.88 
20.71 

2Q.H 
20.18 

:f% 
IS:80 

%:Z 
IS.46 
19.01 
18.67 

19.43 19.21 
19.02 18.81 
18.40 18.39 
16.17 17.97 
17.76 17.66 

21.41 20.67 20.41 20.74 20.84 20.04 19.69 18.99 16.81 18.60 18.26 
18.97 18.24 16.28 16.41 18.63 IT.03 17.46 16.88 14.62 14.64 16.36 
17.08 10.42 14.47 14.69 16.72 16.10 16.77 16.36 16.24 16.02 14.03 
16.67 Il.98 16.02 16.14 16.26 14.72 IQ.42 14.08 13.94 13.74 13.60 
Il.34 13.80 13.86 13.96 14.08 13.68 13.31 12.99 12.91 12.73 Il.68 

13.32 12.83 Il.67 12.97 13.09 12.64 12.39 12.10 12.03 Il.87 
12.44 12.00 12.04 12.13 12.26 11.83 11.41 II.34 II.28 11.13 
Il.72 II.29 11.33 II.42 II.64 II.14 10.93 IO.49 10.63 11.08 10.47 10.71 10.80 10.91 IO.64 10.07 I;E 

10.62 IO.14 10.17 10.26 10.36 10.02 

'"9.X; 

. 

1"g.i; 

. 9.613 9: 44 

10.03 9.44 9.88 9.66 X*% 9. Ia 2: 8.79 x4: E3 

81IO 

8.43 9. I4 a:26 
8. II 6:Ot 7:BS 

;‘-Bd . 
7.70 7.66 7.62 7.36 

7.69 7.22 7.08 7.06 4.90 

6.972 6.767 6.781 6.826 6.908 6.722 6.627 6.630 6.609 6.462 6.396 
6.010 4.844 4.848 4.686 4.967 4.003 4.724 4.660 4.B34 4.689 4.641 
4.439 4.267 4.240 4.276 4.340 4.217 4.176 4.102 4.104 4.068 3.998 
4.034 3.698 3.854 3.BBS 3.927 3.837 3.799 3.734 3.737 3.496 3.641 
3.739 3.412 3.674 3.664 3.B40 3.K68 3.622 3.463 3.4BB 3.428 3.379 

:t% 
14:70 
13.48 
12.48 

17.69 17.63 
16.88 16.76 
14.43 14.32 
13.24 13.16 
12.24 12.19 

:;i::: 
14.11 
12.96 
12.01 

17.32 16.67 
16.66 14.89 
14.14 13.64 
12.99 12.44 
12.03 11.63 

:t.PI: 
13:40 
12.32 
II.42 

40.0 

EG 

is-“0 
1oo:o 

160.0 

x 
10:30 

9.74 
9.28 

:A::: 
9.93 
9.41 
8.96 

:ts 
9:96 
9.44 
8.98 

10.76 10.66 
10.11 10.01 

9.64 9.46 
9.06 a.97 
6.61 8.63 

8.86 
6.49 
7.84 
7.30 
6.96 

l2.E 
7172 

XG 
7: 70 

7.20 7.17 
6.76 6.74 

8.68 8.23 
8.21 7.88 
7.69 7.29 
7.08 6.79 
6.66 6.38 

8.16 
7.61 

2:: 
6:32 

6.342 

:%: 
3:636 
3.373 

6.288 6.274 
4.466 4.442 
3.947 3.918 
3.694 3.670 
3.337 3.314 

6.192 

3% 
3:614 
3.242 

3:649 pi02 ;.93; 31842 
3.624 3.600 
3.273 3.246 

4.967 

:%z 
3:391 
3.149 

EE 
600:0 

3.613 3.393 3.358 3.370 3.421 3.344 3.310 3.266 3.268 3.223 3.177 
3.334 3.221 3.189 3.199 3.248 3.176 3.I43 3.092 3.096 3.042 
3.190 3,062 3.062 3.082 3.109 3.040 3.009 2.960 2.963 2.931 ;.gWF . 

3.171 

::% 

3.139 3.117 
2.983 2.942 
2.867 2.838 

Ez 
21794 

E% 
2.699 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

UliGfi II UXITS OF HC/Sq Q( 
102 

RU 101s 
44 

E/A BE 
ac 12 

ffi AL SI CA l-1 CR FE III al GE SE SR at Ho RR 
4 13 14 20 22 24 26 28 29 32 34 36 40 42 46 4fG 

***+*L***C***+*+**,**~*.***************************~******************************************************.~**~~..*****~********~*** 
::: 6.330 6.936 5.110 6.779 7.210 6.079 7.190 6.101 7.0%0 7.968 6.414 9.408 10.267 9.110 10.799 9.698 11.197 9.980 10.340 11.608 10.670 11.922 11.290 12.728 13.182 11.670 12.187 13.746 13.967 12.390 12.699 14.236 12.981 13,320 

14,797 16.073 
3:: 6.666 7.222 6.461 7.160 8.969 9.866 9.021 9.967 8.664 9.766 10.401 11.408 11.404 12.660 13.201 11.996 12.428 13.086 14.124 12.666 14.601 13.261 14.149 16.670 14.674 16.163 16.282 16.619 17.086 16.843 16.664 16.791 

16.812 17.443 18.306 18.496 
4.5 7.904 7.680 10.770 10.912 10.724 12.427 13.731 14.419 14.914 16.394 16.962 17.000 17.868 18.347 18.616 19.046 20.040 20.202 

6.0 6.614 8.622 11.707 11.689 11.663 13.467 14.922 16.666 18.160 16.878 17.318 18.444 19.167 19.896 x).177 20.657 21.776 21.916 
i:: 10'116 9 362 

lo:911 

10'176 9 387 

lo:989 

12.667 13 860 

14:867 

12 13:914 889 12 13'688 f3e4 16'610 14 628 16 17:370 134 18.193 16.913 17 18'776 486 17 19'306 981 20'109 18 703 21'392 19 907 20 22'241 694 21 23'044 480 23'363 21 766 22 23'932 285 23 26'277 620 23 26'390 644 

6.6 14.963 14:696 16:718 19.631 19.498 201107 20:861 21:639 22:899 231612 24:652 241973 26:600 27:061 271167 
7.0 11.733 11.828 16.690 16.038 16.748 17.646 19.917 20.827 21.463 22.021 22.993 24.432 26.408 26.264 z(I.617 27.292 28.644 26.948 

8.0 13.46 13.57 17.83 18.26 17.93 20.16 22.67 23.66 24.26 24.83 26.96 27.68 28.66 29.62 29.98 30.76 32.60 32.61 

10":: 16.29 17.24 16.42 17.36 20.07 22.41 20.69 23.03 20.20 22.68 22.60 26.13 28.19 26.33 26.41 29.36 30.16 27.16 27.76 30.77 32.26 29.07 30.83 34.20 32.06 36.66 33.07 58.64 33.46 37.04 34.32 38.00 3a.24 40.10 35.37 40.26 
11.0 19.29 19.41 24.86 26.66 26.06 27.76 31.17 32.42 33.27 33.90 36.69 37.66 39.16 40.32 40.74 41.79 44.06 44.24 
12.0 21.46 21.64 27.39 28.20 27.63 30.49 34.26 36.60 36.49 37.13 JB.02 41.27 42.89 44.11 44.66 46.70 48.12 48.36 

16.0 28.66 28.62 36.61 56.73 36.94 39.26 44.16 46.77 43.81 47.48 49.97 62.76 64.78 66.20 56.69 68.13 61.00 61.41 
20.0 42.40 41.99 61.24 62.92 61.70 66.81 62.79 64.66 a.16 a8.82 70.44 74.18 76.43 76.66 79.23 81.16 84.71 86.65 
26.0 66.66 67.86 69.18 71.49 89.76 74.69 84.00 68.66 88.10 88.72 93.69 98.39 101.93 103.96 104.69 107.03 111.22 112.61 
30.0 77.22 76.42 83.36 92.36 SO.03 96.61 107.69 110.76 112.66 113.09 119.36 126.28 129.69 132.01 132.68 136.66 140.46 
36.0 111.67 

142.49 
Se.01 96.22 116.46 112.44 119.10 133.78 137.37 139.42 139.86 147.63 164.79 160.11 162.71 163.42 186.94 172.33 176.10 

40.0 120.9 117.0 136.1 140.7 136.9 144.6 162.2 166.3 166.6 166.9 176.3 186.6 193.1 196.0 196.7 200.8 206.8 210.4 
46.0 146.0 140.6 162.6 188.0 163.4 171.9 192.9 197.6 200.2 200.3 211.4 221.3 228.7 231.8 232.6 237.2 243.8 246.2 
60.0 173.0 166.1 190.9 197.3 191.9 201.3 226.7 231.0 233.9 233.8 246.6 268.2 266.6 270.0 270.7 276.0 283.2 286.6 
66.0 202.0 193.4 221.2 226.6 222.2 232.7 280.7 266.7 269.6 269.6 284.4 297.3 307.0 310.6 311.3 317.2 326.0 
60.0 

331.4 
232.9 222.4 263.4 261.8 264.4 266.9 297.6 304.4 307.6 307.2 324.3 336.6 349.7 363.6 354.2 360.8 389.1 376.6 

66.0 266.7 263.1 287.4 296.3 268.4 300.9 336.9 344.2 347.6 347.0 386.2 382.6 394.7 398.7 399.4 406.6 416.6 424.0 
70.0 300.3 265.6 323.2 333.9 324.2 337.6 376.0 366.0 389.9 368.6 410.3 428.3 441.9 446.1 446.6 464.6 484.2 473.8 
60.0 374.9 366.1 400.0 413.1 401.0 416.8 436.1 476.6 479.9 478.1 604.6 626.3 642.6 647.4 648.0 667.1 666.0 680.0 
90.0 466.3 430.9 483.6 499.2 484.6 602.6 661.6 672.6 677.6 674.9 606.6 832.6 662.0 657.1 667.4 666.0 680.2 

100.0 
694.6 

644.4 612.7 673.4 692.0 674.4 694.9 684.4 677.0 882.6 679.0 716.3 746.6 769.4 774.7 774.9 796.9 800.6 617.7 

if%: 1077. 1746. 1006. 1616. ::;z. 

2665: 

1841. 1148. 1766. 1113. 1147. 1834. 1278. 2042. 2076. 1300. 2064. 1309. 2066. 1233. 2179. 1370. 2248. 1426. 2320. 1468. 1474. 1473. 1493. 1616. 1646. 
2340. 2337. 2368. 2383. 2444. 

2%: 2531. 
360:0 2::: 

3129. 2331. 
3:. 

3648. 2648. 3466. 2573. 3622. 2831. 3919. 2928. 4008. 2982. 3967. 2983. 2964. 3946. 4161. 3115. 3199. 3462. 
4003. 4634. 4416. 4496. 6000. 6131. 6083. 6028. 6301. p3;: 

4400. 3302. 3344. 4483. 4461. 3336. 4616. 3382. 4603. 3388. 
4638. 6697. 6863. 6666. 6749. 6721. 
6896. 

400.0 6416. 4941. 6421. 6694. 6462. 6642. 6162. 6336. 6269. 6169. 6625. 8864. 6883. 6992. 6968. 7073. 7026. 
E%:: 

7247. 
6616. 7a76. 6966. 6938. ;:.5;. . 6718. 7901. 6660. T704. 8862. 7616. 7394. 6669. 7613. 6963. 76%; 7419. 6711. 7621. 9163. 9368. 7962. 9876. 8246. 6376. 8347. 8474. 6409. 8876. 

9834. 9796, 9946. 9861. 10176. 

~1~~***~.~**~*.*1*****.*~~.*.*****.***..********.**~*******..*..*.**~.******..**.****~***~***.~.*~.*******...*****.**.~~..*.****.... 
E/A Sll n3 BA LA Prt sa CD no ln LU TA RE IR NJ PB BI In 

60 52 66 67 69 62 64 a7 69 71 73 76 77 79 a2 63 90 92" 
.**1~*.*.~.******~...~*******.**.****~.**..*..***.*~*******.**~~~*.....*.*****.********.******~*.***.*.~*~***..***.*~**.******.~.*** 

2.6 13.99 14.62 lb.69 16.99 16.69 17.44 17.96 16.61 19.00 19.39 19.78 20.20 20.62 21.00 21.50 21.68 23.26 
$2 

23.76 
16.86 17:69 16.40 16.46 19.66 17.64 17.93 19.83 20.46 16.66 21.63 19.61 20.09 22.17 20.87 23.06 21.31 23.66 21.76 24.06 22.20 24.63 22.66 26.02 23.16 26.61 23.66 24.11 24.26 26.96 26.50 

28.06 28.62 26.79 26.66 29.16 
4.0 19.60 20.29 21.46 21.71 22.36 23.63 24.22 25.22 26.76 26.30 26.62 27.36 29.01 26.49 29.08 29.24 31.16 
4.6 

31.74 
21.32 22.19 23.34 23.69 24.23 25.61 26.27 27.36 27.92 28.63 29.09 29.66 30.39 30.90 31.61 31.67 33.66 34.31 

6.0 23.13 

f;E 2:: 28.66 
7.0 30.66 

6.0 34.44 
9.0 38.42 

:::: 
42.61 
48.72 

12.0 61.06 

16.0 84.76 
20.0 90.14 
26.0 116.62 
30.0 149.84 
36.0 164.01 

24.09 

:76*:: 
29: 89 
31.86 

67.61 
93.90 

123.41 

X7 

26.24 26.48 26.12 27.60 26.31 
27.16 27.37 28.03 29.60 30.36 
29.08 29.29 29.94 31.61 32.43 
31.03 31.23 31.66 33.64 34.62 
33.00 33.19 33.64 36.aO 36.62 

37.03 37.18 37.64 39.76 40.91 
41.17 41.29 41.94 44.07 46.31 
46.43 46.62 40.16 48.46 49.93 
49.81 49.87 60.60 63.00 64.46 
54.31 54.34 64.96 67.66 69.22 

88.69 88.62 69.07 
94.92 94.66 96.06 

124.36 123.88 124.08 
166.83 166.11 166.06 
192.23 191.24 190. a7 

2:3X 
129.63 
162.69 
198.80 

74.27 

:KZ 
186.66 
2Q3.39 

40.0 220.9 229.6 230.6 229.2 226.5 237.6 243.1 
46.0 260.5 271.0 271.5 289.9 266.6 279.6 266.7 
60.0 302.6 314.8 316.2 313.2 311.7 323.9 331.0 

ET: 347.5 394.6 361.3 410.3 361.6 410.4 369.2 407.7 367.2 406.2 371.0 420.7 378.9 429.6 

;!i:: 444.6 

60.0 %*E 
90.0 72714 

100.0 866.9 

160.0 
200.0 %i: 
260.0 3839. 
300.0 4847. 
360.0 6162. 

400.0 7671. 
460.0 9062. 
600.0 10627. 

461.9 
616.9 
831.2 
766.6 
686.9 

481.7 466.7 
616.6 612.1 
830.3 626.9 
y.5:: y&T 

1679. 

:;;:. 
6024: 
a3.86. 

1674. 1661. 
2843. 2622. 
y;. g7.3;. 

aSl2: a372: 

7844. 7866. 7641. 
9388. 9446. 9396. 

11008. 11082. 11026. 

466.6 
606.4 
620.9 

2;:: 

1642. 
2690. 

ii%:: 
6286. 

472.8 482.6 
627.4 636.3 
643.8 866.7 
769.4 784.6 
903.9 921.4 

1699. 1730. 
2678. 2726. 
3616. 3878. 
6087. 6162. 
6489. 6668. 

G: Zi: 8063. 
9a36. 

10869. 11169. 11296. 

29.60 30.10 30.76 31.36 31.94 32.76 33.29 33.93 34.08 38.21 
31.66 32.28 32.98 33.61 34.23 35.11 35.66 38.36 JB.60 38.73 
33.81 34.47 36.21 36.69 36.64 37.48 38.08 38.70 38.92 41.27 
36.96 38.67 37.46 38.17 38.86 39.66 40.49 41.22 41.36 43.61 
38.17 38.90 39.73 40.48 41.19 42.20 42.91 43.67 43.80 48.38 

42.63 43.41 44.34 46.16 46.93 47.12 47.83 48.66 48.77 61.66 
47.20 48.04 49.06 49.94 60.76 62.06 62.86 63.74 63.66 66.88 
61.68 52.77 53.68 64.84 66.72 67.16 67.97 68.93 69.03 62.31 
66.88 67.62 68.82 69.96 CO.79 62.34 83.22 84.26 84.33 67.66 
61.61 62.60 85.89 84.99 66.96 67.66 88.69 69.69 69.76 73.63 

77.14 78.29 79.66 61.17 62.33 84.36 86.46 BE.80 88.83 91.39 
106.61 107.00 109.03 110.74 112.18 114.84 116.20 117.97 117.94 123.90 
137.26 138.90 141.41 143.66 146.27 148.67 160.19 162.47 162.36 169.87 
172.02 173.91 178.93 179.61 181.64 186.62 187.39 190.23 190.03 199.21 
209.79 211.93 216.49 218.64 220.89 226.66 227.69 231.16 230.66 241.63 

260.6 262.9 267.0 260.6 263.2 269.7 271.0 276.2 274.8 287.7 
294.1 236.7 301.4 306.6 308.6 314.7 317.3 322.2 321.6 336.6 
340.4 343.3 348.6 363.2 366.8 383.8 3a9.6 372.1 371.6 388.5 
389.4 392.6 398.6 403.8 407.6 416.4 418.4 424.9 424.1 443.6 
441.1 444.6 461.2 467.0 461.1 469.8 473.1 480.6 479.6 601.2 

496.4 499.1 608.4 612.6 617.4 627.0 630.6 636.7 637.7 661.9 
662.2 666.2 684.2 671.2 676.2 686.7 690.6 699.7 698.4 626.2 
673.1 677.7 887.1 696.6 701.4 713.9 718.0 729.3 727.7 760.0 
803.6 808.7 819.7 629.6 836.3 860.8 866.4 898.9 8136.9 $06.0 
6'43.1 940.9 Sal.4 972.9 980.6 997.2 1002.3 1018.1 1016.7 1060.1 

1767. 1776. 1797. 1616. 1631. 1860. lea7. 1897. 1692. 1973. 
2778. 2791. 2823. 2964. 2874. 2916. 2927. 2973. 2966. 3066. 

3962. 3966. 4010. 4066. 4220. 6268. 6270. 6330. 6396. 40;;. fll: :;I;. 6809. w iw 
9878. 8889. 6766. a862. 8881: 6968. 7007: 7118. 709s: 7229: 

8199. 6209. 8301. 6411. 8442. 6546. 8596. 6731. 6704. 6849. 
9808. 9816. 9926. 10069. 10093. 10214. 10276. 10437. 10406. 10683. 

11496. 11501. 11629. 11786. 11824. 11962. 12036. 12226. 12167. 12360. 

38.86 
39.41 
41.96 
44.66 
47.16 

62.41 
67.77 
63.26 

Et: 

92.66 
126.62 
161.66 
201.69 
244.64 

290.9 

i%z 
44812 
606.6 

667.7 

%-t 
913:s 

1070.3 

1991. 
3117. 

it%:. 
7416: 

9087. 
10863. 
12704. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

E/A 
.+**+*, 

3:: 
3.: 
4:s 

BE ffi AL SI CA l-f CR Fs II aJ GE SE SR ZR xcl Its 
4 6" 12 13 14 20 22 24 24 28 29 32 34 38 40 42 46 4+G 

I....*.*.C*..*..+.+**.****.*......***.~~*.*..**..........*...*..*.*.**********.***.*.*.*..*. ~.*.*.*.******.***+.*.**....*..**~* 
88.18 78.74 SO.46 67.48 68.41 62.88 46.46 43.34 42.01 40.92 38.38 34.01 34.19 33.14 32.74 31.62 28.23 29.38 
96.24 77.74 40.04 67.39 68.23 62.87 46.79 43.79 42.64 41.69 33.03 38.72 34.96 33.93 33.66 32.36 29.32 x1.26 
82.01 74.07 6K18 64.41 67.61 62.61 46.40 43.72 42.66 41.72 39.18 36.93 36.22 34.24 33.88 32.73 29.92 30.44 
78.83 74.07 68.04 66.67 68.63 61.83 46.13 43.34 42.26 41.62 39.02 38.83 36.19 34.26 33.91 32.79 30.20 30.78 
76.79 71.94 69.74 64.41 66.40 60.99 44.48 42.79 41.77 41.13 38.47 39.66 34.98 34.04 33.74 32.87 30.28 30.71 

6.0 

::: 

T:E 

72.93 99.86 66.48 63.19 64.20 60.06 43.74 42.14 41.18 40.81 38.20 36.14 34.81 33.76 33.46 32.42 32.19 30.62 
70.26 97.78 64.17 61.97 63.00 49.07 42.96 41.43 40.62 40.02 37.44 36.88 34.19 33.37 33.09 32.09 30.01 30.24 
97.78 66.79 62.88 60.78 61.80 48.08 42.14 40.89 39.83 39.39 37.08 36.14 33.71 32.93 32.47 31.70 29.77 29.91 
46.44 93.88 61.43 49.68 60.82 47.10 41.32 39.94 39.13 38.73 39.48 34.69 33.21 32.47 32.22 31.29 29.48 29.66 
1X4.28 82.07 60.42 48.43 49.48 48.13 40.62 39.20 38.42 38.07 36.84 34.03 32.70 31.98 31.76 30.86 29.16 29.18 

8.8 
to:0 
il.0 
12.0 

69.38 68.73 48.13 46.28 47.32 44.27 38.96 37.74 37.04 36.74 34.46 32.91 31.88 31.00 30.80 29.98 28.46 28.38 
66.97 66.73 48.04 44.29 46.32 42.62 37.48 36.36 36.71 36.49 33.47 31.82 30.84 30.04 29.86 29.07 27.72 27.66 
62.94 63.03 44.12 42.44 43.49 40.80 33.10 36.06 34.48 34.29 32.36 30.78 29.84 29.11 28.94 28.20 28.99 28.78 
60.29 60.80 42.39 40.79 41.80 39.40 34.81 33.84 33.29 33.18 31.29 29.80 28.73 28.22 28.07 27.37 28.27 28.00 
47.91 48.41 40.76 39.26 40.26 38.01 33.42 32.70 32.20 32.09 30.29 28.87 27.86 27.37 27.24 28.68 26.68 26.27 

16.0 
20.0 
26.0 

ii:8 

42.04 42.93 36.43 36.32 39.24 34.41 30.61 29.74 29.32 29.28 27.44 28.40 26.61 26.12 26.02 24.46 23.47 23.30 
36.21 3S.34 31.61 30.42 31.27 29.84 29.63 26.92 26.80 26.43 24.23 23.18 22.42 22.12 22.08 21.81 21.04 20.84 
3Q.47 31.70 27.78 29.84 27.42 24.44 23.67 23.04 22.81 22.87 21.43 20.71 20.04 19.83 19.79 19.41 18.98 18.68 
29.98 28.24 24.94 24.11 24.83 23.84 21.28 20.86 20.44 20.71 19.80 18.78 18.20 18.03 18.00 17.68 17.33 14.94 
24.30 26.66 22.70 21.96 22.42 21.78 19.46 19.07 18.90 18.98 17.97 17.23 18.71 18.68 18.66 14.24 16.98 16.81 

2:: 

!E 
40:o 

22.17 23.39 20.88 20.20 20.82 20.09 17.94 17.82 17.47 17.66 18.83 16.96 16.47 16.36 16.36 16.09 14.86 14.60 
20.43 21.82 19.37 18.76 19.33 18.48 18.71 18.40 14.27 14.34 16.60 14.87 14.44 14.34 14.33 14.11 13.89 13.67 
18.98 20.14 18.10 17.62 18.07 17.48 16.46 16.37 16.26 16.36 14.64 13.98 13.66 13.47 13.47 13.26 13.07 12.77 
17.78 18.89 17.01 14.47 18.99 18.46 14.74 14.48 14.38 14.47 13.71 13.17 12.79 12.71 12.72 12.63 12.34 12.07 
14.70 17.80 14.08 16.66 18.06 16.68 13.96 13.71 13.81 13.71 12.99 12.48 12.12 12.04 12.06 11.89 11.73 11.44 

66.0 
70.0 

it: 
100: 0 

160.0 
200.0 
260.0 
300.0 
360.0 

16.79 18.88 16.23 14.78 16.23 14.78 13.26 13.03 12.94 13.03 12.36 11.87 Il.63 11.48 11.48 11.33 11.18 10.92 
14.99 18.03 14.60 14.06 14.60 14.08 12.43 12.42 12.34 12.44 11.79 Il.33 11.01 10.98 10.97 10.82 10.88 10.44 
13.84 14.63 13.27 12.84 13.27 12.91 11.68 11.40 11.33 Il.42 10.83 '"94; '"9.:; '"9.;: '"9.;; 9.98 9.84 9.82 
12.64 13.60 12.27 11.89 12.27 11.96 10.73 '"9.:: '"9.;: 1"9.6$ 1"g.g; 

8178 8:76 8177 
9.26 9.14 8.96 

11.87 12.68 11.43 11.09 11.44 11.16 10.01 . . . . 9.03 8.86 8.68 8.38 

8,824 9.644 8.738 8.480 8.748 8.648 7.893 7.683 7.663 7.432 7.243 8.974 4.779 '8.771 8.784 8.714 8.836 4.616 
7.282 8.006 7.311 7.083 7.283 7.162 8.431 4.318 4.338 8.413 8.079 6.988 6.790 6.471 6.693 6.616 6.677 6.478 
8.383 7.036 4.429 8.229 4.373 6.298 6.SO6 6.603 6.688 6.467 6.384 6.282 6.109 6.009 6.030 4.946 6.017 4.848 
6.787 4.348 6.820 6.438 6.771 6.708 6.136 4.943 6.068 6.133 4.868 4.792 4.634 4.649 4.649 4.496 4.666 4.408 
6.317 6.874 6.374 6.207 6.331 6.273 4.747 4.674 4.687 4.746 4.606 4.432 4.289 4.211 4.231 4.163 4.220 4.082 

400.0 4.974 6.604 6.036 4.877 4.994 4.942 4.460 4.293 4.398 4.466 4.227 4.167 4.024 3.963 3.972 3.909 3.982 3.836 
460.0 4.708 6.211 4.768 4.419 4.733 4.483 4.217 4.072 4.188 4.224 4.009 3.941 3.814 3.760 3.789 3.710 3.769 3.839 
600.0 4.493 4.978 4.664 4.411 4.621 4.474 4.030 3.896 3.984 4.039 3.834 3.767 3.848 3.687 3.606 3.649 3.694 3.482 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTRGIIC STOPPIIG PGSER II UIIIS OF HEV/tXG/SQ CX) 
103 

RR 101s 
46 

I*..*.t*IC*.**.*l,...~~...*...*.**..*..*.*******..*...*..~***..*...*.***.***..****.******.*.~*~.....*.......*.~**~...*..**.*.***.**. 

E/A SI m RA LA Pa SU GO 80 l?4 LU IA RR IR AU P8 81 T6 
60 62 68 67 69 42 44 87 89 71 73 76 77 79 82 83 90 92" 

. . . ..**..*.**..***....*.*..*...*.*..**.*~.*........**..*.********..****.****....***********.**~~..***.****..**~**......*..***.*~**** 

i.: 
3:s 
4.0 
4.6 

27.49 29.22 28.27 20.46 26.22 24.72 23.96 22.42 22.13 21.66 21.13 20.79 20.03 19.78 19.64 19.61 18.79 18.68 
28.37 27.08 27.12 27.32 27.12 26.44 24.87 23.67 23.11 22.63 22.11 21.77 21.02 20.76 20.62 20.67 19.70 19.47 
28.80 27.62 27.64 27.76 27.69 24.14 26.38 24.12 23.88 23.11 22.70 22.38 21.44 21.34 21.11 21.16 20.2b 20.02 
28.98 27.48 27.72 27.91 27.79 24.37 26.83 24.41 23.99 23.44 23.03 22.70 21.99 21.71 21.48 21.61 20.68 20.34 
28.93 27.87 27.70 27.90 27.80 29.42 26.49 24.62 24.12 23.68 23.18 22.88 22.18 21.89 21.84 21.89 20.74 20.60 

:.z 
4:o 

7: 

E 
1o:o 
11.0 
12.0 

16.0 

iii:: 

2:: 

;:; 

66:o 
80.0 

160.0 
200.0 
260.0 

%'8:8 

%*S 
600:0 

28.78 27.63 27.67 27.76 27.89 28.36 26.43 24.61 24.13 23.80 23.21 22.90 22.24 21.96 21.70 21.74 20.79 20.66 
28.64 27.32 27.34 27.66 27.60 28.19 26.60 24.41 24.06 23.64 23.16 22.86 22.21 21.94 21.67 21.72 20.78 20.62 
28.28 27.04 27.09 27.28 27.26 26.98 26.30 24.24 23.91 23.41 23.04 22.74 22.12 21.86 21.69 21.83 20.88 20.44 
27.93 24.76 29.79 29.98 26.97 26.73 26.04 24.00 23.73 23.24 22.88 22.69 21.99 21.73 21.46 21.60 20.66 20.32 
27.69 26.43 29.47 29.46 26.86 26.46 24.80 23.83 23.61 23.04 22.88 22.41 21.82 21.67 21.30 21.34 20.40 20.17 

24.88 26.74 26.78 26.98 26.99 24.84 24.23 23.32 23.03 22.68 22.24 21.98 21.43 21.18 20.91 20.98 20.03 19.81 
28.12 26.04 26.08 26.24 26.31 24.21 23.82 22.77 22.60 22.08 21.78 21.61 20.99 20.78 20.49 20.63 19.82 19.40 
26.39 24.36 24.39 24.64 24.43 23.66 23.02 22.22 21.97 21.67 21.26 21.02 20.63 20.31 20.04 20.08 19.20 18.96 
24.88 23.48 23.72 23.89 23.97 22.97 22.43 21.87 21.44 21.08 2G.76 20.63 20.04 19.86 19.69 19.83 18.77 18.64 
24.00 23.04 23.08 23.24 23.33 22.37 21.86 21.14 20.92 20.66 20.28 20.06 19.80 19.41 19.14 19.19 18.34 18.14 

22.16 21.28 21.32 21.48 21.69 20.73 20.27 19.86 19.44 19.14 18.88 18.70 18.30 18.13 17.88 17.92 17.14 16.96 
19.48 18.90 18.94 19.08 19.21 18.48 18.09 17.67 17.43 17.16 18.94 18.78 18.46 14.32 18.09 18.12 16.43 16.27 
17.72 17.04 17.08 17.21 17.34 16.71 14.34 16.93 16.81 16.68 16.38 16.26 14.98 14.88 14.84 14.87 14.04 13.90 
18.17 16.64 16.40 16.72 16.86 16.28 14.97 14.69 14.60 14.29 14.12 14.00 13.76 13.88 13.46 13.49 12.91 12.79 
14.90 14.36 14.39 14.60 14.83 14.11 13.83 13.60 13.41 13.23 13.07 12.97 12.74 12.87 12.47 12.60 11.98 11.88 

13.86 13.34 13.38 13.48 13.81 13.14 12.88 12.68 12.60 12.34 12.19 12.10 11.89 11.83 11.86 11.47 11.19 11.08 
12.98 12.48 12.62 12.42 12.76 12.31 12.07 11.80 11.73 11.68 11.44 11.38 11.17 11.11 10.94 10.97 10.61 10.41 
12..20 11.76 11.79 11.88 12.00 11.60 11.38 11.13 11.04 10.92 10.80 10.72 10.64 '"9.;; '"9.;; '"9:;; 9.93 9.84 
11.64 11.11 11.16 11.24 11.38 10.98 10.77 10.64 
10.94 10.64 10.69 10.48 10.79 10.43 10.24 10.02 

';A; 
. 

'"9.;; 
. 

1"9:2; '"9.;; 1'3:;; 
9148 9:33 

9.42 9.33 
9.36 8.97 8.89 

?3;1 
a:43 

9.67 9.18 9.62 9.11 9.40 
S% 

9.30 8.90 9.23 8.84 9.09 8.71 9.06 8.87 8.91 8.64 8.93 8.66 z: 

fG8 
8.42 

7176 ?iP 
8.17 

f% 
8.02 7.90 7.92 7:40 

8.49 8.14 
7.63 

8.03 
7.63 7:39 

7.84 
7.38 7.28 7120 

7.82 
7:OS 

7.44 7.38 7.38 7.09 7.02 
7.16 7.03 8.91 8.93 6.46 6.80 

4.237 4.012 4.037 8.088 4.170 6.976 6.877 6.776 6.763 6.894 6.434 6.699 6.622 6.607 6.422 6.438 5.220 6.178 
6.244 6.064 6.063 6.106 6.179 6.018 4.938 4.866 4.842 4.794 4.746 4.718 4.866 4.841 4.671 4.686 4.624 4.377 
4.940 4.481 4.432 4.448 4.634 4.408 4.344 4.287 4.290 4.242 4.179 4.172 4.12'3 4.096 4.030 4.044 4.016 3.888 
4.219 4.076 4.031 4.046 4.106 4.011 3.972 3.903 3.908 3.693 3.807 3.800 3.769 3.732 3.474 3.885 3.469 3.646 
3.910 3.777 3.737 3.760 3.804 3.720 3.S83 3.821 3.424 3.684 3.632 3.628 3.489 3.486 3.410 3.422 3.398 3.292 

3.973 3.648 3.612 3.624 3.677 3.496 3.481 3.404 3.407 3.370 3.322 3.318 3.282 3.280 3.209 3.219 3.194 3.099 
3.484 3.388 3.334 3.348 3.394 3.320 3.287 3.233 3.238 3.202 3.167 3.161 3.119 3.098 3.060 3.036 2.944 
3.334 3.223 3.192 3.202 3.261 3.179 3.147 3.096 3.099 3.06S 3.023 3.017 2.986 2.908 2.922 ;.;M; . 2.907 2.822 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

IUIGE 11 UlITS OF MG/SQ QI 
103 

RH IOPS 
46 

E/A BE 
4 ec 12 

ffi AL. SI CA n CR FE III aJ GE SE SR ZR HO RR 
13 14 20 22 24 28 2% 29 32 34 38 40 42 46 4? ****..*.***...*+.***..*......*****.~***.**.***..**.*.**.*.*.~*.**.***.*******~******..*******..***.*.*..**~*.****.*.**..*.**..**.~*~ 

2.6 6.280 6.080 7.141 T.120 8.990 8.332 9.020 9.499 9.880 10.240 10.480 11.180 11.680 12.071 12.270 12.478 12.866 
3.0 6.873 6.717 7.Q96 8.014 7.872 9.307 

13.190 
10.14% 10.880 11.077 11.487 11.789 12.594 13.047 13.804 13.821 14.088 

3.6 8.489 8.387 8.868 
14.842 14.915 

8.917 8.782 10.284 Il.274 11.868 12.288 12.722 13.106 13.991 14.614 16.113 16.347 16.887 18.379 
4.0 7.130 7.073 9.738 9.836 9.886 11.271 

18.804 
12.409 13.039 13.600 13.969 14.422 16.387 16.978 18.818 18.888 17.239 

4.6 7.798 7.778 
18.091 18.280 

10.833 10.772 10.686 12.272 13.66% 14.234 14.728 16.204 16.747 18.790 17.444 18.124 18.388 18.812 19.794 19.964 

6.0 0.489 8.604 11.661 11.729 11.626 13.292 14.726 16.447 16.987 18.484 17.087 18.207 18.924 IS.842 19.920 20.394 21.497 
6.6 

21.838 
9.209 9.263 12.490 12.708 12.486 14.331 16.913 18.879 17.22% 17.742 18.444 19.841 20.421 21.177 21.48% 21.990 23.208 

8.0 9.966 10.024 13.463 17.124 
23.331 

13.711 13.48% 16.391 17.934 18.610 19.039 19.822 21.098 21.938 22.730 23.034 23.806 24.930 
8.6 10.729 

26.043 
10.81% 14.438 14.738 14.474 18.473 18.36% 19.211 19.814 x).367 21.223 22.673 23.477 24.306 24.822 26.240 28.889 

7.0 
28.776 

11.629 11.838 16.448 16.789 16.603 17.67% 19.817 20.613 21.143 21.89% 22.848 24.074 26.039 26.903 213.232 28.897 28.428 28.630 

8.0 13.21 13.34 17.64 17.98 17.83 19.88 22.21 23.19 23.87 24.46 26.67 27.16 28.24 29.17 29.63 30.2% 32.00 32.11 
9.0 16.00 16.14 19.73 20.24 IS.88 22.23 24.91 26.97 28.71 27.30 28.69 W.33 31.66 32.66 32.92 33.77 36.87 36.80 

10.0 18.89 17.04 22.01 22.82 22.1% 24.70 27.71 28.88 29.84 30.28 31.72 33.83 34.98 38.03 38.43 37.37 39.43 39.69 11.0 18.89 19.03 24.40 26.09 24.69 27.27 30.81 31.86 32.88 33.31 34.98 37.03 38.49 39.83 40.04 41.0% 43.30 
12.0 

43.49 
20.99 21.11 28.88 27.87 27.11 29.93 33.82 34.96 36.83 38.47 38.31 40.64 42.13 43.33 43.77 44.90 47.2% 47.61 

16.0 27.89 27.90 34.89 36.98 36.21 38.49 43.29 44.87 46.90 48.68 49.00 61.74 63.74 66.13 66.62 67.03 69.86 80.28 
20.0 41.33 40.99 60.10 61.74 60.66 54.81 81.44 83.47 84.76 86.41 BB.94 72.82 76.33 77.03 77.69 79.4% 82.97 83.79 
26.0 67.11 68.21 87.64 89.81 68.12 72.97 82.0% %4.68 80.10 88.72 91.4% 98.18 99.88 101.88 102.2% 104.87 108.77 
30.0 76.11 73.48 87.14 

110.13 
90.08 87.82 93.60 106.11 108.10 109.87 110.42 118.63 122.34 128.86 128.93 129.80 132.61 

36.0 
137.21 139.20 

96.26 92.87 108.82 112.60 109.6% 118.12 130.46 133.98 136.98 138.43 144.00 161.01 168.21 168.77 169.47 182.92 188.19 170.90 

40.0 117.6 113.8 132.6 137.0 133.3 140.8 168.0 182.1 184.4 184.7 173.8 182.1 188.3 191.i 191.8 196.8 201.7 
46.0 141.7 138.7 168.1 

206.2 
183.6 169.0 187.4 187.a 192.4 194.9 196.1 206.9 216.8 222.8 226.8 228.8 231.1 

E: 196.9 187.9 186.7 216.0 
237.6 

181.4 187.8 
241.9 

222.2 191.9 188.8 218.0 196.9 228.3 219.7 263.8 224.9 269.4 227.8 282.4 227.8 282.2 240.3 278.8 261.3 289.3 269.8 298.7 262.9 283.7 288.8 276.8 281.1 
302.3 303.0 308.8 

80.0 
318.3 

226.9 216.9 248.2 264.4 247.2 
322.8 

268.6 289.6 298.0 299.3 298.8 316.4 329.6 340.1 343.9 344.8 361.0 369.1 388.4 

E:8 267.8 291.1 246.8 277.0 279.2 313.8 324.2 288.4 314.9 280.2 292.6 328.2 327.4 387.3 334.6 376.0 338.1 378.9 337.3 377.8 368.0 398.7 371.9 418.3 383.7 429.6 387.7 388.4 396.4 404.1 412.4 
433.7 434.3 441.9 

80.0 
461.3 480.7 

383.2 344.4 388.2 400.9 389.2 404.7 462.6 481.7 488.1 484.3 490.0 611.2 627.2 631.8 532.3 
90.0 

641.2 661.8 
442.0 417.7 489.0 484.3 470.0 487.7 

683.6 
646.0 666.7 680.8 668.1 688.8 814.0 833.0 837.9 838.3 848.8 

100.0 627.1 
880.6 

498.9 668.0 674.0 667.0 677.0 
874.8 

844.6 868.7 882.1 868.7 896.0 724.4 748.6 761.8 762.0 783.7 777.0 793.7 

160.0 1041.6 972.7 1077.7 1111.8 1078.2 1111.1 1238.3 1269.6 1287.8 1268.3 1328.9 1380.9 1422.1 1428.6 1427.6 1448.7 
200.0 1888.2 1686.6 1728.9 

1488.1 1498.4 
1782.8 1728.4 1774.8 1978.0 2008.2 2017.4 1999.8 2108.7 2176.7 2244.1 2286.3 2282.1 2290.1 

260.0 2264.3 
2307.4 

2448.6 2480.8 
2388.2 

2669.6 2488.9 2644.9 2832.2 2886.0 2886.9 2867.9 3013.7 3094.7 3194.3 3236.0 3227.8 3271.7 3276.8 
300.0 3297.4 3026.8 3324.8 

3389.2 
3430.8 3340.1 3408.0 3789.2 3876.7 3866.9 3816.9 4023.7 4120.8 4266.0 4318.4 4304.4 4388.4 

360.0 
4366.3 

4229.1 3889.8 4247.2 
4488.1 

4382.8 4270.0 4348.6 4834.0 4980.6 4914.2 4880.8 6126.2 6240.1 6411.7 6496.0 6477.8 6668.9 6631.4 6702.3 

400.0 6232. 4778. 6238. 6408. 6289. 5367. 6968. 6124. 8050. 6982. 8307. 8863. 
460.0 

8769. 8735. 6837. 
8297. 673%. 

8792. 7006. 
8291. 8492. 8329. 842%. 7146. 7367. 7264. 7170. 7669. E%. 798%. 8097. 808%. 8190. 

600.0 7417. 
8128. 

8760. 7398. 
8386. 

7834. 7443. 7664. 8398. 8861. 8619. 841%. 8873. 9362: 934s. 9603 9488. 9811. 9630. 9833. 

.*..*~***..***..******.**~~.**************.********..*******.***.***..******.*.*..*****************.*.********..**.******.*.******** 
E/A SE m  BA LA FTt  SU CD HO In LU ?A RE IR AU PB BI M 

60 62 68 
II 

67 69 82 84 87 89 71 73 76 77 79 82 83 93 92 ~~....**..**l****41~****..~.*..*..******~*******~**..*~*.~****~***~.*.*....**....**~**~*****~~~****..***.********~.*~*~...**..*~.*~* 
2.6 13.86 14.37 16.63 16.83 18.43 17.27 17.7% 18.43 18.82 19.20 19.69 20.01 20.42 
3.0 

20.80 21.29 21.47 23.02 
16..83 18.30 17.48 

23.61 
17.74 18.36 IS.31 19.89 20.88 21.09 21.63 21.97 22.42 

3.6 
22.93 

17.49 
23.34 23.88 24.03 26.89 

18.19 19.34 
28.21 

19.81 20.23 21.30 21.93 22.82 23.29 23.79 24.28 24.76 
4.0 

26.34 26.78 
19.27 20.06 

28.33 28.49 28.28 
21.20 

28.82 
21.48 22.09 23.28 23.96 24.94 26.46 28.00 28.61 27.04 

4.6 
27.70 

21.06 21.91 
28.17 28.74 28.90 30.7% 

23.08 
31.37 

23.31 23.94 26.21 26.98 27.04 27.69 28.19 28.74 29.30 30.03 30.63 31.13 31.29 33.2% 33.89 

6.0 22.84 23.7% 24.92 26.18 26.80 27.18 27.98 29.14 29.73 30.37 30.98 31.66 32.36 
6.6 24.83 26.86 28.80 

32.8% 33.61 33.88 36.76 
27.02 27.87 

38.40 
19.12 29.9% 31.24 31.88 32.66 

t:; 
33.1% 33.80 34.88 

28.46 28.28 27.66 29.48 30.80 28.89 
36.22 36.8% 38.03 38.23 

28.90 30.79 29.66 31.45 31.10 33.09 32.01 34.06 33.38 36.49 34.01 38.17 34.76 38.96 36.41 38.08 38.99 37.68 38.28 38.40 40.72 38.91 41.42 

7.0 
37.88 38.33 39.32 39.94 40.88 

30.13 31.40 32.63 32.71 33.37 
40.79 43.21 43.96 

36.10 38.12 37.84 38.36 39.18 39.92 40.82 41.87 42.32 43.07 43.19 46.73 48.49 

8.0 33.92 36.36 38.48 38.83 37.2% 39.20 40.32 42.01 42.78 43.89 44.60 9.0 46.28 48.43 37.81 39.40 40.63 47.14 47.96 48.08 40.86 60.82 41.30 43.40 44.82 61.84 48.4% 47.30 48.31 
49.99 10.0 49.18 61.29 41.81 43.67 44.89 62.06 62.92 63.03 44.79 46.42 47.71 68.02 49.04 61.08 61.94 63.03 68.89 

63.97 64.84 68.26 
11.0 46.92 47.88 48.97 

67.08 68.00 68.10 
49.04 49.88 62.13 63.67 66.76 

81.32 82.28 
68.88 67.88 68.8% 69.80 

12.0 60.16 62.27 
81.33 

63.38 
62.19 83.20 83.29 

63.41 64.02 58.88 
88.76 87.76 

68.22 800.67 81.66 82.81 83.90 84.87 86.62 87.44 88.62 88.69 72.30 73.38 

16.0 83.68 88.24 87.31 87.26 87.80 71.03 72.91 76.74 78.87 78.40 20.0 79.70 80.84 82.84 88.29 91.98 92.99 83.92 92.74 86.23 86.28 93.14 97.39 99.88 
103.60 

104.87 89.74 90.99 
108.86 26.0 108.64 116.92 120.71 109.96 112.68 121.88 113.90 116.84 116.80 121.20 121.40 128.74 129.84 121.48 

134.33 136.94 138.40 
123.04 

30.0 140.49 146.42 148.39 162.3% 163.26 142.19 162.66 147.01 149.24 149.13 162.61 169.02 182.79 188.14 170.00 172.98 168.49 168.44 
36.0 179.80 188.89 187.88 176.48 177.4% 181.37 183.20 186.98 188.70 188.38 186.79 194.78 194.12 198.80 204.87 208.97 197.11 

210.46 213.43 216.74 220.32 222.39 226.78 226.49 238.22 238.97 

40.0 216.6 224.1 224.8 223.8 222.9 232.0 237.2 244.4 248.8 260.8 46.0 264.3 263.9 284.1 268.9 282.2 284.8 272.6 278.6 284.6 288.6 288.1 283.1 282.0 280.8 283.9 
2W.7 289.3 293.9 60.0 294.9 297.9 300.9 308.9 3M.8 307.0 309.6 314.2 306.2 303.7 316.8 313.7 328.3 322.6 331.7 331.9 

334.6 339.7 66.0 344.2 338.3 361.7 347.8 364.4 362.0 347.8 367.2 382.7 349.7 381.3 389.0 382.0 378.7 382.8 379.3 
80.0 582.4 388.2 js4.1 393.3 398.9 404.8 399.3 3Q9.3 407.8 398.8 394.3 409.4 413.9 413.1 43.2.0 

418.1 
438.8 

429.4 432.8 439.2 444.9 448.9 467.4 400.8 487.8 488.9 488.0 493.2 

86.0 432.3 449.3 449.2 448.2 443.2 480.0 489.8 482.0 486.7 70.0 492.7 499.0 4%2.7 601.8 603.4 612.8 601.3 497.9 494.4 612.9 623.6 618.2 624.3 623.2 648.8 662.6 
637.1 641.0 648.7 E?: 555.8 708.4 690.3 813.2 733.8 680.6 670.7 812.6 732.6 0.3 727.3 803.4 721.1 674.4 826.7 747.3 83u8.3 

782.1 

864.2 780.6 868.7 887.9 878.1 8%1.8 893.9 898.0 708.9 683.3 

786.8 

707.4 682.1 808.2 738.8 748.2 814.6 

100.0 798.2 806.9 830.8 a82.8 881.1 812.4 826.6 864.9 a47.0 877.6 894.8 916.8 
921.3 

831.0 844.1 842.2 879.3 887.9 
933.6 944.8 962.1 988.3 973.2 g8g.e 988.3 1029.4 103g.g 

160.0 1687. 1827. 1822. 1810. 1692. 1847. 1877. 1713. 1721. 200.0 1742. 2474. 2687. 1782. 1776. 1803. 2669. 2639. 2608. 1810. 2839. 2890. 1839. 1834. 1912. 1930. 
260.0 E? * 2703. 2733. 3621. 3862. 3860. 2784. 2783. 2824. 3821. BZE 3763. 

3824. 3837. 
2834. 2879. 2871. 2989. 3019. 

300.0 4888. 4869. 4871. 3s26. 3949. 4004. 4021. 4084. 4073. 4181. 4271. 6088. 5098. 
360.0 696%. 8174. 8200. 

if::: 
8077: 

ZE: g.3:. 2::. 

. 846%. 8489. 
8642: ~%: i%:: 6314. 6341. 6428. 6410. 6628. 5881. 

6739. 8778. 6883. 8882. 8990. 7171. 

ii%:: 7373;. 76;3. 7823. 7680. 7474. 7886. 7786. 7928. 7938. 
I:%:: 

8026. 
1%: 

8131. 8182. 8282. 
600.0 10270: 10838: 8963. 9198 1%: $88: 

8310. 
948%. 

8441. 8416. 8668. 8786. 
IO784: 9694. 10604. llll6. ~239. ll39l: 9723 1%: I$::: 11832: 9932 llal5: 10089 1177%: 1006% 11948: 10211 12279: 10491 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

106 
WSCTROIIC STOPPIIG POVER IQ UQITS OF HEV/(tlGlSq Q() PD IOQS 

46 

wA 4= 8c 12= 
l .  .  .  .  ..~...*.+.*.~L***~~.~*~ 

AL SI CA l-I CR 
13 14 20 21 24 

. . ..+.....*..L.*******...*.*.***.*. 
69.23 59.97 64.08 46.63 44.46 
56.99 59.83 64.30 47.02 44.96 
58.22 69.14 63.96 48.86 44.92 
67.19 68.16 63.30 44.40 44.66 
W.02 67.03 62.46 46.76 44.02 

FE 
26 

Il.*...* 

%i: 
43172 

2:it 

%I W 
28 23 

.**..+. .****.* 
41.97 39.34 

t:4: 
42166 

%% 
40:11 

42.30 3P.?7 

36.33 36.06 3iPa 33.66 32.31..28.94 JO.12 
37.63 36.67 34.82 34.43 33.20 30.08 31.03 
37.93 36.17 36.16 34.73 33.80 30.72 31.47 
37.86 38.16 36.19 34.84 33.63 31.02 31.62 
37.68 35.96 36.02 34.63 33.68 31.11 31.66 

::: 
;:i 
i:: 
tx 
7:o 

i:: 

:x 
12:o 

16.0 

$2 

Ci:: 

40.0 

it::: 
55.0 
60.0 

t;:: 

2.: 
1oo:o 

E% 
25o:o 
300.0 
350.0 

E-: 
500: 0 

90.37 80.76 62.08 
87.32 79.88 61.74 
84.66 78.24 60.87 
81.42 76.26 69.74 
78.33 74.14 58.47 

75.40 72.01 67.16 64.80 56.83 61.53 45.02 43.37 42.37 41.73 33.31 37.18 36.61 34.72 34.41 33.34 31.04 31.38 
72.67 63.92 66.83 63.66 64.61 50.54 44.23 42.66 41.72 41.20 38.77 30.71 36.18 34.34 34.06 33.02 30.88 31.11 
70.12 67.90 64.53 62.33 53.40 49.64 43.41 41.32 41.02 40.66 30.19 30.18 34.71 33.90 33.63 32.64 30.64 30.73 
67.74 Q5.37 63.26 61.13 52.21 48.64 42.69 41.16 40.31 33.90 37.68 36.63 34.21 33.44 33.18 32.22 30.36 30.42 
66.52 64.13 62.02 43.37 61.06 47.66 41.77 40.41 39.60 39.24 3Q.36 35.07 33.70 32.96 32.71 31.73 30.03 30.04 

81.52 0.72 49.70 47.77 48.86 46.67 40.19 38.33 38.20 37.91 36.73 33.94 32.66 31.37 31.76 30.83 29.33 29.23 
58.01 67.66 47.66 46.76 46,81 43.90 38.69 37.62 3Q.86 36.63 34.63 32.84 31.81 3D.93 30.79 29.98 28.69 28.42 
64.32 64.89 46.60 43.68 44.94 42.26 37.28 36.20 36.69 35.40 33.40 31.78 30.62 30.04 29.87 29.11 27.86 27.61 
62.17 52.40 43.80 42.16 43.21 40.72 36.97 34.98 34.33 34.26 32.32 30.77 19.67 23.14 28.98 28.26 27.12 24.84 
49.71 60.16 42.16 40.60 41.62 39.30 34.76 33.80 33.27 33.16 31.30 23.83 28.78 28.28 28.14 27.48 24.42 28.10 

43.48 44.61 37.93 38.67 37.64 36.41 31.67 30.77 30.34 30.30 28.62 27.31 24.38 26.38 26.87 25.23 24.47 24.09 
36.60 37.73 32.Q7 31.64 32.42 30.93 27.49 26.86 26.63 26.66 26.10 23.99 23.22 22.31 22.86 22.38 21.73 21.37 
31.69 32.33 28.83 27.84 28.68 27.46 24.46 23.92 23.64 23.71 22.43 21.47 20.80 20.56 20.62 20.13 19.68 
28.08 29.36 26.30 26.04 26.78 24.77 22.03 21.84 21.42 21.50 20.34 19.49 18.83 18.70 18.68 18.34 17.38 

;;A$ 

25.30 26.67 23.69 22.82 23.60 22.63 20.21 19.81 13.43 13.71 18.66 17.89 17.36 17.20 17.18 16.83 16.59 IS:21 

23.09 24.34 21.71 21.01 21.66 20.88 16.87 18.31 18.16 18.24 17.28 14.67 14.08 16.96 15.94 15.68 16.42 15.07 
21.28 22.61 20.15 19.60 20.10 13.42 17.38 17.06 14.92 17.01 16.11 16.46 16.01 14.90 14.90 14.88 14.44 14.10 
19.78 20.97 18.83 18.23 18.80 18.13 18.28 16.39 16.86 16.98 16.12 14.62 14.09 14.00 14.00 13.79 13.59 13.27 
18.61 19.67 17.70 17.14 17.48 If.12 16.34 16.07 14.94 15.06 14.27 13.70 13.30 13.23 13.23 13.04 12.86 12.64 
17.41 18.64 16.72 16.20 16.71 16.20 14.62 14.27 14.17 14.26 13.52 12.33 12.61 12.66 12.56 12.37 12.21 11.93 

16.48 17.66 16.87 16.37 16.85 16.39 13.79 13.68 13.47 13.67 12.86 12.36 12.00 11.96 11.95 11.73 11.63 11.37 
15.63 16.70 15.11 14.64 16.10 14.67 13.15 12.94 12.86 12.96 12.28 11.80 11.48 Il.41 11.42 11.27 11.12 10.87 
14.23 16.26 13.83 13.40 13.83 13.46 12.07 Il.87 11.80 11.90 Il.28 
13.10 14.07 12.79 12.40 12.79 12.46 11.18 11.01 10.94 11.04 12.17 13.10 11.92 11.64 11.93 II.42 IO.44 10.28 10.23 10.32 

lg.); 
:g.t$ 

9:41 

'"9.;; 

. 9:is 

'"9.;; 

9:12 

'"9.:; 

9:14 

I;:2 '"9.;; '"9.;; 

3.03 8:92 8174 

9.212 9.982 9.119 8.860 9.129 a.920 8.027 7.912 7.882 7.384 7.668 7.277 7.073 7.044 7.079 7.006 8.922 6.798 
7.604 8.364 7.633 7.396 7.683 7.447 4.714 4.694 4.616 6.494 4.346 6.251 4.046 6.320 6.943 6.846 6.926 5.718 
6.667 7.346 4.714 6.506 6.466 4.576 5.914 5.744 6,836 5.907 6.602 5.516 5.336 6.230 6.263 6.165 6.233 6.060 
6.024 6.647 6.078 5.889 6.028 6.940 6.344 6.143 6.293 6.361 6.086 6.005 4.842 4.761 4.772 4.694 4.760 4.602 
6.664 6.137 6.414 6.439 6.669 6.508 4.968 4.778 4.896 4.960 4.706 4.630 4.480 4.339 4.413 4.348 4.408 4.264 

5.198 5.749 5.240 6.096 6.219 6.163 4.849 4.486 4.693 4.664 4.416 4.343 4.204 4.129 4.149 4.084 4.133 4.006 
4.918 5.444 4.382 4.826 4.944 4.892 4.406 4.264 4.364 4.413 4.188 4.117 3.386 3.918 3.937 3.876 3.927 3.802 
4.694 6.138 4.758 4.608 4.724 4.674 4.211 4.070 4.162 4.219 4.006 3.936 3.811 3.747 3.746 3.708 3.767 3.438 

I . . . . .  

E/A 

l ****. 

2.6 
3.0 
3.5 

2: 

.  .  .  .  .  .  l .  .*.....****..* 
TE BA 

62 68 
+ . . . . . . . 1.1.e. 

28.87 26.92 
27.78 27.02 
20.26 28.29 
28.43 28.47 
28.43 28.47 

LA 
57 

..I.... 

..*.*.. 
PR 

69 
. ..**.. 

27.11 26.87 
28.02 27.82 
28.49 28.32 
28.87 28.64 
28.67 28.67 

28.31 28.35 
28.11 28.14 
27.86 27.88 
27.66 27.68 
27.22 27.26 

28.53 26.67 
26.83 26.86 
25.13 25.16 
24.46 24.49 
23.79 23.83 

28.66 28.47 27.09 
28.34 

:?E 
Ex :84 

27146 
27:7Q 2Q:48 
27.46 26.20 

26.74 24.78 26.60 
26.06 2-8.09 24.97 
26.34 26.41 24.33 
24.66 24.74 23.71 
24.00 24.09 23.10 

22.01 22.05 
13.67 13.41 
17.64 17.71 
1’3.I4 16.18 
14.89 14.94 

22.32 

:E 
1e:44 
16.18 

13.86 13.90 
12.37 13.02 
12.22 12.26 
11.54 11.40 
10.98 11.02 

:zs 
12:36 
11.49 
11.11 

14.14 13.64 
13.26 12.79 
12.48 12.06 
11.82 11.42 
11.23 10.86 

10.47 10.61 
'"9. ;a I;.;; 

$88 8:63 
8.09 

10.69 
10.13 

t-;: 
8:lS 

6.272 6.299 
6.284 5.286 
4.679 4.628 
y4?4; :.2l; 

6.350 
6.329 
4.666 

f:::: 

3.704 3.QQ8 3.681 
3.618 3.483 3.436 
3.347 3.335 3.346 

l ..**** 

Stl 

42 
*****I* 

26.33 
26.30 
24.83 
27.08 
27.16 

. ...**.< 
GD 

64 
l .****.< 

24.66 
26.51 

%:i 
25:40 

3::: 
24.03 

:i::: 

::% 
23175 

::::: 

10.17 
9.73 

.x 
7186 

6.131 
6.154 
4.656 

! :  At; 

I . . . . . .  . ..**C*.**~**.**C***. 
HO RI LU TA 

47 69 71 73 
,.I.... l .  .  .  ..****.*...**...* 

23.18 22.48 22.08 21.86 
24.18 23.70 23.10 22.48 
24.74 24.30 23.72 23.30 
26.07 24.64 24.07 23.66 
26.20 24.78 24.23 23.82 

l +.**** 

RE 
76 

IR AU 
77 79 

. ...***.****** 
. -  

. . I . . . .  

21.30 20.53 20.27 
22.32 21.68 21.28 
22.96 22.20 21.92 
23.31 22.68 22.29 
23.49 22.78 22.49 

1*.***** 

PB 
a2 

i******* 
20.04 
21.04 

::*:: 
22:23 

~1,....1 l .**...  

BI nl 

83 90 
s*..**** *I***** 

:x: 
21172 

3% 

20178 
22.09 21.13 
22.28 21.31 

26.20 24.80 24.26 
26.11 24.73 24.21 

;;A; 

24.96 24.60 24.03 23170 
24.79 24.42 23.32 23.66 
24.64 24.21 23.73 23.36 

23.54 

~~:: 
23: 25 
23.07 

22.84 22.67 22.30 
22.84 22.66 22.29 
22.74 22.48 22.21 
22.83 22.36 22.08 
22.47 22.20 21.93 

22.36 
22.33 

::-:: 
21:37 

23.73 23.27 22.92 22.46 22.08 21.83 
23.20 22.77 22.43 22.17 21.64 21.40 
22.66 22.26 21.92 21.6Q 21.17 20.96 
22.12 21.73 21.42 21.19 20.70 20.49 
21.60 21.22 20.92 20.70 20.24 20.03 

21.55 

:z: 
20:21 
19.76 

m.44 
20.23 
19.80 

:Zi 

20.31 2Q.12 19.79 13.52 19.33 
I8.19 18.04 17.76 17.53 17.37 
16.61 16.38 14.14 16.94 16.80 
16.14 16.03 14.82 14.64 14.52 
14.01 13.32 13.73 13.67 13.46 

18.92 18.74 
17.03 yg 
16.61 
14.24 14117 
13.22 13.14 

18.48 

:x 
13:SS 
12.34 

18.62 17.71 
16.49 16.97 
16.20 14.66 
13.99 13.39 
12.98 12.43 

12.99 12.81 12.66 
12.19 12.03 11.83 
11.60 11.36 11.22 
10.90 10.77 10.64 
10.37 IO.26 10.13 

~~~ 9.91 9.78 9.48 

8:81 
8.21 
7.70 

12.35 12.28 
11.40 11.65 
10.38 10.31 

'"9% 1o*36 9.84 

9.46 9.42 
3.06 9.03 

tiz 
8.36 

7134 
7.79 
7.32 

12.09 

:% 
10:19 

9.70 

12.12 

:k% 
10:21 

9.73 

9.27 
8.89 
8.22 
7.67 
7.21 

9.30 
8.91 

t:t% 
7.23 

“,% 
7191 
7.38 
4.93 

;A:: 
4:474 

6.002 5.064 6.940 6.004 6.877 4.963 
4.479 4.429 4.343 

4.077 4.079 4.034 3.976 
3.782 3.786 3.743 3.490 

6.841 
4.323 

h% 
3:483 

6.741 6.746 
4.869 4.844 
4.308 4.276 
3.926 3.898 
3.844 3.819 

:: E 
4.208 
3.836 
3.662 

6.672 
4.786 
4.222 

ES 

6.446 
4.722 

f%i: 
3: 647 

3.666 3.669 3.620 3.470 3.464 3.429 3.406 
3.378 3.381 3.346 3.298 3.291 3.268 
3.234 3.238 3.203 3.168 3.152 3.121 

3.:3$ 
. 

3.362 

2 E!  

3.363 
3.196 
3.082 

3% 
31037 

++*..* 

S2” 
l ..**. 

:t:ti 

20.64 

::::t 

21.12 
21.11 

iA::: 
20.74 

:8% 
19: 68 

:;::!i 

11.61 
10.82 
10.22 

9.70 
9.24 

8.84 

%a 
7132 
4.87 

6.400 

t%z 
31703 
3.433 

3.237 

4% 

s% 
50 

I*.*“.. 

:i::: 

%rs 
29:73 

“6:: 
t:i 

84 
1o:o 

:::: 

15.0 

:s 

zi: 

it?: 

Es 
0o:o 

66.0 
70.0 

ES 
100.0 

150.0 

EZ::: 

E:: 

400.0 

iSto” 

22.91 

%SS 
14177 
16.47 

14.33 
13.47 

:: % 
11:ro 

10.87 
10.40 

X*8S 
8:34 

4.507 
5.474 
4.646 

t:;:: 

3% 
31486 

21.43 
13.13 
17.31 
16.86 
14.66 

10.71 10.36 
10.26 9.91 

3.46 9.16 
8.81 8.52 
8.24 7.39 

6.437 
6.406 

a.:::: 
3:375 

6.234 
6.238 
4.402 
4.183 
3.885 

3.736 

3% 

3.662 
3.469 
3.321 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAJGE II UEITS OF ffi/Sq 01 
106 

PD IOPS 
46 

E/P BE 
ec 12 

FE AL SI CA n CR FE II W GE SE SR 26 no Rs 
4 13 14 20 22 24 28 28 29 32 34 38 40 42 46 47pG 

**,**,**********...**.***.****.**..*.**.*.***.*.*....*.*.~.*.~*****.*.****~**.**.******~*..***..*****...***.....***~.*****.*******~~ 

:*: 
3:s 

5.330 6.922 6.110 6.789 7.210 6.066 7.190 8.088 7.080 7.944 8.417 9.394 10.240 9.110 10.778 9.692 11.170 9.960 10.330 11.680 10.660 11.993 11.290 12.709 11.670 13.162 12.180 13.719 12.380 13.937 12.687 14.203 12.971 14.783 13.310 16.041 
8.637 8.439 9.929 8.990 8.934 10.373 11.389 11.964 12.382 12.818 13.212 14.103 14.832 16.232 16.487 15.788 18.606 18.736 

t:: 7.176 7.839 7.126 7.830 10.706 9.808 10.844 9.908 10.869 9.738 11.380 12.382 12.506 13.866 13.138 14.336 13.698 14.924 14.067 16.304 14.631 16.867 16.607 18.912 18.097 17.688 18.738 19.247 18.988 18.612 17.383 18.938 19.928 18.221 20.091 la.414 

E 9.246 a.628 9.302 9.666 11.821 12.680 11.801 12.779 11.697 12.667 13.3a2 14.420 14.821 16.010 18.779 16.647 18.088 17.327 18.684 17.641 17.197 18.566 la.329 19.784 19.048 20.646 19.787 21.302 20.048 21.594 20.621 22.119 21.831 23.342 21.776 23.471 
::: 10.768 9.987 10.071 10.883 13.620 14.604 13.780 14.806 13.638 14.642 18.680 16.479 17 113:462 219 IS:309 la 033 18 19'911 808 19 20'466 ljs 21'331 19 932 21 22'894 218 22 23'699 081 22 24'429 a66 23 24'747 180 23 26'387 733 26 28'803 086 28'916 76 la3 

7.0 11.662 11.876 16.611 16.863 16.689 17.883 19.709 20.808 211237 21:794 22:763 24:193 2S:lSO 28:028 X:368 27:023 28:66a 2a:88Jl 

E 13.21 16.00 13.38 16.17 17.80 19.78 18.02 20.29 17.89 19.91 19.94 22.31 14.98 22.30 23.28 28.06 23.98 28.79 14.64 27.39 26.87 28.89 30.44 27.27 31.88 28.38 32.88 19.29 19.84 33.03 33.89 30.41 36.79 32.13 31.24 36.92 
10.0 18.88 17.08 22.06 22.88 22.22 24.77 27.76 28.93 29.72 30.33 31.81 33.72 36.08 38.13 38.63 37.48 39.66 39.71 
11.0 la.88 19.03 24.43 26.12 24.83 27.32 30.87 31.91 32.76 33.38 36.04 37.11 38.68 39.72 40.13 41.17 43.40 43.80 
12.0 20.94 21.10 28.89 27.88 27.13 29.97 33.87 36.00 36.88 38.62 38.37 40.81 42.21 43.41 43.85 44.98 47.38 47.81 

16.0 27.78 27.86 34.68 36.96 36.18 36.49 43.18 44.87 46.90 48.68 49.01 61.77 63.78 66.16 56.84 67.08 69.88 80.30 
20.0 41.10 40.83 49.98 61.81 50.42 64.60 61.31 93.36 84.63 66.30 68.83 22.62 75.22 76.93 77.49 79.38 82.87 83.70 
26.0 68.71 66.91 87.27 89.63 97.86 72.73 al.81 84.31 86.83 a8.48 91.21 96.92 99.39 101.39 102.01 104.40 108.61 109.87 
30.0 74.61 72.99 98.70 89.83 87.38 93.09 104.65 107.84 109.41 109.97 118.08 121.88 128.16 128.45 129.12 132.03 136.72 138.71 
36.0 94.43 92.00 108.17 111.83 108.94 116.61 129.76 133.27 136.29 136.76 143.29 160.28 155.47 168.03 168.74 182.17 167.44 170.14 

2: 
6o:o 

116.4 140.3 112.9 136.6 131.8 167.0 138.1 182.3 132.6 167.9 139.9 188.3 167.1 186.6 161.1 191.1 163.4 193.7 183.7 193.8 204.6 172.8 214.2 181.1 221.4 187.2 190.1 224.6 190.8 194.8 200.6 204.1 
226.2 229.7 236.1 240.6 188.1 169.9 184.2 190.4 186.2 194.6 218.1 223.3 126.0 128.0 236.8 249.6 267.8 261.2 
281.9 287.0 274.0 279.2 

66.0 193.9 188.1 213.3 220.4 214.3 224.6 261.8 267.4 260.6 280.2 274.7 287.2 298.8 300.1 300.9 308.6 314.1 320.3 
80.0 223.4 213.8 244.1 262.2 246.1 268.4 287.2 293.8 196.9 296.4 312.9 327.0 337.6 341.3 342.0 348.3 368.4 383.6 

86.0 264.8 243.2 278.8 286.8 277.7 290.0 324.8 331.7 336.3 334.6 363.1 388.8 380.6 394.8 386.3 392.1 400.9 409.2 
70.0 187.8 274.2 310.9 321.2 311.9 326.2 384.0 371.7 376.6 374.6 396.3 412.7 425.8 430.0 430.7 438.2 

340.7 413.1 
447.5 466.9 

z:: 369.0 438.7 484.1 384.3 398.9 479.2 386.4 486.2 400.8 482.8 446.2 639.6 457.4 660.2 481.7 666.1 480.0 662.8 486.4 683.1 808.1 608.6 826.9 622.4 831.8 627.0 832.2 627.6 638.4 648.9 668.6 
842.4 864.3 688.3 

100.0 620.7 491.2 660.0 687.8 661.0 671.0 637.7 849.9 866.3 862.0 887.9 717.0 739.0 744.3 744.6 768.1 769.3 786.8 

160.0 1027.9 96G.8 1084.8 1098.3 1086.2 1097.9 1123.8 1244.6 1262.7 1243.6 1311.4 1364.8 1406.6 1412.0 1411.0 1430.1 1461.3 1481.3 
100.0 1886.4 1646.2 1704.8 1758.4 1708.2 1762.3 1961.0 1982.9 1992.1 1974.7 20a2.3 1148.6 2218.1 2237.2 2234.0 
260.0 

2281.8 2279.0 2337.0 
2412.8 2224.2 2447.7 2626.4 2466.7 2611.3 2794.9 2847.1 2848.1 2820.5 2974.3 3064.4 3162.7 3193.0 3186.9 3229.4 3233.5 3316.7 

300.0 3261.0 2984.6 3279.3 3383.7 3294.6 3369.9 3738.0 3823.4 3803.9 3784.5 3989.8 4086.8 4198.0 4268.7 4248.9 
360.0 4188.9 3816.6 

4308.1 4297.4 4426.4 
4188.1 4321.7 4210.7 4288.6 4767.4 4892.2 4846.7 4794.1 5064.9 6188.4 6337.7 6419.9 5402.9 6483.1 5468.2 6824.8 

400.0 6168. 4709. 6186. 6330. 6196. 6282. 6873. 8038. 6966. 6899. 6219. 8362. 6662. 6886. 6842. 6742. 6698. 6909. 
460.0 6867. 8201. 6400. 8239. 8337. 7046. 7263. 7162. 7069. 7462. 7808. 7868. 7984. 
500.0 

;:Nt3: 7964. 9078. 6014. 8168. 
8864. 7290. 7624. 7337. 7446. 8276. 8628. 8398. 8298. 8747. 8924. 9217. 9388. 9332. 9476. 9396. 9694. 

11..***.**1****+.*.*****~*********.***.***.~****~.....*....*...*******.*.*.*~.*.**..*....***.*~~*~.*..**.*.*~*..****~..*.~.**~.**~~~ 
E/A .SJ TE BP LA PR SH CD HO IT4 LU TA RE I6 AU P6 BI T6 U 

60 62 68 67 69 62 64 87 89 71 73 76 77 79 82 83 90 92 
*~*.**********+++*.*******.***.**********.*.**..*..*....**.***~~******~*****.***...*****~***..***..************.***.****.*.**..*..*. 

::i 13.98 16.83 14.61 18.44 16.67 17.81 16.97 17.89 18.67 18.60 17.42 19.47 20.04 17.93 20.82 18.69 18.98 19.37 19.76 20.18 20.60 20.98 21.48 21.88 23.22 23.72 
21.26 11.71 22.16 22.60 23.11 23.53 

3.6 17.83 18.33 19.49 19.77 
24.06 24.23 26.91 26.43 

20.39 21.46 22.10 12.99 23.47 23.97 24.46 24.94 26.63 
4.0 19.42 

26.98 28.63 28.70 18.49 29.06 
20.20 21.38 21.82 22.26 23.43 14.12 26.11 26.63 26.16 28.71 27.23 27.90 28.37 

4.6 21.20 22.07 23.12 23.47 
28.98 29.12 31.02 31.60 

24.11 26.38 28.13 27.22 27.78 18.38 28.94 29.60 30.23 30.74 31.35 31.61 33.61 34.13 

6.0 22.99 23.93 26.09 26.32 26.97 27.33 18.14 19.32 29.92 30.66 
::: 24.78 28.80 

31.18 31.76 32.66 
26.81 27.71 28.98 28.86 27.18 29.08 27.83 29.72 

33.09 33.73 33.88 35.00 38.64 
31.27 2S.30 30.16 32.18 31.43 32.06 32.75 33.38 34.00 34.87 36.44 38.11 36.26 38.48 39.16 

33.66 34.20 
78:: 30.28 28.43 29.82 31.68 30.78 32.70 

34.94 36.61 
32.88 Jo.98 31.81 33.53 

38.28 37.20 37.79 
33.28 36.27 

38.49 38.83 40.98 41.67 
34.23 36.68 38.38 37.16 37.88 39.64 39.63 40.16 40.88 41.02 43.46 44.19 
38.29 37.83 38.64 39.38 40.12 40.82 41.88 42.63 43.29 43.42 46.97 48.74 

8.0 34.08 36.60 38.84 38.79 37.44 39.37 40.49 42.19 42.97 43.89 
9.0 37.94 

44.70 46.46 
39.66 4G.68 400.81 

48.84 47.36 
41.45 43.66 

48.17 49.29 51.06 61.89 
44.79 48.68 47.48 48.49 

10.0 41.94 43.71 
49.37 60.19 

44.83 44.93 46.67 47.88 
61.49 62.26 63.14 63.24 66.26 67.13 

49.20 61.22 62.11 11.0 63.20 64.16 48.04 47.99 49.10 49.17 66.02 68.44 67.18 49.80 62.27 68.21 58.31 81.65 82.49 
63.72 66.91 66.84 68.02 

12.0 60.18 
69.04 69.97 

62.38 63.49 63.63 64.14 
61.60 62.37 

56.80 
83.39 63.48 88.96 67.96 

68.36 80.70 81.89 62.98 84.06 86.03 66.68 87.131 8S8.70 88.77 72.50 73.58 

16.0 83.81 88.29 67.38 87.31 87.87 71.10 72.99 76.82 78.95 78.49 79.80 
20.0 99.20 91.88 92.91 92.87 

90.93 
93.07 97.32 

82.94 94.02 86.34 85.36 89.87 91.12 
99.79 103.43 104.81 26.0 116.86 108.80 108.49 120.43 121.40 120.94 121.16 109.90 112.61 126.49 113.86 116.80 129.68 116.67 121.43 123.02 

134.08 30.0 146.89 136.68 138.14 161.88 162.74 162.08 140.23 141.93 162.02 168.62 146.18 148.75 148.99 148.89 158.26 168.20 
182.28 187.83 189.49 36.0 178.82 168.08 188.8’1 172.44 174.98 186.82 186.80 178.98 180.85 193.33 182.88 185.47 185.28 194.26 198.59 197.80 

204.06 208.16 209.83 212.81 214.91 219.48 221.56 224.94 224.85 235.37 238.11 

it: 214.4 262.4 223.0 282.8 283.1 223.7 261.8 222.6 221.8 280.8 230.8 271.0 238.1 243.3 146.6 249.6 263.1 256.7 281.0 293.3 
277.0 

287.3 288.9 279.5 282.7 
266.2 287.8 

6o:o Et: 

293.0 304.7 192.3 298.3 306.1 299.3 303.3 301.8 313.7 305.3 307.8 312.8 312.1 328.8 330.2 320.6 
329.7 332.6 

338.0 391.3 
337.7 

349.3 398.4 349.8 398.6 347.4 393.9 
342.2 346.6 

346.6 391.6 368.9 408.6 
362.3 366.1 360.6 369.9 376.6 380.6 

368.8 378.8 379.9 386.7 390.7 394.4 402.0 406.0 
416.1 

411.2 410.5 429.3 433.9 
428.4 429.7 436.1 441.8 446.8 454.2 467.5 494.6 483.7 484.7 489.9 

%:: 428.9 478.8 446.6 497.8 446.7 497.3 442.8 493.8 439.8 490.4 468.6 608.8 468.0 476.4 482.0 489.1 496.3 499.7 509.0 512.5 
619.3 

520.5 519.4 542.9 548.5 
638.7 

1oo:o k2i.g 

686.1 807.9 632.8 807.2 644.6 651.3 666.1 803.0 698.2 820.3 688.3 832.8 570.0 678.9 677.7 803.6 0~39.8 
646.8 863.1 

699.6 822.8 728.9 864.4 
882.2 870.4 878.0 

726.7 862.7 720.8 648.8 714.4 838.6 740.4 669.0 
088.1 

766.1 
892.1 703.0 

773.4 Tf8.6 
701.5 732.7 740.0 

789.0 798.6 806.1 619.1 
996.9 

823.6 838.6 834.7 871.5 880.1 
900.8 912.5 914.8 936.8 943.0 969.1 984.0 979.3 977.0 1019.8 1029.7 

160.0 1649. 
leoa. ::F 

1691. 

EE 

2443. 2636. 

3803: 4.909. 

2609. ::z ;aL 1668. 1693. 1702. 1723. 1742. 1766. 1783. 

X: 

1790. 1818. 

FE!. 
2870. 

1814. 1891. 1909. 

3478. 38G6. 4796. %%* 
2700. 

g7;: 
2749. 2790. 

%c 
2a44. 2837. 

3789. 
2933. 

3oo:o 3831. 
360.0 EC?: 

4021. 4118. :;2 
6090. 8118. 8G70: 

$6: 
6996: 

384s: 4e66. 
6019' 6030. 8171. 3. 8370: 6087. 6161. 

Et. 
8684: 

Et 
884a: 6271: 

is::. 
6466. 6587. 

. 8381. 8463. 6637. 8884. 
8790: :E: 

8897. 7076. 

7478. 7618. 7476. 7371. 7679. 7era. 7817. 7827. 7915. 8020. 8060. 8149. 8198. 8328. 8300. 8439. 8686. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

107 
ELECTROIIC STOPPIIC POVER II UIITS OF REV/(HG/SQ QI) AC Ions 

47 

E/P BE 
oc 12 

n2 AL SI CA T I  CR FE EI W GE SE SR zn HO FL4 
4 13 14 20 22 24 26 28 29 32 34 36 40 42 46 4P 

*..l.***..C**+l****.****.**...*~***~**..*~*..~****.**....**....*.*****..****~...*********.***.**********.*..******~**.*.*.*.**~**~.* 
2.6 93.69 82.76 93.71 80.78 81.63 66.43 47.81 46.67 44.17 43.01 40.31 37.84 36.92 34.81 34.39 33.10 29.94 30.86 
3.0 90.01 61.98 83.41 90.68 61.44 66.72 48.24 44.13 44.80 43.79 41.09 38.66 36.78 36.70 36.30 y1.04 30.84 31.81 
3.6 87.32 90.40 62.66 69.83 60.77 66.42 48.12 4'3.12 44.88 43.99 41.31 38.93 37.12 30.08 35.69 34.47 31.61 32.29 
4.0 84.03 78.43 61.43 66.80 69.80 64.77 47.67 46.78 44.62 43.84 41.19 38.87 37.13 38.13 35.77 34.68 31.84 32.46 
4.6 60.08 76.32 90.16 67.63 68.67 63.94 47.04 46.26 44.16 43.47 40.87 38.61 39.93 36.97 36.63 34.49 31.96 32.42 

6.0 77.90 74.18 68.84 69.40 67.46 63.00 46.30 44.60 43.67 42.98 40.41 38.22 39.60 35.69 36.36 34.26 31.90 32.24 
6.6 76.10 72.07 67.60 66.16 66.23 62.01 46.61 43.89 42.91 42.38 39.88 37.76 30.18 36.31 36.01 33.94 31.74 31.98 

82 
7:o 

72.49 70.06 98.06 70.03 SO.18 64.88 63.91 62.69 66.00 63.79 60.00 61.00 44.69 43.86 43.14 42.38 42.22 41.61 41.74 41.08 38.68 39.29 37.23 36.66 36.21 36.71 34.87 34.41 34.69 34.14 33.67 33.16 31.61 31.23 31.66 31.30 
67.79 98.19 63.63 61.61 62.62 49.00 43.03 41.62 40.79 40.41 38.06 36.11 34.69 33.92 33.67 32.72 30.91 X.92 

1o:o 2: 
63.68 62.71 61.27 49.28 SO.38 47.08 41.42 40.12 39.37 39.07 39.82 34.97 33.63 32.93 32.70 31.81 30.20 30.11 
90.07 66.69 69.68 66.76 49.09 47.09 47.21 46.31 48.31 46.40 43.60 46.28 39.90 38.47 38.70 37.36 36.00 38.71 37.76 36.62 36.61 34.46 33.86 32.78 32.69 31.68 31.94 30.98 30.80 31.74 30.90 30.01 28.71 29.46 28.47 29.28 

11.0 64.06 64.21 46.26 43.67 44.64 42.04 37.13 36.09 36.60 36.36 33.36 31.76 30.62 30.00 29.90 29.16 27.98 27.69 
12.0 61.63 61.90 43.67 41.96 43.01 40.69 36.89 34.91 34.36 34.24 32.32 30.79 29.71 29.19 29.04 28.34 27.28 26.93 

:i:: 46.32 36.01 48.12 39.13 39.24 33.84 37.84 32.67 36.83 33.68 38.82 32.02 32.64 28.46 31.81 27.80 31.36 27.46 31.31 27.48 29.69 26.98 28.22 24.83 27.27 24.03 26.84 23.71 26.73 23.64 28.13 23.16 26.29 22.64 24.89 22.11 
26.0 32.94 34.19 29.90 28.88 29.71 28.46 26.34 24.79 24.61 24.67 23.24 22.24 21.64 21.30 21.26 20.86 20.38 19.96 
ii?:: 29.20 26.32 30.49 27.61 24.49 20.88 26.98 23.69 26.76 24.40 26.69 23.49 22.91 20.97 20.66 22.44 22.21 20.37 22.29 20.46 21.10 19.36 20.21 18.68 19.69 18.00 19.39 17.84 19.36 17.02 19.01 17.62 18.64 17.20 16.81 18.22 

40.0 24.03 26.30 22.66 21.82 22.48 21.68 19.38 19.01 18.86 18.94 17.94 17.20 16.69 16.68 16.66 18.28 16.01 16.84 
46.0 22.16 23.41 20.94 20.27 20.89 20.18 18.06 17.72 17.67 17.87 16.74 16.06 16.69 16.47 16.47 16.23 14.99 14.64 
60.0 20.69 21.82 19.68 18.95 19.64 18.90 16.92 16.61 16.49 16.69 16.71 16.08 14.84 14.66 14.66 14.33 14.12 13.79 
66.0 19.27 20.46 18.41 17.83 18.38 17.90 16.94 16.66 16.66 16.66 14.83 14.24 13.83 13.76 13.76 13.66 13.36 13.06 
00.0 18.13 19.30 17.40 16.86 17.38 16.96 16.10 14.84 14.73 14.83 14.06 13.60 13.11 13.04 13.06 12.86 12.69 12.40 

66.0 17.16 18.29 16.61 16.99 16.60 18.01 14.36 14.11 14.01 14.11 13.38 12.86 12.48 12.42 12.43 12.26 12.10 11.92 
70.0 16.28 17.39 16.73 16.24 16.72 16.26 13.69 13.46 13.37 13.47 12.77 12.27 11.92 11.87 11.88 11.72 11.67 11.31 
00.0 14.83 16.88 14.40 13.96 14.40 14.00 12.66 12.36 12.29 12.38 11.74 11.29 10.97 10.93 10.94 10.80 10.67 10.43 
90.0 13.66 14.66 13.32 12.91 13.32 12.96 11.64 11.46 

;;L;; 
11.49 10.90 10.04 9.92 9.70 

100.0 12.69 13.66 12.42 12.04 12.43 12.10 10.87 10.71 10.76 10.19 lOg..ll . '"9.;; '"9,;: '"9::; 9.40 9.29 9.10 

:E: 
260:0 

7.93 9.61 10.41 8.71 9.61 7.96 73: 
6:79 

9.62 7.91 7.79 9.30 ;:il; 8.26 6.88 0.90 8.22 8.30 6.98 6.82 7.88 7.69 8.62 7.37 
E 

7.36 6.17 7.38 6.20 6.12 7.30 7.22 6.18 7.09 6.96 
6.96 7.68 7.00 6.94 6.96 6.17 6.99 6.09 6.16 6.84 6.76 6.46 6.49 6.39 6.48 6.29 

300.0 6.29 8.94 6.34 6.16 6.29 6.22 6.60 6.62 5.69 6.31 6.22 6:06 4.96 4.98 4.90 4.97 4.80 
360.0 6.80 6.40 6.86 6.68 6.81 6.76 6.17 

Ei 
. 6.11 6.18 4.91 4.83 4.68 4.69 4.61 4.64 4.60 4.45 

400.0 6.426 6.999 6.489 6.318 6.447 6.388 4.962 4.880 4.793 4.867 4.609 4.632 4.387 4.310 4.330 4.262 4.319 4.180 
460.0 6.133 6.681 6.199 6.036 6.160 6.106 4.699 4.440 4.644 4.606 4.371 4.297 4.180 4.089 4.109 4.046 4.099 3.966 
600.0 4.899 6.426 4.966 4.810 4.930 4.879 4.396 4.248 4.344 4.404 4.181 4.108 3.978 3.911 3.931 3.870 3.921 3.797 

E/A SH 
60 

l ..**.*..*..* 

2.6 28.96 
3.0 29.83 

3.: 
4:6 

30.33 30.63 
30.63 

Pn 
69 

******* 
27.61 
28.61 
19.06 
2S.29 
29.34 

CD 
04 

. . . . . ..I 
26.14 
26.16 
26.72 
27.01 
27.10 

RI 
69 

a*.*.*, 
23.22 
24.28 
24.92 
26.28 
26.46 

IA RE In AU PB BI In 
73 76 77 79 82 83 90 s2" 

~.*****1 1.**..1 L.**.**.**l.*.*.**.*~***.**...~.**.*.***** 
22.18 21.81 21.02 20.76 20.62 20.68 19.72 19.49 
23.24 22.88 22.10 21.81 21.67 21.62 20.70 20.46 
23.89 23.63 22.77 22.47 22.22 22.27 21.31 21.06 
24.26 23.92 23.17 22.87 22.61 22.66 21.68 21.42 
24.46 24.11 23.39 23.09 22.82 22.87 21.87 21.62 

6.0 30.40 29.09 29.12 29.33 29.26 27.83 27.07 26.88 26.48 24.92 24.61 24.19 23.48 23.19 22.90 22.96 21.96 21.69 

z 30.19 29.91 28.89 28.63 28.92 28.67 29.13 28.87 29.07 28.84 27.69 27.48 26.96 26.76 26.80 26.66 26.29 26.42 24.98 24.76 24.47 24.37 24.16 24.06 23.47 23.40 23.18 23.11 22.90 22.83 22.96 22.88 21.94 21.87 21.69 21.62 

;:: 29.69 29.24 28.34 28.01 28.06 28.37 28.24 29.67 28.66 28.24 27.24 26.99 26.63 26.29 26.26 26.47 26.12 24.91 24.80 24.41 24.22 24.03 23.91 23.74 23.27 23.12 23.00 22.84 22.71 22.66 22.76 22.60 21.76 21.60 21.50 21.36 

8.0 28.61 27.32 27.36 27.66 27.69 26.39 26.70 24.74 24.43 23.96 23.69 23.31 22.73 22.47 22.18 22.23 21.24 21.00 
9.0 27.76 26.61 26.66 26.83 20.88 26.72 26.09 24.19 23.90 23.46 23.10 22.84 22.29 22.04 21.76 21.80 20.83 20.60 

10.0 27.00 26.90 26.94 26.12 26.19 26.08 24.48 23.62 23.36 22.93 22.60 22.36 21.92 21.69 21.30 21.36 20.40 20.17 
11.0 26.29 26.21 25.26 26.43 26.61 24.46 23.87 23.06 22.81 22.41 22.08 21.86 21.36 21.12 20.84 20.89 19.96 19.74 
12.0 26.68 24.65 24.69 24.70 24.86 23.83 23.29 22.61 22.28 21.89 21.68 21.36 20.99 20.99 20.39 20.43 19.63 19.31 

16.0 23.67 22.73 22.77 22.94 23.06 22.14 21.64 20.96 20.78 20.43 20.16 19.96 19.64 19.36 19.08 19.13 18.29 18.09 
20.0 21.06 20.24 20.29 20.44 20.67 19.79 19.36 10.82 19.66 18.37 18.13 17.97 17.61 17.47 17.22 17.26 16.61 16.34 
26.0 19.02 18.29 18.34 18.47 18.61 17.93 17.66 17.09 16.96 16.71 16.60 16.36 18.06 16.94 16.70 16.74 16.06 14.91 
30.0 17.39 16.73 16.77 16.90 17.04 16.43 16.10 16.69 16.68 16.36 16.17 16.04 14.77 14.69 14.46 14.49 13.87 13.74 
36.0 16.06 16.46 16.49 15.61 16.76 16.19 14.89 14.63 14.44 14.24 14.07 13.96 13.71 13.63 13.42 13.46 12.89 12.76 

40.0 14.93 14.38 14.42 14.63 14.67 14.16 13.80 13.66 13.47 13.29 13.14 13.04 12.91 12.74 12.66 12.68 12.06 11.94 
46.0 13.99 13.47 13.61 13.62 13.76 13.28 13.03 12.73 
60.0 13.18 12.69 12.73 12.83 12.96 12.62 12.29 12.01 

;:.tJ; 12.49 12.34 12.26 12.06 11.99 11.80 11.83 11.34 11.23 

11:33 
11.79 11.66 11.67 11.38 11.33 11.16 11.18 10.62 

66.0 12.47 12.01 12.06 12.16 12.28 11.96 11.64 11.39 11.10 11.06 10.98 10.80 10.76 10.69 
Kd: 

10.08 
60.0 11.96 11.42 11.46 11.66 11.67 11.28 11.08 10.94 10.78 10.66 10.63 10.46 10.29 10.26 10.09 ;fM; 9.70 9.61 

86.0 
70.0 

2: 
100: 0 

11.30 10.89 10.93 11.02 
10.81 10.42 10.46 10.64 

9.98 9.61 9.66 9.73 
9.29 9.96 8.98 9.06 
8.70 8.39 8.42 8.49 

160.0 6.782 
200.0 6.708 
260.0 6.064 
300.0 4.698 
360.0 4.262 

400.0 4.004 
450.0 3.801 
600.0 3.636 

FE:: 
41681 

t% 
41927 

4.441 4.392 
4.116 4.073 

EPf 
3:614 

3.828 3.841 3.899 
3.636 3.648 3.703 
3.480 3.492 3.646 

::.z 
9184 
9.17 
8.60 

x; 
41941 

;.g; 
4:801 

4.473 4.371 
4.149 4.064 

3.812 

YiE 

10.67 
'"9.;: 

10.30 10.06 9.99 9.93 9.79 9.64 9.66 9.27 9.18 
10.12 

9116 
9.86 %75 9.64 9.67 9.42 9.39 

9.36 9.12 9.01 8.91 8.86 8.72 8.69 
2:: 9.26 8.89 8.81 

8.6t? 8.23 0.16 
8.71 9.64 8.60 8.41 6.32 8.26 8.14 8.11 7:se 8.01 7.68 7.61 
8.17 8.02 7.99 7.90 7.81 7.76 7.66 7.62 7.60 7.62 7.22 7.16 

6.390 6.279 5.266 6.190 6.126 6.087 6.004 6.988 6.894 6.912 5.676 6.628 
6.376 6.288 5.270 6.218 6.164 6.133 5.067 6.061 4.976 4.990 4.924 4.764 
4.763 4.669 4.672 4.620 4.661 4.643 4.493 4.480 4.389 4.404 4.373 4.234 
4.328 4.263 4.266 4.209 4.148 4.141 4.098 4.067 4.003 4.016 3.987 3.863 
4.014 3.946 3.949 3.906 3.86t 3.843 3.803 3.776 3.71' 3.729 3.707 3.698 

3.773 3.711 3.714 3.674 3.622 3.616 3.678 3.663 3.499 3.609 3.482 3.376 
3.684 3.626 3.629 3.491 3.442 3.435 3.401 3.378 3.326 3.336 3.309 3.212 
3.431 3.376 3.379 3.343 3.296 3.290 3.268 3.236 3.186 3.196 3.169 3.078 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

WA 

.*.*..+ 

::t 
3.6 
4.0 
4.6 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

IO? 
RAlGE 11 UNITS OF m;/S'J Q4 AC IOlS 

47 

BE n2 AL SI CA 
4 2 12 13 14 20 

**.*,**++...***.~I*.*.*.~**.~..*.**~*.*..~ 
6.280 6.080 7.160 7.130 7.000 8.341 
6.880 6.709 7.991 8.011 7.449 9.302 
4.442 4.387 8.840 8.899 8.744 10.244 
7.084 7.041 9.703 9.801 9.431 11.236 
7.736 7.732 10.683 10.720 10.636 12.219 

TI 
22 

,.**..*, 
9.030 

10.143 

::% 
13:49s 

CR 
24 

.****... 
9.612 

10.678 
11.837 
13.001 
14.174 

FE II al GE SE SR 20 HO ia 
24 28 29 32 34 3.3 40 42 46 4:" 

~,**.**.+.**C****..~.*****.****..*~**...****~***.*~**.*~.....********* 
8.870 10.240 10.440 11.180 11.680 12.071 12.270 12.474 12.866 13.190 

11.071 11.471 11.773 12.677 13.030 13.684 13.903 14.053 14.422 14.896 
12.263 12.489 13.070 13.966 14.476 16.076 16.309 16.626 16.336 16.663 
13.468 13.906 14.344 16.329 16.916 16.666 16.806 17.177 18.024 18.216 
14.463 16.132 16.670 14.710 17.361 18.040 18.304 18.726 19.700 19.863 

i?: 8.410 9.109 9.176 8.443 12.402 11.482 11.868 12.617 11.464 12.397 13.219 14.238 14.444 16.810 16.367 16.676 16.883 17.120 17.623 16.369 16.986 18.319 18.102 19.610 20.286 18.816 19.633 21.040 21.331 19.810 21.849 20.281 21.376 23.066 21.618 23.183 

::i lo:686 9 834 10'703 9 928 
II:600 

13 14'306 343 
16:293 

14'602 13 698 
16:629 

13.369 14 343 
16:348 

16.277 16 336 
171417 

16.996 18.204 17.806 19,066 18.377 19.466 20.187 18.896 19.470 21.042 22.386 20.937 21.774 23.282 24.109 22.644 22.888 24.426 23.434 26.038 24.747 26,463 24.864 28.664 
7.0 11.342 19.434 20.3u) 20.966 21.600 22.437 23.866 24.813 26.676 20.003 26.662 28.176 28.283 

8.0 12.99 13.16 17.33 17.76 17.43 19.46 21.97 22.96 23.63 24.19 26.30 X.87 27.96 28.88 28.23 29.98 31.68 31.79 
9.0 14.72 14.91 19.47 19.97 19.60 21.98 24.40 26.SO 26.39 26.98 28.26 29.98 31.18 32.18 32.66 33.39 36.26 36.39 

10.0 16.66 16.76 21.49 22.29 21.86 24.37 27.33 28.48 23.26 29.86 31.31 33.19 34.61 36.68 36.97 34.90 38.94 39.10 
11.0 18.48 18.48 24.01 24.69 24.21 26.87 30.17 31.39 32.22 32.84 34.46 36.61 37.96 39.08 39.60 40.62 42.72 42.91 
12.0 20.61 20.70 26.42 27.20 2~3.66 29.46 33.10 34.41 36.29 36.91 37.72 39.93 41.60 42.70 43.13 44.24 44.69 46.83 

16.0 27.17 27.28 34.20 36.27 34.62 37.78 42.49 44.06 46.08 46.73 48.12 60.83 62.79 64.18 64.86 66.06 bS.83 69.24 
20.0 40.12 39.92 48.93 60.63 49.38 63.40 40.09 62.10 63.36 64.01 67.46 71.09 73.74 76.43 76.99 77.86 81.27 82.09 
26.0 66.29 64.69 66.78 67.99 6'3.36 71.17 80.06 82.62 84.02 84.84 89.28 93.89 97.30 99.28 99.90 102.24 106.27 107.41 
30.0 72.68 71.19 84.69 87.66 86.37 SO.99 102.29 106.24 106.98 107.63 113.47 119.17 123.38 126.64 126.31 129.16 133.76 136.70 
36.0 91.91 89.46 106.67 109.16 106.33 112.80 126.73 130.18 132.18 132.62 139.98 144.82 161.90 164.43 166.14 168.60 163.47 166.31 

40.0 113.2 109.9 128.4 132.7 129.2 134.6 163.3 167.3 169.6 169.8 168.7 176.8 182.8 186.6 184.3 190.2 196.9 199.3 

~~:: 161.6 136.4 131.9 166.6 1'19.4 163.0 186.6 168.2 163.9 180.4 189.5 162.1 212.6 181.9 186.4 217.6 220.4 186.9 220.4 189.1 232.6 199.6 209.0 243.4 261.4 216.0 219.0 264.7 219.8 266.6 260.6 224.2 230.6 267.3 234.7 272.4 
66.0 180.4 181.0 207.6 214.6 208.6 218.7 246.1 260.6 263.8 263.6 287.7 279.9 289.1 292.8 293.3 298.9 306.3 312.3 
60.0 217.0 207.9 237.6 246.6 238.4 249.6 279.6 286.9 289.2 268.7 304.8 318.6 328.8 332.6 333.3 339.4 347.4 364.4 

66.0 247.4 236.4 289.1 278.1 270.2 282.2 316.0 322.9 326.4 326.7 343.8 369.1 370.6 374.6 376.3 382.0 390.6 398.6 
70.0 279.4 266.4 302.3 312.4 303.4 316.6 364.2 381.8 366.6 304.6 384.7 401.8 414.6 418.7 419.3 426.7 436.8 444.9 

1oo:o 8,: 

348.4 330.9 373.6 386.8 374.6 389.8 436.9 444.8 449.1 447.6 472.2 492.8 608.2 612.7 613.3 621.9 632.2 643.6 

423.6 606.0 401.1 476.8 460.9 634.2 
486.6 462.0 449.3 624.6 634.8 639.6 637.2 666.9 691.2 409.6 614.4 (114.8 624.8 636.4 660.0 
661.6 636.2 664.9 419.6 631.6 636.8 633.6 888.6 696.8 718.2 723.4 723.7 736.0 747.9 763.9 

::"o:: 1612:g 996 0 1497;3 931 4 1032 1662'1 6 1086 170413 3 1033.2 1863.7 1086.1 1898.6 1167.2 1891.3 1207.6 1922.3 1216.6 1931.3 120-3.7 1914.6 1272.6 2018.8 1324.4 2083.2 1364.0 2148.8 1370.4 2169.3 1369.4 2168.3 1388.0 2193.2 1408.7 2210.0 1437.7 22613.3 

3OO:O 260 0 3147.0 2336.9 2890.2 2164:6 3176.7 237111 2448.4 3274.8 
2379.0 2433.1 2708.0 2768.6 2769.7 2733.0 2882.1 2969.9 3066.2 3094.3 3087.4 3129.6 5133.7 3223.1 
3190.4 3264.1 3620.4 3703.2 X.84.4 3646.4 3846.1 3938.2 4066.6 4126.4 4114.0 4173.4 4163.1 4288.2 

360.0 4034.8 3894.3 4064.8 4184.2 4076.8 4160.4 4816.2 4737.1 4693.2 4642.3 4894.9 6006.0 6169.0 6248.7 6232.3 6310.0 6284.2 6447.4 

400.0 4990. 4669. 4999. 6169. 6023. 6113. 6886. 6844. 6776. 6711. 8021. 4160. 
460.0 8006. 6474. 8002. 6194. 6039. 4134. 6819. 7020. 6923. 6843. 7214. 7363. 

g3;. 

600.0 7072. 6440. 7066. 7282. 7100. 7206. 8010. 8263. 8128. 8032. 8446. 8637. 8921: 

E/A 511 l-E RA LA Prl SK CD 
60 62 66 67 69 62 64 

..1.*+...*.~..*.*...**~.****.***.*..**~*****.**.~*******. 
2.6 13.86 14.37 16.63 16.83 16.42 17.26 17.77 
3.0 16..67 16.28 17.43 17.72 18.32 19.28 19.86 
3.6 17.46 18.14 19.29 19.66 20.18 21.26 21.88 
4.0 19.20 19.98 21.13 21.39 22.01 23.18 23.87 
4.6 20.96 21.81 22.98 23.20 23.84 26.10 26.84 

,****.* 
80 

67 
I****** 

18.42 
20.43 
22.76 
24.86 
26.32 

-m LU 
69 71 

1*****.* S.****** 
18.81 19.19 

:::;i :::Fi 
26.36 26.91 
27.47 28.08 

TA 
73 

l **.*.* 

19.68 
21.93 
24.20 
26.42 
28.82 

RE 
76 

.I.... 
19.99 

::::i 
26.94 
29.17 

* l 

Pg 
a2 

I****** 

"2:::: 
26.26 
28.63 
30.99 

92. 
l *.*.** 

i3.00 23.60 
26.66 26.17 
28.19 28.76 
30.48 31.26 
33.13 33.76 

6.0 22.71 23.86 24.79 26.02 26.66 27.02 27.82 28.99 29.67 30.21 x).80 31.38 32.17 32.70 33.33 33.48 36.67 36.22 
6.6 24.48 26.49 26.63 2S.86 27.60 28.96 29.80 31.06 31.67 32.36 32.98 33.60 34.46 36.01 36.66 36.81 38.01 B.68 

::: 28.26 28.06 27.36 29.23 30.38 28.49 28.70 30.66 29.36 31.21 30.89 32.84 31.79 33.80 33.14 36.23 33.78 36.91 34.61 38.68 36.17 37.38 36.81 38.04 36.73 39.02 37.32 39.44 38.00 40.36 38.14 40.49 40.46 42.91 41.16 43.64 
7.0 29.87 31.13 32.26 32.44 33.09 34.82 36.82 37.34 38.04 38.84 39.69 40.29 41.33 41.97 42.72 42.84 46.37 48.13 

8.0 33.68 36.00 36.12 36.28 36.33 38.83 39.94 41.62 42.38 43.29 44.09 44.84 44.00 44.69 47.60 47.42 60.37 61.18 
9.0 37.38 34.36 40.09 40.21 40.86 42.94 44.16 46.99 44.81 47.80 48.67 49.47 60.76 61.60 62.37 62.48 66.46 64.33 

10.0 41.29 43.04 44.16 44.24 44.89 47.16 48.47 60.47 61.34 62.42 63.36 64.21 66.60 66.41 67.34 67.44 60.84 61.68 

2:: 46.31 49.44 47.23 61.63 48.34 62.63 48.41 62.67 49.03 63.28 61.47 66.90 62.90 67.43 66.06 69.76 80.72 66.97 61.97 67.14 63.04 68.14 04.01 69.06 SO.66 86.43 81.42 88.64 62.42 07.61 42.60 67.68 66.94 71.36 46.94 72.42 

16.0 62.43 66.12 68.21 BB.16 66.70 49.89 71.74 74.63 76.66 77.16 78.44 79.66 81.63 82.69 83.89 83.93 88.36 89.69 
:?: 

3J:O 

113'27 8Q 60 

142173 

117'36 90 11 

148:68 

118 91.14 92 

149147 

118'48 90 31 

148:80 

118 91.32 70 

148:78 

123 96.43 94 

166:16 

124 97.92 98 

168:84 

131 101.60 38 

i44:OQ 

102.86 132.96 104.81 136.38 137.43 106.44 107.86 139.10 110.41 142.27 143.83 111.73 113.44 144.02 113.42 146.92 163.16 119.18 166.07 120.76 

166.91 168.81 171.28 173.24 177.04 178.84 181.67 181.39 190.20 192.60 
36.0 174.73 181.83 182.69 181.78 191.48 189.06 133.43 199.66 201.62 206.02 207.94 210.19 214.67 216.70 220.01 219.74 230.24 232.94 

40.0 209.4 217.8 218.6 217.3 214.7 226.6 230.7 237.7 240.0 243.9 247.3 249.9 266.1 267.3 261.3 280.9 273.2 276.3 
46.0 246.4 266.3 266.9 266.4 264.4 264.6 270.6 279.6 281.0 286.6 289.4 292.3 298.2 300.4 306.3 304.8 319.0 322.6 

it: 286.8 327.6 340.4 297.2 340.3 2S7.7 338.8 296.9 334.9 294.6 304.1 360.0 367.6 312.8 321.7 367.6 370.8 324.6 329.6 376.2 334.0 381.1 337.2 384.7 343.9 392.1 396.1 344.8 401.2 361.9 400.6 361.3 418.8 387.6 371.6 423.3 
40.0 371.6 386.3 sB4.4 384.0 381.6 3SS.3 404.7 416.7 419.0 426.2 430.7 434.7 442.9 446.1 463.0 462.1 472.7 477.7 

66.0 417.8 434.3 434.2 431.4 428.4 444.8 464.1 466.2 489.8 476.7 482.7 487.0 496.1 499.6 607.3 6013.3 629.2 
70.0 466.2 484.6 484.3 441.1 477.7 436.0 606.9 619.0 622.9 630.4 637.1 641.8 661.7 666.3 644.0 662.8 688.1 

ii.; 

80.0 M9.4 691.6 690.3 664.9 682.2 603.8 616.0 631.4 636.8 844.7 662.6 668.1 449.9 473.9 Q84.6 683.0 713.4 720:6 
90.0 880.6 707.0 706.0 701.0 SQ6.0 720.3 734.6 762.6 767.4 787.7 7?7.0 783.4 797.0 801.4 914.1 812.2 848.1 866.6 

100.0 799.8 1330.6 829.1 613.1 616.6 846.0 861.6 831.6 887.3 893.1 909.3 917.1 932.8 937.6 962.4 360.2 991.9 1001.6 

160.0 1604. 1661. 1664. 1646. 1628. 1681. 1644. 1662. 1473. 1692. 1704. 1731. 1738. 1766. 1741. 1836. 1863. 
::o":: 3369. 2363. 3493. 2469. 3432. 2461. 3464. 2432. 3420. 2403. 3633. 2484. 

:%? 
3691: %:8: iit:: 3713. 2619. 3767. 2648. 3779. 2446. 3832. 2706. 3848. 2716. 3909. 2769. 2761. 4002. 2846. 4088. 2893. 

300.0 4481. 2%:: 4466. M&d: y32: 4704. 4773. 48;;: 48%8:: W4;: 4991. 6016. 6081. 6107. EX~ 360.0 6692. 6923. 6977. 4069. 8331. 8368. 6439. 8476. %lb%: 6667: ti%: ii%:: 

400.0 7241. 7280. 7238. 7138. 7339. 7436. 7670. 7679. 7664. 7766. K'Q6. T891. 7337. 9062. 8172. 8391. 
460.0 

EY 

9f3W: 
IO?:: It%: Ii%:: 8647. 8781. 8891. 9060. 9068. 9140. 9282. 9314. 9426. 9482. 9(132. 

2:;. 
9760. 10017. 

600.0 10024. 10292. 10418. 10602. 10609. 10727. 10872. 10907. 11034. 11102. 11277. 11242: 11403. 11720. 

101 Atomic Data and Ntiar Data Tal?k. Vol. 48. No. I, September 1690 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

UECTROIIC STOPPIIG WUER III UI1T.S OF HEV/tXG/SQ CM) 
114 

CD 106s 
46 

WA Bs 
EC 12 

PG AL SI CA n CR FE II aJ GE SE SR ZR HO 
4 

iul 
13 14 2G 22 24 28 28 29 32 34 36 40 42 46 4$G .*.*..C..*.......*I****.*...*.*.*.*.****.*..***....*...**..~..****.**.**~...***********..*.***..~*.**...********.*******..**...*~~*. 

96.36 84.73 06.34 62.32 63.09 66.60 46.96 46.66 46.24 44.06 41.26 38.76 38.78 36.63 36.20 33.88 
W-31 81.07 66.08 62.16 63.04 67.14 49.46 

31.67 
47.29 46.93 44.69 42.11 

30.34 
39.61 37.69 38.68 

69.98 81.66 e4.26 62.40 66.67 49.37 
36.16 34.67 31.69 

61.44 47.31 48.03 46.12 
32.69 

42.37 39.92 36.06 
2: 66.66 83.46 

36.99 38.69 36.34 
80.61 79.60 63.13 61.86 CO.42 69.26 61.43 60.30 6e.24 66.41 48.94 48.32 46.34 46.79 44.99 44.64 32.66 32.30 

33.10 
WM.99 46.47 42.27 41.96 39.69 39.64 36.10 37.91 37.08 38.69 36.48 33.29 

3e.92 38.67 36.40 32.79 33.27 

a:0 i-i 
80.41 76.36 80.62 66.01 69.0% 64.46 47.69 46.83 44.77 44.14 41.61 39.26 37.69 
74.69 77.66 74.22 72.16 67.63 69.17 66.4% 66.74 66.61 67.66 

38.64 38.31 36.16 
63.46 62.47 46.96 46.79 46.12 44.37 43.42 44.11 42.92 43.66 

32.76 33.11 
40.98 38.79 37.18 38.27 36.96 34.87 32.61 32.66 

$2 
40.40 38.27 38.71 

70.07 72.40 e8.26 70.16 66.26 68.62 
36.86 36.66 34.60 

63.06 64.26 64.19 66.36 61.46 60.44 46.12 44.29 43.60 42.83 42.70 41.97 41.68 42.26 39.79 37.72 38.21 36.36 36.10 34.09 
39.16 

32.38 32.10 32.64 32.18 
37.16 36.69 34.69 34.63 33.66 31.79 31.79 

9":: 62.16 86.66 61.63 e4.72 62.66 60.63 46.69 60.79 49.61 61.92 10.67 48.60 41.12 42.66 39.87 41.32 40.64 39.16 36.90 40.22 30.66 37.91 38.00 

?8 
34.67 

33.67 34.62 33.69 33.66 32.74 31.08 30.98 

66.98 68.6% 
32.89 

68.64 M1.03 48.69 46.71 44.97 48.76 
32.66 31.82 30.16 

48.07 47.66 43.37 44.96 39.66 38.30 38.60 37.84 37.&4 36.61 33.76 32.64 31.92 31.73 30.92 30.34 29.68 29.33 
1210 63.36 63.67 44.9% 45.32 44.41 41.89 37.03 37.22 Jo.02 36.61 36.46 38.46 36.33 34.39 32.74 31.67 30.99 30.82 30.06 28.84 28.63 

33.34 31.76 30.64 30.10 29.96 29.22 28.11 27.77 

26:0 Y.8 
46.96 47.73 40.67 3G.11 40.13 36.04 33.72 32.66 32.39 32.34 30.64 29.14 28.16 
34.20 38.43 40.66 36.46 36.03 30.97 

27.71 27.60 26.97 
33.81 29.92 34.74 30.79 33.12 29.46 29.23 29.44 

26.10 26.69 
26.76 26.88 26.38 26.39 26.43 26.42 26.86 26.67 24.84 24.61 24.44 23.93 23.30 22.86 

2:; 
24.06 23.02 22.30 

30.33 27.36 31.64 26.67 27.87 26.41 26.31 27.73 
22.04 21.99 21.67 

24.67 26.94 26.62 24.36 23.74 21.76 23.26 23.02 23.03 21.86 20.93 20.29 20.08 20.06 19.69 21.09 19.30 20.64 18.67 
21.31 21.11 21.20 2O.07 19.24 18.86 18.49 18.47 18.16 17.83 17.42 

28 23.04 24.98 24.32 28.28 21.74 23.40 22.64 21.04 21.69 23.33 20.94 22.60 20.11 16.73 19.72 16.39 19.66 19.66 18.60 17.84 17.31 17.17 17.16 16.88 16.60 16.21 

2:: 
16.23 16.34 17.37 

21.42 20.06 
16.66 16.17 

22.67 21.27 20.33 19.13 
16.06 

19.69 16.62 20.30 19.10 19.63 16.49 17.67 16.66 17.26 16.27 17.12 17.22 16.26 16.31 16.66 16.20 16.10 16.06 16.10 14.67 16.80 16.66 14.66 
16.16 

16.19 14.31 
80.0 16.40 16.67 14.79 14.36 20.06 16.06 17.60 14.27 17.61 18.06 16.66 14.28 14.07 13.87 

16.41 16.30 16.41 
13.66 

14.60 14.03 13.62 13.6E 13.66 13.36 13.16 12.87 

ZX 17.84 16.94 19.01 16.06 17.16 16.36 16.63 16.64 17.16 16.34 16.63 16.86 14.91 14.23 14.66 13.99 14.66 14.66 13.90 13.36 12.97 12.91 
::::'6 

12.74 12.67 
13.90 14.00 

100: 2x 0 

13.27 
12.28 

12.76 12.39 
16.44 16.62 

12.33 
14.%6 14.62 14.98 14.66 13.06 

12.18 
12.86 12.78 12.88 

12.02 11.75 
12.21 

14.22 13.22 
11.74 11.40 

16.26 14.21 13.86 12.93 
11.36 11.37 11.23 

13.43 12.63 13.86 12.93 13.4% 12.69 12.11 11.31 
11.0% 

11.92 11.14 11.86 11.06 11.96 11.18 
10.84 

11.34 10.90 '"9.;; 10.66 10.67 10.31 10.09 
10.60 10.20 . 9.88 9.90 

1;:;; 
9.87 9.46 

160.0 10.01 10.64 9.90 9.61 9.91 9.68 a.72 8.69 8.66 8.66 6.20 200.0 7.90 7.68 a.27 7.68 9.08 6.30 8.04 6.24 7.61 7.38 8.11 
260.0 

7.30 
7.17 

7.19 
7.27 

6104 I% 
6.90 6.79 6.67 7.96 7.30 

a% 
6.46 

::% 
7.07 a.21 7.24 7.16 

6.43 6.26 6.34 6.42 $2:: 6.09 6.00 228" , 
5:es 

5.71 6.01 6.11 6.62 6.41 6.92 6.06 6.66 6.48 6.99 6.83 6.62 6.76 5.60 6.83 6.63 6.44 E 6.17 5.19 5.11 

6.39 

3,' 6:18 

6.20 6.33 6.40 6.12 6.04 4187 4.79 4.81 4.73 4.80 ::iE 

Ex 
600:0 

6.667 6.363 6.264 6.923 6.422 6.724 6.262 6.646 6.381 6.679 6.324 6.618 6.069 4.880 4.998 6.064 4.806 4.726 4.674 4.493 4.615 4.444 4.604 4.369 
4.796 4.663 4.630 4.739 4.668 4.481 4.336 6.109 6.666 6.179 4.803 4.693 4.264 4.286 4.216 4.274 6.016 6.142 6.088 4.138 

4.429 4.630 4.360 4.284 4.148 4.079 4.099 4.036 4.089 3.969 

**.C..***...l+*...***~*.*~....~**..*.*.*.*.***.*~*.*~...~.*.***.***~**.***.*...*..**.*.******.*~..**......******..*..***.*..**~.**~* 
WA SI lz Iu LA PR sn CD EO RI LU IA BE IR 

60 62 
AU 

66 67 
PB BI TB 

69 a2 64 87 a9 71 73 76 77 79 82 03 90 s2" ..****.............**....****....*.....**.**...*~...*.........****.***.~~...*..***~.*...**.*..*.*.*..~..*...*...~...*.*...*.....*..* 
3:: 3G.66 29.64 28.17 29.16 28.21 29.21 28.41 29.41 28.16 29.20 26.66 27.60 26.72 28.78 24.29 23.76 23.14 22.69 22.32 21.61 21.23 21.00 21.06 20.18 19.94 

26.37 24.87 24.26 
3:: 

23.80 23.43 22.63 
31.09 31.31 29.69 29.93 

22.33 22.08 
29.73 29.96 29.77 30.04 27.38 

22.14 21.20 20.96 
30.17 29.94 28.20 28.60 26.02 26.64 24.93 24.46 24.11 23.33 23.03 22.77 22.82 21.84 

27.69 
21.68 

26.38 26.92 26.32 
4.6 

24.86 24.62 23.76 
31.33 29.96 

23.46 23.18 
30.00 

23.23 22.22 21.97 
30.21 30.10 26.80 27.81 26.64 26.10 26.62 26.08 24.74 23.99 23.69 23.41 23.46 22.44 22.18 

66:: 31.00 31.22 29.67 29.66 29.71 29.90 30.11 30.03 28.43 26.66 27.79 26.67 26.16 26.66 26.16 24.81 24.10 23.79 23.61 23.66 22.62 22.26 
29.91 29.66 If.67 26.60 26.10 26.64 26.13 

30.73 
24.80 24.10 23.60 

29.42 29.46 
23.61 23.66 22.63 22.26 

29.66 29.63 28.24 27.60 26.36 26.98 26.44 26.03 24.71 24.03 
30.41 

23.74 23.46 23.60 
29.13 29.18 29.36 29.36 27.99 27.27 

22.46 22.20 
26.17 26.81 26.26 24.88 

30.07 
24.67 23.92 

26.61 28.64 
23.63 23.33 23.39 22.35 22.09 

29.04 29.04 27.72 27.01 26.96 26.61 26.09 24.70 24.40 23.76 23.48 23.19 23.24 22.21 21.96 

i:: 29.33 28.67 26.11 27.40 26.16 27.43 28.34 26.37 27.12 26.44 26.46 26.13 24.64 24.27 23.98 23.38 23.11 22.81 22.66 21.86 
27.aZ 27.67 26.46 26.63 

21.60 
24.60 

12:o x 

24.90 24.14 27.62 23.78 23.61 22.94 26.66 26.72 22.68 22.39 22.43 21.20 26.91 26.97 26.63 26.21 21.44 

27.08 26.37 
24.33 24.06 23.61 23.27 

26.96 26.31 
23.01 22.47 22.23 

2e.02 26.36 
21.93 21.98 

26.21 28.29 26.19 
21.01 20.77 

24.60 23.76 23.60 23.08 22.76 22.61 21.99 21.76 21.47 21.62 20.66 20.34 
26.63 26.62 24.67 24.00 23.21 22.96 22.66 22.24 22.01 21.62 21.30 21.01 21.06 20.12 19.90 

24.43 23.46 23.60 23.67 23.79 22.84 21.77 22.33 21.64 21.44 21.06 20.80 20.69 20.16 20.92 19.97 19.69 19.73 20.97 18.87 18.66 21.12 21.26 2Q.46 20.01 19.44 19.28 16.96 

19.68 
16.74 16.66 16.20 

16.93 16.97 
18.06 17.79 17.63 17.06 16.88 

19.11 19.26 18.66 16.16 17.68 17.66 17.29 17.07 16.60 
16.00 17.32 17.37 

16.92 16.48 16.24 16.26 16.68 16.42 
17.60 17.84 17.01 16.66 16.24 10.13 16.90 

16.63 16.01 
16.71 16.67 16.29 

16.06 
16.19 14.97 16.00 14.36 14.22 

16.17 16.32 16.74 16.43 16.06 14.96 14.76 14.67 14.46 14.20 14.12 13.90 13.94 13.36 13.22 

%i 14.61 16.48 13.97 14.91 14.02 14.96 16.06 16.21 14.68 14.39 14.06 13.97 13.76 13.62 13.61 13.26 13.21 13.04 12.49 12.37 
14.12 14.26 13.77 

so:0 k3 

13.61 13.20 13.12 12.96 12.80 12.49 
13.66 13.17 

12.70 12.43 :::i: 12.27 11.76 64 
13.21 

11 
13.32 13.46 12.99 12.76 12.46 

12.96 12.31 
12.39 12.24 

12.47 11.66 12.61 
12.10 12.01 11.81 

12.74 
11.76 11.67 11.60 

12.61 12.31 
11.12 1l:Ol 

12.09 11.82 11.76 11.61 11.48 11.39 11.21 11.16 10.99 
11.90 

11.01 10.46 
11.9% 12.12 11.72 

10.66 
11.60 11.26 11.20 Il.oB 10.93 10.66 10.68 10.64 10.47 10.60 10.07 9.97 

66.0 11.74 11.31 11.36 11.44 11.67 11.16 10.96 10.76 10.70 10.67 10.46 10.63 10.67 lo,.;; 'CM; 10.17 10.01 10.04 9.63 9.64 10.96 11.08 10.62 10.30 10.26 
10.01 

tS$ 10.03 
9.76 9.60 9.62 9.23 9.16 

10.11 9.42 10.23 
a:73 "8.36 . 

9.06 9.72 9.62 8.88 9.48 8.84 109.:; a: 74 9.27 6.66 6.69 9:20 8.46 9.06 9.03 8.89 8.91 8.66 8.48 
8.43 8.30 8.32 7.92 8.83 8.60 8.34 6.30 8.21 6.12 8.07 7.96 
7.93 7.80 7.82 

:*z: 
. 7.44 

160.0 7.082 6.607 6.636 6.691 6.966 6.766 %k: 6.947 6.267 6.663 6.638 6.613 6.446 6.376 6.338 6.261 6.067 6.743 6.742 6.031 6.769 6.673 6.691 6.600 6.609 6.490 6.437 6.360 6.346 6.276 

6.072 

6.263 6.234 

6.149 6.003 4.963 

6.163 6.137 6.166 6.198 4.963 6.869 

E:: 4.666 4.443 4.793 4.869 4.614 4.366 4.743 4,324 4.736 

6.130 6.908 

4.663 4.291 4.629 4.246 4.679 4.261 4.694 4.03 4.227 4.666 4.611 4.434 4.437 4.316 4.270 4.646 4.239 

4.326 

4.674 4.172 4.690 4.186 4.667 4.166 4.027 4.413 

4.166 4.114 4.117 4.072 4.014 4.007 3.986 3.937 3.676 3.866 3.669 3.741 

400.0 4.176 4.033 3.992 4.006 460.0 4.086 3.974 J.%e4 3.829 3.934 3.66% 3.873 3.791 3.631 3.776 3.769 3.731 3.706 3.604 3.8el 3.776 3.737 3.647 3.669 3.076 3.679 3.662 3.646 3.631 3.622 60.0 3.793 3.b66 3.629 3.640 3.669 3.622 
3.641 3.697 3.614 3.678 

3.487 
3.620 

3.478 3.349 
3.624 3.480 3.437 3.431 3.397 3.374 

3.460 
3.322 3.333 3.306 3.209 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

WA BE 
ac I2 

It2 AL SI CA TI CR F6 PI aI GE SE SR 2.R HO RH 
4 I3 14 20 22 24 26 28 29 32 34 38 40 42 46 47pc 1**.*.*.**,.,**.*...***.....**~*****.**~*.*~~.***..*.**.**~*..~..~**.***~..*****...*..**.~**...*.**.***.***~~**..~****~**..*.**.**.. 

2.6 6.620 6.290 7.467 7.460 7.320 8.724 9.440 9.940 10.310 10.700 10.940 11.630 12.080 12.610 12.820 13.038 13.438 
3.0 

13.790 
6.121 6.906 8.340 8.366 8.223 9.724 10.697 11.161 11.669 11.980 12.306 13.143 13.609 14.186 14.416 14.694 

9.287 
16.276 

6.743 8.648 9.221 9.131 10.723 11.749 12.798 
16.664 

12.366 13.246 13.663 14.676 16.112 16.736 16.981 16.316 17.068 17.298 
7.388 7.347 10.116 10.222 10.062 11.731 12.908 13.664 14.038 14.610 16.000 16.002 16.608 17.273 17.636 17.926 
8.069 8.083 11.028 11.176 

16.812 
10.988 12.761 14.080 14.783 16.289 16.781 16.362 

19.014 
17.436 18.107 18.613 19.091 19.633 2Q.663 20.727 

3.6 
4.0 
4.6 

6.0 
6.6 
6.0 
6.6 
7.0 

8.766 8.800 11.960 12.147 11.943 13.769 16.266 16.018 16.664 17.066 17.718 18.880 19.617 20.363 20.664 21.147 
9.476 9.667 12.912 13.140 

22.292 22.444 
12.918 14.846 16.476 17.272 17.836 18.366 19.100 20.340 21.141 21.926 22.231 22.774 

10.224 10.336 13.Q87 
24.036 

14.166 13.914 16.921 17.706 18.646 19.139 19.683 
24.172 

20.600 21.819 22.684 23.606 23.826 24.418 26.789 26.916 
10.999 11.137 14.884 16.196 14.932 17.018 18.967 19.841 20.463 21.022 21.922 23.319 24.247 26.107 26.439 26.080 
11.799 11.960 16.904 16.267 

27.667 
16.972 18.137 20.232 

27.876 
21.160 21.809 22.382 23.366 24.842 26.833 26.729 27.073 27.763 29.341 29.468 

13.48 13.68 18.01 18.46 18.12 20.44 22.86 23.87 24.67 26.17 26.32 27.96 29.08 30.04 30.41 31.20 
16.26 16.48 20.22 20.76 

32.97 33.09 
20.36 22.84 26.68 26.68 27.43 28.06 29.38 31.18 32.42 33.46 X3.86 

17.38 
34.73 36.68 

17.16 22.62 23.14 22.70 26.33 
36.82 

28.40 29.69 30.40 31.03 32.64 34.60 36.87 38.98 37.39 38.36 
19.13 19.37 24.91 

40.48 40.66 
26.62 26.13 27.91 31.33 32.60 33.46 34.11 36.80 37.93 39.43 40.80 41.03 42.10 44.39 44.80 

21.22 21.46 27.40 28.21 27.66 30.68 34.36 36.72 36.62 37.23 39.17 41.46 43.09 44.33 44.79 46.96 48.39 48.66 

16.0 
20.0 

28.06 28.22 36.42 38.63 36.78 39.16 44.04 46.87 46.73 47.42 49.90 62.72 64.76 66.19 66.69 68.14 61.03 61.46 

26.0 
41.37 41.23 60.69 62.26 61.07 66.27 62.19 84.26 66.67 86.26 69.86 73.60 76.36 78.10 78.69 80.62 84.18 86.03 

30.0 
66.94 66.30 67.93 70.22 68.64 73.66 82.74 66.29 86.86 87.61 92.31 37.09 100.61 102.67 103.32 106.76 108.93 111.32 
74.67 73.36 87.37 PO.33 88.09 93.94 106.61 108.66 110.47 Ill.06 117.20 123.09 127.46 129.80 130.49 133.46 138.22 140.24 

36.0 94.60 92.31 108.82 112.62 109.63 116.36 130.73 134.30 136.36 136.86 144.46 161.63 166.78 169.41 160.14 163.63 168.98 171.71 

40.0 116.3 113.1 132.2 
46.0 

136.7 133.1 140.7 168.0 162.1 164.4 164.8 174.0 182.3 188.6 191.4 192.2 198.2 202.1 206.7 
140.1 

60.0 
136.7 167.6 162.8 168.6 167.0 187.4 192.1 194.7 194.9 206.7 216.4 222.6 226.8 226.6 231.1 237.6 242.0 

66.0 
166.8 160.0 184.6 190.9 186.7 196.1 218.8 224.1 228.9 227.0 239.6 260.7 269.0 262.4 263.2 268.4 276.4 280.7 

60.0 
193.3 186.9 213.6 220.7 214.6 226.1 262.3 268.2 261.2 261.1 276.6 288.2 297.6 301.3 302.0 307.8 316.4 321.6 
222.7 213.6 244.2 262.4 246.3 266.8 287.7 294.2 297.6 297.1 313.6 327.8 338.4 342.3 343.0 349.4 367.6 384.8 

66.0 
70.0 
60.0 

12: 

263.7 242.7 276.6 286.8 277.7 290.2 326.0 332.1 336.7 336.0 363.6 369.6 381.3 386.4 386.1 393.1 401.9 410.2 
286.6 273.6 310.6 321.0 311.8 326.3 384.1 371.9 376.8 374.8 396.6 413.1 426.3 430.6 431.3 438.9 448.3 467.7 
367.1 X39.6 383.6 336.2 384.8 400.4 447.8 467.0 461.4 469.8 486.3 606.4 622.3 627.0 627.6 636.6 647.1 668.8 
434.2 411.4 462.8 477.9 464.0 481.9 638.6 649.2 664.2 661.8 682.2 607.3 826.1 631.2 631.6 641.9 663.8 657.8 
617.4 488.9 648.0 666.9 649.2 669.4 636.0 648.3 663.7 660.6 886.3 716.6 737.6 742.8 743.2 764.8 768.1 784.6 

160.0 
200.0 

1019.6 964.1 1068.1 1091.8 1068.8 1091.7 1216.8 1237.8 1246.9 1237.0 1304.6 1367.8 1398.4 1406.0 1404.1 1423.1 1444.4 1474.3 

260.0 
1660.2 1632.8 1691.6 1746.0 1693.3 1739.6 1936.9 1968.7 1978.0 1960.9 2072.6 2133.9 2201.0 2222.1 2219.1 2246.8 2264.1 2321.8 

300.0 
2389.2 2204.7 2426.6 2603.7 2434.7 2490.4 2771.9 2823.7 2824.9 2797.7 2960.3 X)30.1 3127.7 3167.9 3160.9 3204.2 3208.6 3300.0 

360.0 
3218.1 2966.6 3248.9 3362.4 3264.1 3329.6 3704.4 3789.2 3770.2 3731.3 3934.7 4030.1 4161.6 4221.8 4210.3 4271.1 4260.7 4388.7 
4126.4 3778.7 4147.2 4279.6 4169.9 4246.6 4722.1 4846.8 4801.1 4749.1 6007.6 6120.4 6288.2 6369.9 6363.1 6432.7 6406.4 6673.6 

400.0 
460.0 
600.0 

6101. 4662. 6112. 6276. 
H;; : 

6229. 
;;EU:. 

6979. 6907. 6841. 6168. 6290. 6497. 6801. 6678. 6677. 6934. 
6138. 6699. 6136. 6333. 6272. 

8190: 
7179. 7079. 6998. 7377. 7630. 77’77. 7904. 7876. 7996. 

7229. 6686. 7213. 
7936. EO: 

7444. 7269. 7368. 8439. 8310. 8212. 8867. 8832. 9122. 9272. 9236. 9378. 9299. 9696. 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

II4 
RAEGE II UNITS OF HG/SQ 01 CD IOUS 

48 

*.**.t**l*l**.***.*****.*******.*******.*********~**.**.*.*******.*****.*****..******.*.**..***.*..*******.*~**********.*****~~~~*~* 
E/A su TE BA LA PR SA CD HO In LU TA RE IR AU PB QI 

60 62 
ni u 

66 67 69 62 64 67 69 71 73 76 77 79 82 83 93 92 ~1~*...*~**.*1*~~.1****..*~**.*.**.**~**~***.**~*.~**..*****~.*******.*.*..~.**.*...*.~~*.**..~.**~*~.**.***......*****...*.~~***.*. 
2.6 14.48 ;;L~: ;;3;; 16.64 17.16 18.03 18.66 19.24 19.66 20.04 20.46 20.88 21.32 21.71 
3.0 16.37 

22.22 22.40 24.02 
18.61 19.14 20.13 20.73 21.63 

24.64 
21.99 22.44 22.90 23.37 

3.6 
23.90 24.32 24.86 

18.22 
26.04 26.77 

18.94 20.14 20.42 21.07 22.18 22.83 23.76 
27.32 

24.26 24.76 26.26 26.77 26.37 26.83 27.40 
4.0 20.06 20.86 

27.67 
22.06 22.32 22.97 24.18 

29.42 30.00 
24.90 26.92 26.46 27.03 27.68 28.11 28.79 29.28 29.88 

4.6 21.87 
30.06 

22.76 23.96 24.21 24.87 
32.01 32.62 

26.18 26.96 28.07 29.66 29.27 29.66 30.42 31.18 31.70 32.33 32.49 34.66 36.20 

6.0 23.69 24.66 26.86 26.10 26.76 28.17 29.00 30.22 30.83 31.60 32.11 
6.6 

32.72 33.66 24.10 
26.62 26.68 27.76 28.67 

34.76 
28.00 30.17 31.06 32.37 

34.91 37.09 37.76 
33.01 33.73 34.38 36.02 36.91 36.43 

t:: 27.37 29.23 30.46 28.61 
37.18 

31.64 29.69 31.84 29.91 30.68 32.62 32.19 
37.33 39.62 

33.12 34.62 36.20 
40.32 

36.96 38.66 37.32 38.28 38.89 
34.21 

39.61 39.76 
36.20 

42.16 42.88 
38.69 37.40 38.21 38.94 7.0 39.63 31.12 32.42 40.66 41.30 42.04 33.60 33.79 34.47 36.26 37.30 42.18 44.70 38.88 39.62 46.46 

40.47 41.23 41.96 43.06 43.72 44.49 44.63 47.26 48.06 

::: 34.96 38.89 40.63 36.43 41.70 37.60 37.76 41.84 38.44 42.61 40.42 41.67 43.32 44.11 46.06 46.89 46.67 47.88 48.61 49.46 49.67 
44.67 46.93 

62.43 
47.84 48.70 49.73 

63.28 
60.63 10.0 61.47 63.69 42.93 44.76 46.92 62.81 64.49 46.02 46.68 49.03 64.60 67.70 60.40 62.48 68.81 

63.38 64.60 65.48 66.38 11.0 67.83 68.66 47.09 49.08 60.24 69.64 69.74 60.31 60.96 63.60 63.07 64.98 67.22 68.18 69.39 64.04 
SO.44 12.0 61.39 62.96 63.86 61.36 63.62 64.89 64.98 64.66 64.72 66.36 68.08 69.67 68.66 62.07 69.68 

63.08 84.38 66.60 08.61 68.20 69.14 70.26 70.34 74.16 76.26 

16.0 Q4.84 67.67 88.70 88.64 69.22 72.63 74.46 77.34 78.60 80.07 81.41 20.0 82.68 84.62 86.73 89.60 93.34 87.08 87.12 94.42 P4.18 91.71 94.61 98.94 101.46 106.17 93.00 
106.68 108.60 110.32 26.0 111.77 117.19 122.03 123.06 114.42 116.79 117.67 122.60 122.83 128.26 117.66 123.63 131.40 136.96 137.60 126.16 

140.11 142.24 30.0 147.60 143.97 147.26 148.88 163.66 164.49 163.81 161.16 161.06 163.90 160.38 164.20 169.63 171.62 168.64 160.63 
36.0 

174.62 
177.09 180.48 187.82 179.12 183.06 184.93 188.66 187.73 187.42 167.76 187.66 196.26 199.78 196.69 199.06 

206.12 208.26 211.78 214.80 217.14 221.77 223.88 227.30 227.02 237.89 240.67 

40.0 216.0 224.7 226.5 224.3 223.6 232.8 238.1 246.3 247.7 46.0 261.8 266.3 264.1 294.3 264.9 263.4 272.9 268.0 263.3 266.6 269.7 262.4 279.0 269.3 282.1 286.3 
287.2 289.8 

60.0 
294.6 298.6 

294.6 309.3 
301.6 307.6 310.1 

306.8 306.0 316.6 
314.9 314.4 329.1 

303.6 322.4 331.7 66.0 334.6 339.8 344.3 337.4 347.7 360.8 361.1 364.6 367.3 362.9 349.0 347.1 360.6 392.2 379.0 
388.4 378.6 387.6 

ii:.: 
60.0 381.8 392.7 382.6 337.7 397.9 396.4 396.3 404.1 407.1 413.4 393.0 408.1 416.7 412.7 431.6 436:3 

428.1 431.6 437.9 443.6 447.7 466.2 469.4 466.6 486.7 486.9 492.1 

66.0 430.0 446.9 446.9 444.0 441.1 467.9 497.6 479.9 70.0 483.6 490.7 497.0 479.6 498.6 499.3 601.4 610.8 614.3 496.0 610.0 622.3 
491.6 620.6 634.1 

621.3 644.9 660.6 
638.1 646.8 

100: it: 0 

662.7 
686.4 608.2 907.6 

667.6 667.8 
903.4 698.7 

671.6 680.6 
620.9 633.4 

679.3 606.4 611.6 
649.3 863.8 663.0 671.2 

821.4 699.4 726.6 863.1 
676.9 

861.6 726.6 720.4 846.6 
689.0 693.1 

714.2 740.3 766.0 
704.0 702.6 733.8 741.2 

773.4 7T6.6 789.1 788.7 806.2 
837.8 

819.3 823.8 838.8 836.0 871.8 880.6 
866.0 896.0 906.9 911.6 923.7 934.8 942.2 968.3 963.3 976.6 976.3 1019.2 1029.1 

160.0 1642. 1601. 1696. 1684. 1667. 1621. 1661. 200.0 1686. 1696. 1716. 1736. 2428. 2619. 2611. 1748. 2492. :;I& 2646. 1776. 1782. 
zi?? 

1811. 1806. 1884. 1301. 
260.0 2641. 2063. 2884. 2714. 3449. 3677. 3676. 3647. 2732. 3618. 2773. 2783. 2827. 2819. 2916. 2966. 

300.0 4764. 2::: 4S86: in;. 
3760. 

%a;. 
3847. 

4686. 4?4?. 
3870. 

4732. 4814. 3924. 3941. 4003. 360.0 6108. 6824. 6133. 6036. 6023. 6116. 6314: 3 6396: 6201. 6228. 6311. ~~: 2:: z::: 
. . 6199. tM79. 6606. 6689. 8626. 6730. 6710. 6836. 7013. 

400.0 7148. 7407. 7447. 7301. 7608. 7606. 460.0 7744. 7944. 8661. 7763. 7841. 9869. 7974. 9913. 24;. 1:;::: Ig%: 8073. 8119. 
10906~: 1%:: 

8248. 
9369 1% 

8223. 8361. 8686. 
600.0 10381. 10399: 9266. 10022. 9627. 10461. 9841. 9699. 9862. 

10849. 
10970: 9386. 

11164. 11266. 11363. 11633. 
11497: 9822 

11861. 
11986: 10246 
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i:: 
82.94 78.63 62.20 69.61 SO.72 66.96 48.87 47.O6 46.96 46.31 42.62 40.30 38.68 37.6O 37.26 38.10 33.61 33.97 
80.03 76.38 GO.84 68.34 69.47 54.96 48.07 46.36 46.31 44.73 42.09 39.84 38.18 37.24 35.92 36.80 33.47 33.72 

8:: 
77.30 74.29 69.48 67.07 68.21 63.93 47.24 46.69 44.61 44.10 41.61 39.32 37.71 38.82 36.61 36.43 33.26 33.41 
74.76 72.27 68.16 66.82 58.98 62.90 4G.39 44.82 43.89 43.43 40.89 38.76 37.21 36.36 36.07 36.02 32.98 33.06 

7.0 72.37 70.34 513.87 64.61 66.77 61.69 46.66 44.06 43.16 42.76 40.26 38.19 36.69 36.86 36.69 34.68 32.66 32.67 

8.0 88.06 W.74 64.43 62.30 63.46 49.92 43.91 42.62 41.71 41.38 39.00 37.03 36.61 34.86 34.62 33.67 31.96 31.86 
9.0 84.27 G3.49 62.17 60.16 61.32 48.06 42.34 41.06 40.31 40.06 37.76 36.89 34.66 33.86 33.63 32.74 31.21 31.02 

10.0 80.91 SO.64 50.09 48.19 49.33 46.32 40.86 39.66 38.96 38.77 25.67 34.78 33.61 32.86 32.67 31.83 30.46 30.19 
11.0 67.92 67.87 48.18 46.37 47.60 44.70 39.48 38.36 37.72 37.66 36.43 33.73 32.62 31.92 31.74 30.96 29.70 29.38 
12.0 66.26 66.46 46.42 44.70 46.81 43.20 38.19 37.13 3S.64 38.41 34.37 32.73 31.68 31.02 30.86 30.11 28.96 28.61 

16.0 48.66 49.37 41.90 40.38 41.44 39.27 34.80 33.91 33.42 33.37 31.62 30.06 29.04 28.69 28.46 27.82 26.92 26.49 
20.0 40.88 41.98 3S.22 34.96 36.92 34.23 30.42 29.71 29.34 29.36 27.76 26.62 26.86 26.32 26.24 24.72 24.07 23.60 
26.0 36.47 Jo.74 32.06 30.96 31.86 30.48 27.14 26.64 2G.26 26.31 24.88 23.81 23.06 22.79 22.74 22.30 21.80 21.34 

2: 
31.48 32.80 28.86 27.90 28.72 27.66 24.68 24.07 23.82 23.90 22.62 21.66 21.00 20.78 20.76 20.37 19.97 19.62 
28.40 29.74 26.33 26.46 26.23 26.23 22.63 22.08 21.87 21.96 20.79 19.93 19.32 19.16 19.13 18.80 18.46 18.04 

40.0 26.94 27.27 24.27 23.48 24.19 23.32 20.84 20.44 20.26 20.36 19.28 18.49 17.93 17.79 17.78 17.49 17.20 16.80 

zk: 
23.93 26.24 22.66 21.83 22.60 21.72 IS.43 19.06 18.91 19.01 18.01 17.28 16.76 16.64 16.64 16.37 16.12 16.74 
22.26 23.64 21.10 20.43 21.06 20.36 18.22 17.89 17.76 17.88 16.92 16.24 16.76 16.66 16.66 16.42 16.19 14.84 

66.0 20.84 22.09 19.86 19.23 19.83 19.19 17.18 16.88 16.76 16.86 16.98 16.34 14.89 14.81 14.81 14.69 14.39 14.06 
80.0 19.61 20.84 18.77 18.18 18.76 18.17 16.28 16.00 16.88 16.99 16.16 14.66 14.13 14.06 14.06 13.86 13.88 13.36 

Ts 
19.65 19.76 17.83 17.27 17.81 17.27 16.48 16.22 16.12 16.22 14.43 13.86 13.46 13.40 13.41 13.22 13.04 12.76 
17.62 18.79 16.99 16.46 16.98 16.48 14.77 14.63 14.43 14.64 13.78 13.26 12.86 12.81 12.82 12.64 12.48 12.20 

80.0 16.06 17.17 16.66 16.08 16.66 16.12 13.67 13.36 13.27 13.38 12.68 12.19 11.86 11.80 Il.81 11.66 11.62 11.26 
90.0 14.79 16.86 14.40 13.96 14.41 

100.0 
14.02 12.69 12.39 12.32 12.42 II.78 11.33 11.01 10.97 10.99 10.86 10.72 '"9:;; 

13.76 14.78 13.44 13.03 13.46 13.09 11.76 II.68 11.62 11.62 11.02 10.60 10.30 IO.27 10.29 10.17 10.06 

160.0 IogA~ 1;::; 10.31 Icy3 1og.g 1y; 9.07 8.94 
?t: E? 

8.64 a.22 7.99 7.98 7.99 7.91 7.82 7.68 

%:: 7:66 
8.64 

7137 7164 7146 
7.60 7.46 

e:s1 
7.18 7.07 6.84 6.70 6.72 6.63 6.70 6.47 

a.31 7.60 6.70 6.61 
83 

6.34 6.24 6.04 5.92 6.96 6.86 6.93 6.73 
300.0 6.83 7.63 6.89 6.83 6.76 6.08 6.86 6.00 6.67 6.49 6.38 5.41 6.32 6.21 
360.0 6.30 6.96 t% 6.36 . 6.31 6.24 6.62 6.42 6.66 6:62 . CABS 6.26 6.08 4.98 6.01 EZ 4.93 . 4.83 

400.0 6.693 6.614 6.983 6.777 6.917 6.863 6.270 6.084 6.206 6.276 6.006 4.923 4.766 4.681 4.703 4.629 4.692 4.640 

C% 
6.677 6.169 6,649 6.472 6.06 6.647 4.996 4.824 4.937 6.004 4.749 4.668 4.620 4.442 4.464 4.394 4.463 4.310 
6.323 6.892 6.396 6.226 6.367 6.301 4.776 4.616 4.720 4.786 4.642 4.463 4.322 4.260 4.271 4.204 4.260 4.126 

. ..L*..***.*...~l****.......*~**~*.***~..~....***......*..*..~**.*~***.**~..**.*.*....****.*~....**.*..*.*..~*.**....***...*..~*~*~* 

wA SO= 52TE MM 5TLI 6Sm 6ZSn $JGD 67" 6SM 71L" .IJTA 7SRE i71R 7S*" 8Zm 83B1 90m 92" 
.***.+.*+...~~*.+*....*...~*.**.~***.....*.**~**~**.****.****~*.**.*******.*..*..*........*.......***.*....*.**.*.**~**~..*.*.**...* 

30.21 28.80 28.86 29.06 28.79 27.16 26.30 24.83 24.30 23.66 23.20 22.82 21.99 21.71 21.47 21.63 20.83 20.39 
31.27 29.86 29.89 30.10 29.88 28.26 27.40 26.913 26.46 24.81 24.36 23.97 23.16 22.86 22.60 22.66 21.69 21.44 
31.84 X.41 30.46 30.67 30.49 28.88 28.04 26.66 26.16 26.62 26.07 24.69 23.89 23.58 23.31 23.37 22.36 22.10 
32.09 30.67 Jo.71 30.92 Jo.78 29.20 28.38 27.03 26.66 26.94 26.49 26.12 24.34 24.03 23.76 23.80 22.77 22.60 
32.13 30.72 30.76 30.97 30.86 29.32 28.61 27.21 26.76 26.16 26.71 26.36 24.60 24.28 24.00 24.06 23.00 22.73 

2.6 
3.0 
3.6 
4.0 
4.6 

6.0 
6.6 
3.0 
6.6 
7.0 

8.0 

1::: 

:::: 

:zl 
zs:o 
30.0 
36.0 

40.0 

ii:: 
66.0 
60.0 

YE;! 

90.0 
100.0 

z:: 

z%: 
350:o 

EZ 
ww:o 

32.02 30.64 30.67 30.88 30.80 29.30 28.60 27.26 26.82 26.24 26.80 26.46 24.71 24.40 24.11 24.16 23.10 22.83 
31.82 30.46 30.49 30.70 30.64 29.18 28.40 27.19 26.78 26.21 26.78 26.44 24.73 24.42 24.12 24.18 23.11 22.84 
31.66 30.21 39.24 30.46 30.41 28.99 28.23 27.06 26.67 26.11 26.69 26.36 24.67 24.37 24.07 24.12 23.06 22.79 
31.24 29.92 29.96 30.16 30.14 28.76 26.01 26.88 23.61 26.S6 26.66 26.23 24.66 24.26 23.96 24.01 22.96 22.68 
30.90 29.60 29.63 29.84 29.84 28.48 27.76 26.66 26.30 26.78 26.37 26.06 24.41 24.12 23.81 23.87 22.81 22.66 

30.16 28.91 28.94 29.14 29.17 27.88 27.18 26.16 26.83 26.33 24.94 24.66 24.03 23.76 23.46 23.60 22.46 22.20 
29.39 28.18 28.22 28.42 28.46 27.23 26.67 26.61 26.30 24.82 24.46 24.18 23.69 23.33 23.02 23.07 22.06 21.80 
28.63 27.46 27.60 27.69 27.76 26.68 26.94 26.03 24.76 24.30 23.94 23.68 23.12 22.67 22.66 22.61 21.61 21.37 
27.89 26.76 26.79 26.98 27.06 26.S3 26.32 24.46 24.20 23.76 23.42 23.17 22.64 22.40 22.10 22.16 21.17 20.93 
27.17 26.07 26.11 26.30 26.39 26.31 24.72 23.90 23.66 23.24 22.91 22.67 22.16 21.93 21.63 21.68 20.72 20.49 

26.19 24.19 24.23 24.41 24.63 23.66 23.03 22.32 22.11 21.74 21.44 21.23 20.78 20.69 20.30 20.34 IS.46 19.24 
22.48 21.61 21.66 21.81 21.96 21.11 20.66 20.07 19.81 19.60 19.34 19.17 18.79 18.63 18.36 18.41 17.61 17.42 
20.34 19.66 IS.61 IS.76 19.90 19.17 18.77 18.27 18.13 17.87 17.64 17.49 17.16 17.03 16.78 16.82 16.10 16.93 
18.63 17.92 17.97 16.10 18.26 17.69 17.24 16.80 16.68 16.46 16.26 16.11 16.82 16.72 16.48 16.61 14.86 14.71 
17.22 16.67 16.62 16.74 16.89 Id.29 16.97 lb.68 16.48 16.27 16.08 14.96 14.70 14.61 14.39 14.42 13.82 13.68 

16.04 16.44 16.49 16.60 15.76 16.20 14.91 14.66 14.47 14.27 14.10 13.99 13.76 13.68 13.47 13.60 12.94 12.81 
16.04 14.48 14.63 14.64 14.78 14.27 14.00 13.68 13.60 13.42 13.27 13.16 12.94 12.88 12.68 12.71 12.18 I2.08 
14.58 13.66 13.70 13.80 13.96 13.47 13.22 12.92 12.86 12.88 12.64 12.24 12.18 11.99 12.02 11.62 II.42 
13.43 12.93 12.98 13.08 13.22 12.77 12.63 12.26 I2.19 12.04 11.90 

;:..I; 
II.63 II.67 11.39 11.42 10.96 10.86 

12.77 12.30 12.34 Il.44 12.68 12.16 Il.93 il.68 II.61 il.47 11.34 II:26 11.08 11.04 10.86 10.89 10.44 10.36 

12.19 11.74 11.78 11.87 12.01 11.61 11.40 11.16 11.10 10.93 10.84 10.76 10.60 IO.66 10.41 9.99 11.67 11.24 11.28 11.37 11.60 11.12 10.92 
'"93; '"9.X: 

10.61 10.39 
'"9.;; '"9.:': 

10.12 '"9:;; 9.99 9.68 X:Z 
10.77 I;.;; '"9.;; lOgA& 10.62 iO.28 10.09 

9:23 9:is 
%%i 9.62 

a:92 .a:79 
9.38 9.23 9.26 8.88 a.80 

10.03 
e:o7 9:10 a:18 

9.90 9.68 9.41 
8163 

8.98 8.76 8.62 8.66 8.30 a.22 
8.41 9.29 8.99 8.84 8.67 8.63 8.44 8.39 8.26 8.24 a.11 8.13 7.80 7.73 

7.347 7.062 7.111 7.169 7,267 7.036 6.821 6.601 8.776 6.706 6.636 6.693 6.603 6.486 6.384 6.403 6.146 6.096 
6.190 6.977 6.977 6.026 6.114 6.923 6.829 6.734 6.716 6.669 6.600 6.666 6.494 6.477 6.394 6.411 6.333 
6.486 6.297 6.238 6.281 6.361 6.209 6.167 6.067 6.070 6.013 4.939 4.930 4.876 4.839 4.763 4.779 4.746 

iI-'& 

4.991 4.621 4.768 4.766 4.866 4.746 4.696 4.617 4.621 4.669 4.603 4.496 4.447 4.416 4.346 4.360 4.328 4.193 
4.626 4.470 4.423 4.436 4.606 4.403 4.369 4.286 4.289 4.242 4.181 4.173 4.129 4.101 4.036 4.060 4.019 3.897 

4.349 4.201 4.168 4.172 4.235 4.140 4.098 4.030 4.034 3.990 3.934 3.926 3.866 3.859 3.799 3.812 3.782 3.669 
4.129 3.989 3.949 3.903 4.023 3.933 3.693 3.829 3.633 3.792 3.739 3.732 3.694 3.669 3.612 3.624 3.636 3.489 
3.SSZ 3.818 3.761 3.794 3.861 3.766 3.726 3.667 3.671 3.632 3.681 3.674 3.639 3.616 3.461 3.472 3.443 3.343 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

II6 
IZECTROIIC STOPPIIG POVER II WILTS OF IW/(HG/SQ (II) II IOIlS 

49 

E/l BE 
gc 12 

Mi AL SI CA TI CR FE II al GE SE SR ZR Ha RE 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4:" 

*..~***L**....t**++*..~*****~*~*********~.********~**.*****..*.******.***.*****.*.*~********~*..***.*.*~*..*.*..*..*******~.**.~~**~ 
2.6 99.07 86.70 OS.96 63.86 64.83 68.16 50.14 47.79 46.30 45.08 42.26 39.66 37.63 38.46 36.00 34.66 31.04 32.29 

5: 
96.02 86.16 88.74 63.74 64.63 68.66 60.68 48.44 47.04 46.97 43.13 40.66 38.60 37.46 37.02 36.70 32.34 33.36 
92.66 84.69 66.94 63.04 64.02 66.31 60.62 48.60 47.19 46.26 43.42 40.91 39.00 37.90 37.49 38.20 33.09 33.90 

t:: 
89.29 62.70 94.82 62.03 63.06 67.70 60.21 48.20 48.97 48.14 43.36 40.90 39.06 37.99 37.6I 30.36 33.46 34.12 
8G.03 80.69 63.66 SO.66 61.94 66.66 49.60 47.69 4G.63 45.60 43.06 40.67 38.69 37.87 37.61 30.31 33.63 34.11 
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RAIGE II UlIfS OF HG/SG Q( 

WA I6 
4 

l *.*.**.**...*. 

32 6.470 
3:s 8.069 

6.669 
::: 7.301 

7.957 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

116 
19 1085 

TI 
22 

I....... 

9.360 
10.489 
11.624 

KY: 

49 

CR FE III W GE SE SR A MO RI1 
24 26 28 29 32 34 36 40 42 46 4:G 

~*+*****.*~.******++********..*~.**..************.*.**.***.********~*.*****~* 
9.847 10.220 10.610 10.840 11.690 11.960 12.604 12.710 12.923 13.316 13.660 

11.041 11.460 11.871 12.186 13.022 13.466 14.068 14.282 14.666 16.127 16.409 
12.226 12.670 13.117 13.613 14.432 14.987 16.683 16.824 16.163 16.883 17.117 
13.416 13.891 14.361 14.837 16.837 16.439 17.097 17.366 17.737 18.09 18.807 
14.613 16.120 16.812 16.168 17.246 17.914 la.612 18.886 19.319 20.322 20.492 

.K 9.344 8.938 9.432 8.690 11.822 12.767 12.006 12.981 11.804 12.761 13.623 14.680 16.083 16.270 16.827 17.068 16.363 17.623 16.874 18.161 17.610 18.867 18.666 20.101 20.896 19.398 20.136 21.672 20.423 21.973 20.907 22.606 22.032 23.746 22.181 
23.879 

6.0 10.076 10.196 13.713 13.978 13.738 16.716 17.476 18.309 18.902 19.446 20.243 21.664 22.411 23.226 23.638 24.120 26.469 26.692 
6.6 10.631 10.960 14.690 14.997 14.737 16.793 16.704 19.681 20.201 20.769 21.638 23.027 23.946 24.796 26.123 26.763 27.206 
7.0 11.013 11.767 

27.322 
16.690 19.036 16.767 17.890 19.966 20.876 21.623 22.093 23.066 24.621 26.603 26.389 28.728 27.406 28.967 29.072 

ro:o k% 

13.26 13.47 17.76 18.19 17.89 20.16 22.63 23.63 24.23 24.83 26.96 27.68 28.68 29.64 30.00 30.77 32.61 32.64 

14.99 16.83 16.23 17.09 19.92 22.17 20.44 22.78 20.06 22.36 22.60 24.94 26.19 27.96 26.28 29.14 27.04 29.94 30.67 27.66 28.96 32.06 30.73 33.99 31.96 36.34 32.99 36.44 33.37 58.64 34.24 37.80 3e.16 39.89 36.29 40.06 
11.0 18.77 19.03 24.61 26.21 24.72 27.46 30.62 32.08 32.94 33.69 36.26 37.36 3B.83 39.99 40.41 41.46 43.71 43.91 
12.0 20.80 21.06 2e.94 27.73 27.19 30.08 33.79 36.13 38.04 34.70 38.64 40.81 42.42 43.64 44.09 46.23 47.63 47.88 

16.0 27.47 27.67 34.78 36.87 36.12 38.47 43.26 44.87 46.92 46.60 49.03 61.82 63.82 66.24 66.74 67.16 60.00 eO.42 
E 40.42 66.67 40.36 66.03 69.60 49.68 98.74 61.22 67.10 60.06 72.03 64.20 86.98 81.03 63.03 83.66 e4.33 86.09 66.02 86.76 88.62 90.44 72.22 96.16 98.61 74.93 100.63 76.BB 101.27 77.24 103.66 79.13 107.76 82.62 83.46 

109.12 
El:: 72.81 92.07 71.63 90.06 106.32 86.43 109.94 88.33 lOT.iZ 88.16 113.74 91.91 103.33 127.79 106.33 131.30 108.12 133.33 108.71 133.83 114.72 141.26 120.60 148.21 124.77 163.36 127.09 166.94 127.78 166.67 130.67 160.08 136.36 166.33 137.33 

168.00 

%f:: 113.3 136.4 110.3 132.2 129.1 163.7 168.9 133.6 130.0 164.6 137.6 163.0 164.4 183.0 168.4 187.6 190.1 160.7 161.1 190.3 200.9 170.0 178.2 210.4 184.3 217.6 220.6 187.1 187.9 197.6 201.1 
221.3 

226.8 191.8 
232.2 238.6 

so:0 !E 

161.3 166.8 180.1 186.2 181.1 190.4 213.6 218.7 221.6 221.6 233.9 244.7 262.8 266.2 267.0 262.0 269.0 274.1 

216.6 188.0 181.0 207.9 238.0 208.2 216.2 246.9 X19.2 239.1 219.6 260.3 246.1 280.4 261.8 286.8 290.1 264.8 264.7 289.7 306.8 268.8 319.7 281.2 290.4 330.0 294.0 333.9 334.6 294.8 XQ.4 340.8 348.9 307.9 313.9 366.9 

66.0 246.7 236.2 269.4 276.4 270.6 282.8 316.7 323.7 327.2 326.6 344.7 360.2 371.7 376.8 376.6 383.3 391.9 400.0 
70.0 278.6 266.1 302.6 312.6 303.6 316.9 364.7 382.4 366.2 356.2 336.6 402.6 416.4 419.7 420.4 427.8 437.0 446.1 

1oo:o Es: 
346.9 330.2 373.3 396.6 374.6 389.6 436.0 446.0 449.3 447.8 472.6 493.2 608.7 613.3 613.9 622.6 633.0 
421.7 602.4 

644.4 
399.9 476.1 460.2 632.9 484.9 660.2 461.3 634.0 468.9 663.8 618.7 624.1 630.6 634.6 636.0 639.4 BJ2.9 637.1 687.7 666.7 6oB.2 691.2 809.6 717.6 614.6 722.9 616.0 723.2 626.0 734.6 636.7 747.6 660.3 

763.8 

160.0 989.0 926.2 1027.4 1060.0 1028.2 1080.4 1182.0 1202.4 1210.4 1201.8 1267.3 1319.2 1368.7 1366.2 1384.3 1382.9 1403.6 
200.0 1600.1 1497.1 

1432.7 
1641.4 1693.3 1643.1 1688.2 1879.9 1910.8 1919.9 1903.4 2007.2 2071.4 2136.7 2167.2 2164.3 2181.2 2198.1 

260.0 
2264.2 

2316.9 2138.1 2363.4 2428.3 2361.4 2416.8 2688.8 2739.2 2740.6 2714.2 2862.3 2939.8 3034.6 3073.6 3066.9 3108.9 3113.3 3202.1 
300.0 3118.7 2896.7 3149.9 3260.3 3164.7 3228.6 3696.1 3674.4 3866.1 3618.6 3616.7 3908.4 4036.9 4094.6 4083.4 4142.4 4132.6 4266.6 
360.0 3997.3 3962.8 eDl9.9 4146.3 4041.9 4116.7 4677.7 4697.7 4664.6 4604.2 4864.8 4964.4 6127.1 6206.4 6190.2 6267.6 6242.2 6404.1 

400.0 4942. 4618. 4964. 6113. 4984. 6088. 6636. 6796. 6726. 6661. 6969. 6097. 6398. 6378. 6473. 8431. 8833. 
460.0 6946. 6426. 6946. 6137. 6983. E'3;: 6767. 6967. 6661. 6782. 7149. 7297. 

t2t: 
7660. 7632. 7749. 7690. 7934. 

600.0 7002. 6360. 6988. 7213. 7033. 7936. 8177. 8063. 7968. 8388. 8668. Est39. 8986. 8960. 9088. 9012. 9298. 

.**...*...***..**....*******~~.~.**..*~.*.*.*****..*..**.*~.*~......*.*****...****.*...*....******....***....*........~*.*.*...~..*. 
E/l Sll T6 81 LA PR St! CD SO YH LU IA Ft.6 I6 AU PS BI Iii U 

w 62 66 67 69 62 64 67 69 71 73 76 77 79 82 83 90 92 
***..**.*.**C*t.+++****..*.**.****.*.*...*******~*.**~~~*****************..*********~******************~~**~***.~~****.**~**.*****~* 

2.6 14.34 14.88 16.08 16.39 17.00 17.88 18.40 19.07 19.47 19.86 20.26 20.69 21.12 21.61 22.02 22.20 
i:: IS..21 18.03 

23.80 24.31 
16.74 16.84 19.93 18.03 18.33 20.22 18.96 20.86 19.96 21.88 20.64 22.61 23.61 21.33 21.78 24.00 22.23 24.61 22.67 23.14 26.60 23.66 24.09 24.63 24.80 26.61 27.06 

26.00 26.10 
::: 

26.66 27.13 27.30 29.12 29.89 
21.61 19.63 20.62 22.60 21.81 23.68 22.08 23.94 22.74 24.60 23.94 26.90 24.66 26.67 26.68 27.77 26.18 28.34 26.74 28.96 27.27 27.81 28.49 26.97 29.67 29.74 31.67 32.27 

29.62 30.09 30.83 31.36 31.98 32.14 34.18 34.81 

6.0 23.41 24.37 26.66 26.130 26.47 27.86 28.68 29.89 30.49 31.14 31.76 32.36 33.16 
6.6 

33.71 34.37 34.62 38.67 
26.21 29.26 27.44 27.67 

37.33 
28.34 29.83 30.70 32.00 32.63 33.33 33.98 34.61 36.49 

8-E 
38.07 38.76 36.90 

7:o 
27.02 26.66 30.06 29.16 31.24 29.33 

39.16 39.86 
19.66 31.44 30.22 32.12 31.81 33.80 32.74 34.78 34.12 34.78 36.94 36.63 JB.21 36.87 37.82 38.42 39.14 39.28 41.66 42.37 

37.74 38.46 39.14 40.16 30.70 31.99 40.79 41.63 41.67 33.17 44.16 44.90 33.36 34.04 36.81 36.84 38.40 36.26 39.12 
39.98 40.71 41.43 42.60 43.17 43.94 44.07 46.66 47.44 

1o:o 2: 
34.47 36.92 37.10 37.26 37.93 39.89 41.03 42.76 43.63 44.46 46.28 46.06 
39.33 42.30 

47.26 47.97 
39.96 44.09 

48.80 48.93 61.74 
41.12 46.26 41.26 46.36 41.93 49.02 

62.68 
44.06 48.34 46.31 49.69 47.19 48.03 62.62 49.06 49.94 60.77 62.08 62.86 63.76 63.86 66.91 67.81 

61.73 63.73 
48.37 

64.69 66.67 67.00 
11.0 49.33 

67.83 68.80 68.90 
49.49 49.66 60.21 62.72 

62.18 63.13 
64.18 56.38 67.32 68.61 69.66 60.48 62.03 

12.0 60.66 62.68 
84.04 

63.83 
62.91 63.96 67.66 68.67 

63.88 64.62 67.21 66.77 61.14 62.13 85.41 64.61 66.60 67.16 68.10 69.21 69.29 73.06 74.12 

16.0 63.74 66.43 67.66 67.61 66.08 71.34 73.24 76.08 77.23 78.76 80.08 
ifi:: 114.88 87.96 

81.23 83.26 
119.63 91.62 120.66 92.70 

84.34 86.67 86.72 SO.24 
120.22 92.47 

91.60 
120:46 92 91 126.79 97.17 l28:86 99 66 103.29 133 36 104 134'97 87 106 66 

137'43 
106 36 
139'62 

109 78 
141'22 

112.39 113 73 116 49 116.47 121 36 122 96 
144 46 

30.0 144.46 160.38 161.32 160.66 167.14 166:21 168:07 171:Ol 173:62 176:62 179:38 
146'04 
181:22 

148:28 148 19 
l83:82 

166'64 
192177 

167:60 
160.67 160.88 

36.0 176.69 163.78 
184.00 

184.63 183.73 
196.10 

193.46 191.13 196.67 201.78 203.87 207.33 210.28 212.68 217.12 219.19 222.66 222.29 232.94 236.67 

3 211.2 248.3 219.6 268.2 220.6 266.9 219.3 267.4 218.7 266.4 227.7 266.7 232.9 272.7 240.0 280.8 242.3 283.3 246.3 287.9 249.7 262.3 267.6 269.9 263.9 263.6 276.0 279.1 

E.8 
291.8 294.7 300.7 

w:o 
329.3 287,.7 342.4 299.1 

307.4 
342.6 299.6 340.7 297.9 

303.2 307.9 321.8 326.4 
336.9 296.6 306.2 362.1 316.0 369.7 324.0 369.7 326.9 372.6 332.0 336.4 33.9.7 346.4 349.2 364.6 364.0 370.4 374.4 

378.6 397.1 373.3 383.6 394.6 366.0 397.6 403.8 403.1 426.1 388.2 386.8 421.6 393.6 398.3 406.7 
417.8 

421.2 
427.6 433.0 437.0 446.3 448.6 466.5 464.6 476.4 480.4 

66.0 419.4. 436.9 436.9 433.1 430.3 446.7 466.0 468.2 471.8 478.8 
70.0 487.6 

494.9 489.2 
486.0 

498.4 
486.8 

601.8 609.6 608.7 631.7 637.3 
492.6 479.2 497.3 607.6 620.9 624.8 632.3 639.1 643.8 

1oo:o Ex 
670.3 

663.8 
692.6 692.0 668.0 1306.0 617.3 

667.4 666.2 666.0 690.6 6sB.6 
583.4 932.8 637.2 649.2 664.2 669.7 

707.6 930.4 
671.6 

01.0 799.6 706.6 628.9 701.6 823.0 721.0 846.0 736.4 861.6 
676.8 886.2 684.8 716.3 722.6 

816.6 696.6 763.3 768.3 769.6 778.0 764.4 798.1 802.6 816.2 813.4 849.4 867.8 
882.0 887.6 899.3 910.1 917.4 933.1 936.0 962.8 960.7 992.4 1002.1 

%o" 
260:0 

2367. 1499. 2446. 1666. 2436. 1661. 2419. 1640. 2390. 1623. if;:. 1606. 1639. 1647. 1687. 1687. 1699. 1726. 1733. 1780. 1766. 
2677. 

1831. 1848. 
2906. 3347. 3471. JQ69. 3442. 3396. 3611: :%: 3936. 2666. 2636. 

3: 
3949. 3990. 3733. 

;;w: 

g4. . 411. 6862. 

$6. 2703. 2746. 2738. 2832. 2880. 

QB23. 6977. 2%. , %:~ . 4610. 6930. 0012. 4739. 
g;;: 

4939. 4694. 4966. 4960. 6046: 3866. 6162. 3874. 6136. 3976. 6249. i%:: 
6133. 6202. 6282. 6309. 6390. 

El: 
. 6627. 6607. 6630. -01. 

4Go.o 7180. 7219. 7376. 460.0 XfE* 

S712: 

1ElE: 1Ei: 1%;: %X. 7278. 7374. 7607. 7617. 7801. rroz. 7731. 7827. 

9934: 

6704. 7872. 8814. 8972. 7997. 7972. 8106. 

600.0 10200. 10326. 10606. I:%: 10%:: I:%$: 1::::: I:%: 

8323. 

1%:: I::::: 11":::: I=::: $::: 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROIIC .STLlPPIIC POWER 111 IJIITS OF K?X/tHG/SQ CH) 

E/A BE 
ac 

nl AL SI CA l-I CR FE II W GE SE SR Tit HD BH 
4 12 13 14 20 22 24 26 28 29 32 34 38 40 42 45 4:G 

***...**.*...****..*******.***~~**********~.*.**.**.****~***..~*~.*~.***.~.**.~********.*******..*..**.*..*~*.***.**.******.~*.*..~* 

5: 
3.5 

1:: 

i+? 
e:o 

E 

8.0 
9.0 

10.0 
11.0 
12.0 

it: 
25:o 
30.0 
35.0 

40.0 
45.0 
60.0 
56.0 
60.0 

65.0 
70.0 

E% 
1oo:o 

160.0 
200.0 
260.0 
300.0 
360.0 

400.0 
460.0 
600.0 

70.26 
66.39 

K% 
57:13 

50.36 

%:G 
32.65 
29.46 

26.92 

:E 
21164 
20.37 

19.27 
18.31 
16.68 
15.38 
14.30 

10.84 
6.96 
7.66 
7.10 
6.55 

6.134 
6.605 
6.641 

28.26 

ZX 
::::: 
20.61 
19.61 
17.84 
16.48 
16.35 

11.73 10.72 10.40 
9.83 8.99 a.71 
6.65 7.91 7.67 
7.83 7.17 6.94 
7.24 6.62 6.42 

6.779 6.207 6.013 6.159 6.092 
6.421 6.860 5.696 6.836 5.774 
6.133 6.618 6.441 6.577 6.518 

62.35 
61.09 
59.82 
58.67 
67.35 

57.42 
56.42 
55.39 

ii::: 

53.62 56.01 51.34 
61.66 52.63 49.46 
49.64 50.81 47.69 
47.79 46.95 46.04 
46.06 47.22 44.61 

41.67 42.76 40.50 
36.11 37.11 35.35 
32.02 32.93 31.50 
28.87 29.72 28.61 
26.37 27.15 26.12 

25.14 24.32 26.06 24.15 
23.38 22.62 23.31 22.60 
21.88 21.18 21.83 21.10 
20.69 19.94 20.66 19.90 
19.48 18.86 19.46 la.84 

:Kii 
1e:is 
14.96 
13.97 

10.73 
a.93 
7.84 
7.11 
6.57 

17.92 
17.10 
15.70 
14.66 
13.60 

lo.48 

t.2 
7:03 
6.50 

46.16 

iEt 
40:66 
39.34 

36.89 

33 
;f:g 

:E 
le:as 
17.82 
16.88 

16.06 
16.33 

XT 
12:22 

9.43 
7.90 
6.97 

E: 

6.486 

:: it? 

48.28 47.15 
47.57 40.60 
46.82 45.81 
46.06 46.08 
46.26 44.35 

43.72 42.88 

is! 
45:27 
44.61 
43.92 

42.54 40.09 

%E 
36167 

if% 
3.6148 

37.50 36.39 

43.72 41.33 
43.19 40.88 
42.61 40.36 
42.00 39.61 
41.37 39.23 

38.06 
36.91 
35.79 

2;: 
34.96 34.46 34.40 32.49 30.99 
30.66 30.29 30.31 28.65 27.38 
27.43 27.13 27.18 26.71 24.60 
24.90 24.64 24.72 23.39 22.40 
22.85 22.63 22.73 21.51 20.62 

21.17 20.98 21.08 19.96 19.14 
19.75 19.59 19.69 18.66 17.89 
18.64 la.40 18.61 17.53 16.83 
17.60 17.37 17.48 16.66 16.90 
16.69 16.47 16.68 16.72 16.09 

'15.79 15.68 16.79 14.97 14.38 
16.07 14.98 15.09 14.30 13.74 
13.86 13.78 13.88 13.16 12.66 
12.86 12.79 12.90 12.23 11.76 
12.03 11.97 12.07 11.45 11.01 

9.29 7.76 % 
6.77 6.87 
6.09 6.24 
5.64 5.78 

9.35 

~:~ 
6.32 
6.85 

?5’: 
e:eo 
6.99 
5.55 

a.54 
7.35 

FE 
5:4a 

6.292 6.419 6.491 5.211 6.124 
5.021 5.139 6.208 4.943 4.859 
4.804 4.914 4.981 4.728 4.646 

zx: 
36:71 
38.21 
37.68 

36.60 
35.53 
34.48 

ii::: 

:i?ti 

::% 
19.99 

18.57 
17.36 
16.33 
16.44 
14.66 

13.96 
13.35 

::.:I 
10:70 

a.30 
7.11 
6.2a 
5.71 
5.28 

4.960 
4.706 
4.499 

Z: i: 
iii:8 36.8 

2:: 
i2: 
3as:r 

38.66 
38.21 
37.78 
37.32 
36.83 

38.21 

OX:: 
37.03 
38.66 

35.62 

2x: 
32:a5 
31.94 

35.57 
34.68 
33.61 

:::z 

29.46 
26.13 
23.55 

:ktT 

29.34 28.67 27.74 
26.05 26.51 24.84 
23.49 23.04 22.52 
21.45 21.06 x).64 
19.79 19.45 19.10 

18.42 18.40 
17.24 17.23 
16.22 16.22 
16.35 15.36 
14.68 14.68 

13.89 
13.29 
12.25 
11.39 
10.67 

8.29 
6.96 
6.16 
5.60 
5.19 

4.872 
4.624 
4.424 

13.90 
13.30 
12.26 
11.40 
10.69 

8.31 
6.99 
6.19 
5.63 
6.21 

4.696 
4.646 
4.446 

2: 
z.: 
37:2 

34.60 

w 
31186 
31.00 

18.10 
16.96 

:i.Ef 
14137 

13.71 
13.12 
12.10 
11.26 
10.66 

a.22 
6.90 
6.08 
5.53 
6.13 

4.818 
4.574 
4.377 

31.7 

%A 
2: 

Z.ff 
34:12 
33.86 
33.54 

Z:? 
23 
35.0 

34.62 

xz 
33:93 
33.55 

32.84 

i:::; 
30.66 
29.81 

32.73 
31.89 
31.06 
30.24 
29.46 

27.30 

::z 
2o:re 
la.66 

17.80 

:z: 
14:91 
14.18 

17.38 

ES 
14.56 
13.86 

::z 
ii:95 
11.13 
10.43 

8.13 
6.97 
6.17 
5.61 
6.20 

13.22 
12.66 
11.68 
10.89 
10.21 

7.98 
6.73 

i.2 
5:03 

4. a83 4.726 
4.635 4.487 
4.435 4.294 

..*....*.*.*11*.***..**..********..~******.*~.***.****.*****~**.*****.**********.**.**~***..***..*******.....**~.*****.~***.*..*.*.* 
E/A SII TE BA LA PR SH CD AD m LU TA RE IK AU PE BI r-l 

60 62 66 57 69 62 84 67 69 71 73 75 77 79 62 83 so s2" 
.*..****.ILI...***.~****.*...***.**.*.~***.*.~.*****.*.**.**.****.******.**.~~...*...*~.**~.*..**.**..~*.....*.*.*****.******..***~. 

::: 30.87 31..99 29.44 30.53 30.67 29.49 Jo.79 29.69 29.42 30.66 27.74 28.89 26.88 28.02 25.38 26.55 24.83 26.02 24.18 25.37 23.71 24.90 23.32 24.61 22.47 23.68 22.18 23.37 21.94 23.11 22.00 23.16 21.OK 22.18 20.84 21.92 
3.5 32.59 31.13 31.17 31.36 31.20 29.65 26.69 27.27 26.76 26.12 25.65 25.27 24.45 24.13 23.86 23.91 22.88 22.61 
4.0 32.87 31.41 31.44 31.66 31.62 29.90 29.06 27.68 27.19 26.56 26.10 25.72 24.32 24.60 24.32 24.37 23.31 23.04 
4.5 32.92 31.48 31.61 31.73 31.62 3O.04 29.21 27.66 27.42 28.80 26.34 26.98 26.20 24.86 24.58 24.64 23.56 23.20 

6.0 32.83 31.41 31.44 31.66 31.67 3O.03 29.21 27.93 27.49 26.89 26.44 26.08 25.33 26.01 24.71 24.76 23.67 23.40 
5.5 32.64 31.23 31.27 31.46 31.42 2s.92 29.12 27.86 27.46 26.88 26.44 26.09 25.35 26.04 24.73 24.79 23.69 23.42 
6.0 32.38 30.99 31.03 31.24 31.20 29.74 26.96 27.76 27.36 26.79 26.36 26.02 26.30 24.99 24.69 24.74 23.64 23.37 
6.5 32.07 Jo.71 30.74 30.96 3O.93 29.60 28.74 27.56 27.20 26.64 26.22 25.69 26.20 24.90 24.58 24.64 23.55 23.27 
7.0 31.72 3O.39 30.42 30.63 Jo.63 29.24 28.49 27.37 27.00 26.46 26.06 25.73 26.06 24.76 24.44 24.50 23.41 23.14 

E 30.99 30.22 29.70 26.97 29.73 29.00 19.94 29.21 29.26 29.96 28.63 27.99 27.92 27.30 26.87 26.32 26.00 26.53 25.51 26.02 25.62 26.13 25.32 24.64 24.68 24.24 23.97 24.40 24.08 23.66 23.71 24.13 23.06 22.65 22.60 22.40 
10.0 29.45 28.24 28.28 28.48 26.55 27.33 26.68 25.74 25.45 24.98 24.62 24.34 23.77 23.51 23.20 23.25 22.22 21.97 
11.0 26.69 27.53 27.57 27.76 27.64 26.68 26.05 26.16 24.89 24.44 24.09 23.83 23.28 23.04 22.73 22.76 21.77 21.63 
12.0 27.97 26.84 26.86 27.07 27.16 26.04 25.44 24.60 24.34 23.91 23.57 23.32 22.80 22.57 22.26 22.31 21.32 21.09 

15.0 25.96 24.93 24.97 25.16 25.27 24.27 23.72 22.99 22.77 22.39 22.09 21.87 21.41 21.21 20.91 20.96 20.03 19.82 
20.0 23.20 22.29 22.34 22.60 22.64 21.78 21.31 20.71 20.64 20.22 19.95 19.77 19.38 19.22 18.94 lB.98 18.16 17.97 
25.0 21.01 20.21 20.25 20.40 20.56 19.60 19.39 18.67 16.73 18.45 18.22 18.08 17.72 17.59 17.33 17.37 16.62 16.46 

2:: 19.26 17.81 18.62 17.14 17.19 18.67 18.71 17.32 18.86 17.47 16.66 la.ia 17.82 16.62 17.36 16.12 16.01 17.24 17.00 16.79 16.79 16.60 16.66 16.47 16.36 16.20 16.24 16.11 14.88 16.00 16.03 14.92 15.36 14.29 15.20 14.15 

40.0 16.60 16.98 16.03 16.16 16.30 15.73 16.43 16.06 14.97 14.77 14.69 14.48 14.23 14.16 13.94 13.97 13.38 
46.0 16.67 15.00 16.04 16.36 15.31 14.76 14.60 14.16 14.08 13.90 13.73 13.63 13.40 13.33 13.13 13.16 12.61 

;if.g 

60.0 14.69 14.15 14.19 14.30 14.45 13.95 13.69 13.36 13.31 13.14 12.99 12.89 12.68 12.62 12.42 12.46 11.94 11:82 
55.0 13.92 13.40 13.46 13.66 13.70 13.23 12.99 12.70 12.63 12.47 12.33 12.24 12.05 11.99 11.60 11.63 11.34 11.24 
60.0 13.24 12.75 12.80 12.90 13.04 12.60 12.37 12.10 12.04 11.69 11.75 11.67 11.48 11.44 11.26 11.29 10.62 10.72 

%:o" 12.64 12.10 12.17 11.66 12.22 11.70 12.31 11.79 12.46 11.93 12.03 11.63 11.82 11.32 11.67 11.09 11.51 11.03 11.37 10.90 11.24 11.16 10.99 10.94 10.77 10.80 1"g.i: '"9.;: 

1oo:o 2: 

il.ia 10.77 io.ai lo.90 11.02 

lcp~ . 10.04 9.42 10.07 9.45 1og.g . 1og.g . 103.~ 9:w ii.;; s:ia log::; 9.00 ii.;; a:96 l"9.g &iW 

'"9.;; 

9:32 a.76 

1g.g 

9:12 a.68 

1y; 

9:os a.55 

'"93; 

8196 a.42 

9:21 9:13 
a.61 a.53 
a.10 8.03 

160.0 7.636 7.361 7.392 7.461 7.554 7.316 7.194 7.069 7.042 6.969 6.896 6.653 6.769 6.740 6.635 6.655 6.388 6.334 
200.0 6.436 6.217 6.216 6.267 6.356 6.160 6.062 6.963 5.943 5.886 5.624 5.769 6.713 5.696 5.610 5.627 5.552 5.372 
260.0 6.706 6.510 6.450 5.494 5.576 6.419 5.365 5.271 5.274 5.216 6.136 6.129 6.072 6.034 4.955 4.971 4.936 4.780 
300.0 6.194 6.017 4.962 4.979 6.063 4.958 4.668 4.606 4.608 4.765 4.665 4.677 4.627 4.594 4.621 4.536 4.604 4.363 
360.0 4.616 4.662 4.603 4.619 4.66a 4.662 4.536 4.46O 4.463 4.414 4.361 4.343 4.298 4.267 4.201 4.216 4.163 4.066 

400.0 4.527 4.373 4.328 4.342 4.406 4.309 4.268 4.196 4.195 4.163 4.094 4.087 4.046 4.017 3.954 3.967 3.937 3.618 
450.0 4.296 4.152 4.111 4.126 4.167 4.094 4.062 3.966 3.990 3.947 3.692 3.684 3.846 3.819 3.760 3.772 3.742 3.631 
600.0 4.114 3.974 3.936 3.949 4.009 3.920 3.860 3.617 3.622 3.760 3.728 3.721 3.664 3.659 3.803 3.614 3.564 3.480 
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E/A 

l ****.* 

: : :  

3.6 
4.0 
4.6 

BE 
gc 

nc AL SI CA n CR FE II co GE SE SR z?t tl0 RB 
4 12 13 14 20 22 24 26 28 29 32 34 38 40 42 45 4:G 

'.*****~**1***...*.*********~***.******.*.********....**. ~**.*****,*.*IC*********..*.*.**.*****...***.******.****.******.**~.** 
5.610 5.380 7.603 7.580 7.440 8.862 9.590 10.094 10.470 10.870 11.110 11.880 12.280 12.819 13.030 13.247 13.846 14.000 
6.208 6.058 8.478 8.491 8.346 9.865 10.761 11.311 11.725 12.l56 12.482 13.340 13.817 14.404 14.634 14.913 15.495 15.785 
6.827 6.743 9.360 9.420 9.255 10.867 11.907 12.519 12.967 13.426 13.835 14.778 16.326 15.959 16.207 16.542 17.286 17.527 
7.467 7.441 10.264 10.365 10.176 11.876 13.068 13.730 14.211 14.693 15.184 16.209 16.826 17.502 17.766 18.156 19.045 19.249 
8.132 8.166 11.165 11.307 11.111 12.897 14.240 14.950 15.462 15.966 16.539 17.644 18.328 19.045 IS.324 19.767 20.789 20.965 

5.0 8.822 8.890 12.094 12.277 12.064 13.933 15.428 16.184 16.727 17.260 17.904 19.089 19.838 20.598 20.889 21.383 22.530 22.684 
6.5 9.536 9.643 13.044 13.267 13.036 14.987 16.634 17.436 18.008 18.549 19.285 20.649 21.362 22.158 22.466 23.010 24.274 24.413 
6.0 10.276 10.418 14.014 14.279 14.029 16.00 17.860 18.707 19.308 19.865 20.683 22.026 22.903 23.737 24.059 24.652 26.027 26.155 
6.5 11.041 11.214 15.007 16.314 15.042 17.154 19.108 19.999 20.628 21.200 22.101 23.522 24.463 26.335 25.669 26.312 27.792 27.914 
7.0 Il.832 12.031 16.021 16.370 16.078 18.268 20.378 21.314 21.970 22.555 23.541 25.041 26.044 26.953 27,300 27.991 29.572 29.692 

6.0 
9.0 

10.0 

2:: 

15.0 

2:: 
30.0 
35.0 

13.49 13.73 18.12 18.55 18.21 20.56 22.99 24.01 24.72 25.33 X.49 28.15 29.27 30.26 30.63 31.41 33.19 33.31 
16.25 15.52 20.31 2Q.83 20.44 22.94 25.69 26.80 27.57 28.20 29.53 31.35 32.60 33.66 34.05 34.93 36.88 37.03 
17.10 17.40 22.59 23.20 22.76 25.41 28.60 29.69 30.51 31.16 32.67 34.65 38.03 37.15 37.57 38.54 40.67 40.84 
19.06 19.36 24.96 26.66 25.16 27.98 31.40 32.68 33.55 34.21 36.91 38.05 39.56 40.75 41.19 42.26 44.55 44.76 
21.11 21.42 27.42 28.22 27.66 30.63 34.40 35.77 36.69 37.37 39.25 41.56 43.20 44.46 44.92 46.08 48.52 48.78 

27.64 28.09 35.36 36.45 35.66 39.12 43.99 45.63 46.70 47.40 49.87 52.71 64.75 66.20 56.72 56.16 61.06 61.46 
40.89 40.89 50.31 51.96 60.79 55.02 61.91 63.99 65.31 66.02 69.58 73.35 76.10 77.67 78.46 80.39 63.94 84.79 
56.14 55.69 67.38 69.65 67.99 73.03 82.16 84.72 66.28 86.96 91.73 96.51 100.03 102.10 102.76 105.16 109.35 110.73 
73.60 72.41 S5.48 89.42 87.20 93.08 104.66 107.71 109.52 110.14 116.23 122.11 126.44 128.81 129.52 132.45 137.21 139.21 
92.88 90.98 107.63 111.19 108.35 115.10 129.33 132.89 134.96 135.48 143.00 150.05 155.27 157.92 158.66 162.13 167.46 170.16 

40.0 114.2 111.3 130.5 134.9 131.4 139.0 156.1 160.2 162.5 162.9 172.0 180.3 186.4 189.4 190.1 194.1 200.0 203.5 
45.0 137.4 133.4 155.2 160.5 156.2 164.8 184.9 189.6 192.1 192.4 203.1 212.7 219.9 223.1 223.8 228.4 234.9 239.2 
50.0 162.5 157.1 181.8 187.9 182.8 192.3 215.7 220.9 223.8 223.8 236.3 247.3 255.5 259.0 259.8 264.9 271.9 277.1 
55.0 189.3 182.5 210.1 217.2 211.2 221.6 248.4 254.3 257.3 257.2 271.5 284.0 293.3 297.0 297.6 303.5 311.1 317.2 
60.0 217.9 209.5 240.0 248.1 241.2 252.6 283.0 289.5 292.8 292.5 308.7 322.8 333.2 337.1 337.9 344.2 352.4 359.5 

65.0 248.2 236.0 271.7 280.8 272.8 285.3 319.5 326.6 330.2 329.6 347.9 363.5 375.2 379.3 380.1 387.0 395.7 403.9 
70.0 280.2 266.0 304.9 315.1 306.1 319.6 357.6 385.5 389.4 368.5 388.9 406.2 419.2 423.5 424.2 431.7 441.1 450.3 
80.0 348.9 332.4 376.1 388.5 377.3 392.9 439.5 448.6 453.0 451.6 476.5 497.3 613.0 517.7 618.3 527.1 537.6 549.1 
90.0 423.9 402.4 453.3 468.2 454.6 472.4 528.0 538.6 543.5 541.2 671.1 596.8 614.3 619.4 619.9 630.0 641.8 655.6 

100.0 505.0 478.0 536.4 563.9 537.6 557.7 623.1 635.1 640.6 637.5 672.6 701.3 722.9 728.3 728.7 740.1 753.3 769.4 

150.0 993.3 930.8 1032.9 1066.7 1033.7 1066.3 1188.7 1209.3 1217.3 1208.7 1274.7 1326.9 1366.7 1373.3 1372.5 1391.2 1412.1 1441.4 
200.0 1606.2 1493.6 1648.9 1701.1 1660.7 1696.3 1889.0 1920.1 1929.3 1912.8 2017.1 2081.8 2147.4 2168.1 2166.3 2192.4 2209.5 2265.8 
260.0 2324.0 2146.7 2363.0 2438.2 2371.2 2426.0 2700.4 2751.0 2752.4 2726.1 2874.8 2952.8 3348.1 x187.3 X80.7 3123.0 3127.5 3216.7 
300.0 3128.9 2877.3 3161.7 3262.5 3176.7 3241.1 3606.2 3888.8 3370.6 3632.9 3831.0 3924.2 4052.3 4111.2 4100.1 4159.4 4149.7 4274.3 
360.0 4009.7 3875.7 4033.9 4162.8 4X6.2 4130.6 4694.4 4714.9 4671.6 4621.3 4372.9 4983.0 5146.4 6226.1 6209.9 6287.5 6252.3 5424.9 

400.0 
450.0 
500.0 

4957. 4533. 4971. 5130. 5001. 5085. 
5964. 5444. 5966. 6156. 6002. 8098. 
7022. 6400. 7010. 7235. 7055. 7161. 

~*~***~*.*.***.*.****.....~*.******~**.***. 

5745. 5681. 5995. 6119. 6320. 6421. 6399. 6496. 6454. 6657. 

ZE: 6804. 7983. 7173. 8415. 7322. 8586. 7563. 8868. 7686. 9014. 7658. 8979. 7775. 9117. 7717. 9341. 7961. 9329. 

.*****a 
E/A 

l **.**. 

2.5 
3.0 
3.5 
4.0 
4.5 

SB TE 9A LA PR sn 
SO 62 56 67 59 62 

~+**L*****.****..**..**.*....*.*******...** 
14.70 15.25 16.47 16.79 17.41 16.30 
16.61 17.25 18.47 18.77 19.41 20.42 
18.'46 19.19 20.41 20.70 21.35 22.47 
20.29 21.11 22.32 22.60 23.26 24.49 
22.12 23.02 24.23 24.49 25.16 26.49 

5655. 5815. 
6779. 6980. 
7960. 8202. 

l *.******.**** 

GD 80 
64 67 

. . ..*.***...*I 
18.84 19.63 
21.02 21.84 
23.14 24.07 
25.21 26.25 
27.27 28.41 

~*************~****.*.*.*******.*.*.*..*****.*.*.*********.*.***.***** 
RI LU TA RJ3 IR AU PB BI M U 

69 71 73 75 77 79 a2 83 so 92 
~***.4*****.****.*********.**.*..~*..*..*****.***********~.*~****~.... 

19.95 20.35 20.76 21.20 21.63 22.03 22.55 22.74 24.38 24.90 
22.30 22.77 23.22 23.70 24.23 24.66 25.21 25.39 27.15 27.70 
24.57 25.09 25.60 26.11 26.72 27.16 27.76 27.94 29.81 30.39 
26.79 27.37 27.91 28.46 29.15 29.64 30.25 30.42 32.40 33.02 
28.99 29.62 30.20 30.78 31.54 32.07 32.70 32.87 34.96 35.61 

5.0 
5.5 

2: 
7.0 

23.94 24.93 26.13 28.38 27.06 28.49 29.32 30.56 31.18 31.85 32.47 33.09 33.91 34.47 35.14 35.30 37.50 38.18 
26.77 26.84 28.06 28.28 28.97 30.49 31.38 32.71 33.36 34.08 34.74 35.39 36.28 36.87 37.56 37.72 40.03 40.74 
27.62 28.77 29.97 30.20 30.88 32.50 33.45 34.86 35.55 36.32 37.01 37.69 38.65 39.27 39.99 40.14 42.57 43.31 
29.48 30.71 31.92 32.13 32.81 34.52 35.53 37.03 37.75 38.56 39.30 40.00 41.03 41.67 42.43 42.57 45.11 45.86 
31.36 32.68 33.86 34.07 34.76 36.57 37.62 39.22 39.96 40.82 41.59 42.32 43.41 44.09 44.87 45.01 47.67 46.46 

6.0 

1::: 
11.0 
12.0 

35.19 36.67 37.87 38.04 38.72 40.71 41.88 43.64 44.44 45.40 46.24 47.02 48.24 48.97 49.82 49.96 52.83 53.69 
39.11 40.76 41.96 42.09 42.77 44.95 46.22 48.16 49.01 60.05 50.96 61.81 53.14 53.93 54.86 54.96 58.08 bS.CQ 
43.13 44.96 46.14 46.25 46.93 49.29 50.67 52.76 53.68 64.81 65.79 56.69 58.14 68.99 59.97 60.07 63.43 64.40 
47.26 49.26 SO.44 50.52 51.18 53.73 55.22 57.48 58.44 59.66 60.72 61.67 63.24 64.14 65.19 65.29 68.88 69.92 
51.50 53.68 54.85 54.90 55.55 58.29 59.88 62.30 63.32 64.63 65.75 88.76 68.45 69.40 70.53 70.61 74.45 75.55 

15.0 64.87 67.60 68.76 68.71 69.30 72.61 74.55 77.45 78.62 80.19 81.53 82.70 84.75 85.86 87.22 87.27 91.88 93.17 
20.0 89.36 93.10 94.21 93.97 94.42 98.76 101.27 104.98 106.40 108.42 110.15 111.59 114.24 115.62 117.40 117.38 123.37 125.00 
25.0 116.58 121.41 122.45 122.02 122.27 127.68 130.83 136.37 137.03 139.63 141.66 143.39 146.66 148.28 150.56 150.46 157.95 159.94 
30.0 146.44 162.45 153.43 152.76 162.78 159.34 183.16 168.56 170.45 173.44 176.00 178.03 181.95 183.82 186.63 186.46 195.56 197.92 
35.0 178.87 186.16 187.04 186.13 165.86 193.65 198.15 204.46 206.59 210.10 213.11 215.44 220.04 222.14 225.66 225.29 236.10 238.68 

40.0 213.8 222.4 223.2 222.0 221.4 230.5 235.8 243.0 245.4 249.4 252.9 265.5 260.9 263.2 267.2 266.9 279.5 282.7 
45.0 251.1 261.2 261.9 260.4 259.4 269.9 275.9 284.1 286.7 291.3 296.3 298.3 304.3 3X.9 311.6 311.2 325.7 329.4 
50.0 290.8 302.4 303.0 301.2 299.8 311.7 318.5 327.7 330.6 335.8 340.3 343.6 350.4 353.2 358.6 368.1 374.7 378.8 
55.0 332.8 346.0 346.4 344.3 342.5 355.9 363.5 373.7 376.9 382.6 397.7 391.4 399.0 402.0 408.2 407.5 426.3 430.9 
80.0 377.0 391.9 392.2 389.7 387.4 402.4 410.9 422.1 426.5 431.9 437.5 441.6 450.0 453.2 460.3 459.4 480.4 486.5 

65.0 
70.0 

$2: 
100.0 

423.4 440.1 440.2 437.3 434.5 
472.0 490.5 490.4 487.2 483.8 
575.3 597.7 697.2 593.1 688.6 
886.6 713.2 712.3 707.3 701.4 
805.6 838.8 835.3 829.4 822.0 

‘2: 
610.4 

2::: 

E4.f e430:1 
784.6 
917.4 

494.2 503.4 508.9 514.8 513.8 637.1 
549.1 659.2 582.9 571.7 670.6 596.3 
685.7 677.6 681.7 892.5 691.0 721.9 
791.0 804.9 809.4 822.2 620.4 856.7 
924.8 940.6 945.5 960.5 958.3 1000.5 

642.8 

Fz;.t 
865:2 

1010.2 

150.0 
200.0 
250.0 
300.0 
350.0 

1508. 1565. 1561. 1649. 
2369. 2468. 2451. 2432. 
3362. 

zi:. 3485. 
3468. 

4467. 4642. 4609. 
5668. 5874: 5899. 5863. 

6955. 7206. 7245. 7204. 
8316. 8616. 6669. 8623. 
9769. 10094. 10161. 10110. 

1532. 
2403. 

ii::: 
5783. 

1586. 
2484. 
3527. 
4690. 
5953. 

460.6 472.9 476.5 483.6 
512.5 526.9 529.6 537.5 
622.8 638.5 643.0 662.0 
741.5 759.6 764.7 TT5.1 
888.3 889.0 894.6 906.5 

1616. 1649. 1658. 
2628. 2578. ifi::: 
3585. 3853. ~~: 3708. 

zz: z:: 6157. 4860. 4915. 6227. 

7401. 7535. 7645. 7630. 
8845. 9004. 9012. 9113. 

10369. 10543. 10549. 10667. 

1697. 1710. 
2649. 2x367. 
3761. 3773. 
4976. 5001. 
6307. 6334. 

1737. 1744. 1772. 1767. 1843. 1860. 
2707. 2717. 2760. 2763. 2847. 2896. 
3626. 

2%:: 
3904. 
5174. EZ: 

3997. 4083. 
5067. 5272. 5400. 
6415. 6450. 6553. 6533. 6657. 6828. 

406.0 
460.0 
600 0 

7104. 7305. 
8502. 8735. 
9967. 10234. 

7731. 7760. 
9235. 9267. 

10811. 10846. 

7856. 
7901. acm2. 9378. 9434. %: 9554. 

10974. 11040. 11215. 11180. 

8137. 8356. 
9702. 9987. 

11341. 11656. 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

=ECTROBIC BTOPPIlG POWER IS UXITS OF HEV/(HG/SQ C?f) 
121 

SB Ions 
61 

WA BE 
8" 12 

Is AL SI CA 11 CR FE 31 al GE SE SR 26 HO RH 
4 13 14 20 22 24 25 28 29 32 34 36 40 42 46 47pG 

. . ..***.*..~+.I.**.**...**.**......******.....*..*...*...~**.*.~*.~~**..~*...*..*.*..***.**..**..~*.*.*****~..******.*~.~.~.**~*..** 

;.t 
104.6 

E::: 
70.2 

ii:: fK3 
50.8 62.4 48.4 47.1 41.4 

3:s 
101.4 70.0 

57:2 
51.4 63.1 x 

63.1 60:s 
49.3 48.1 2.: 424 z: 

36.1 37.5 35.2 32.4 

46:6 42:s ' 
39.2 38.7 

z:; 
33.8 i-i:; 

Z.8 ii-: z: 
49.6 35.6 

t:: 
fs?: 

91:2 86:o 55:s &I:1 if':3 
g-3 
6S:b 

62.7 60.5 49.3 ix 
48.9 4Ps:l 

46.6 ix 
62.1 2:; 

%I 23 
SO.1 46.2 4018 3918 3914 ii:: 

2:; 
36.3 ZZ:: 

160.0 II.27 12.18 11.13 10.80 11.14 10.88 9.79 9.56 9.51 9.71 9.22 8.87 8.52 8.51 8.53 8.64 8.44 8.29 
200.0 

i?:: 10-22 
9.06 9.28 9.13 8.21 7.75 7.54 7.39 7.24 7.27 7.17 7.24 6.99 

260.0 
200.0 7:39 

8.99 t-if 
7:46 

7.97 8.16 8.06 7.26 7:: 

9:: 
7.22 7.39 7.31 5.68 

360.0 5.82 . 5.59 5.57 5.83 5.76 5.08 i%i 

X 8::: 5.85 5.76 5.63 5.40 5.43 5.32 5.41 6.19 
5.49 5.67 5.23 5.13 6.93 6.82 6.86 6.76 6.54 
5.01 8.08 6.77 6.58 6.60 6.39 6.42 6.33 248: 6.23 

400.0 5.380 7.060 5.465 5.264 5.405 6.335 6.705 6.604 6.536 6.711 6.419 6.329 6.168 6.057 6.091 6.011 6.078 4.916 

::::: 
5.038 5.578 5.115 6.924 5.070 5.005 6.409 6.223 6.346 6.417 6.142 6.064 4.893 4.809 4.833 4.767 4.821 4.557 
6.754 5.379 6.843 6.569 6.801 6.740 6.170 4.997 6.111 6.181 4.918 4.832 4.580 4.501 4.524 4.662 4.513 4.465 

. ..***.***+1..1*~**.*.*....*..***~.***~**...*.*.*...**...**.*....**..***~**.**..**~***.*~*.****...*.**.**~**.*********..*****...*... 
E/A 51 TE BP LA 6gPR 52SH CD 80 l?l LU 73TA BE 771R 7sAU B2PB b3BI wTH s2U 

60 62 65 67 54 67 69 71 76 
*.*.~+*1*.*.**.+**+***..**.*~.**.***.*.*.*.*..***...*.*.*...**.*.*..****~......***~*..*.*..*******.*.**..,***.***~**.*****~~~.*..*~. 

2.6 31.63 30.05 30.11 30.33 30.06 28.33 27.46 26.91 26.36 24.59 24.21 23.81 22.96 22.56 22.40 22.45 21.63 21.28 
32.70 31.20 31.26 31.45 31.23 29.62 28.84 27.14 25.50 26.93 26.46 26.06 24.19 23.58 23.51 23.57 22.56 22.40 
33:34 31.84 31.88 32.10 31.91 30.22 28.34 27.88 27.37 25.71 25.23 26.84 26.00 24.57 24.39 24.46 23.39 23.12 
33.54 32.16 32.18 32.40 32.26 30.50 29.73 28.32 27.53 27.18 25.70 25.32 26.60 26.17 24.88 24.93 23.86 23.67 
33.71 32.23 32.27 32.49 32.37 30.75 29.90 28.64 28.07 27.44 25.97 25.69 26.79 26.47 26.15 26.22 24.11 23.83 

E 
4:o 
4.6 

It:: 
E 
7:o 

t-z 
1o:o 
11.0 
12.0 

16.0 
20.0 
26.0 

$2 

33.53 32.17 32.20 32.43 32.34 30.75 29.92 28.51 28.15 27.64 27.08 25.71 26.94 26.51 26.30 26.35 24.24 23.95 
33.46 32.01 32.04 32.25 32.20 30.55 29.84 28.67 28.14 27.64 27.09 25.73 26.98 26.56 26.34 26.40 24.27 23.99 
33.20 31.78 31.81 32.03 31.99 30.48 29.58 28.46 28.04 27.45 27.01 25.57 26.94 26.52 26.30 26.35 24.23 23.96 
32.89 31.60 31.63 31.74 31.72 30.25 29.47 28.28 27.89 27.32 25.89 25.66 26.84 26.63 26.21 26.25 24.14 23.85 
32.66 31.18 31.21 31.43 31.42 29.98 29.22 28.08 27.70 27.14 25.72 25.39 26.70 26.39 26.07 26.12 24.01 23.73 

31.81 30.49 30.62 30.73 30.75 29.39 28.66 27.68 27.23 25.70 25.29 26.98 26.33 26.04 24.71 24.77 23.57 23.40 
31.04 2S.75 29.79 30.00 30.06 28.76 28.04 27.03 28.70 25.20 26.81 26.61 24.89 24.51 24.29 24.34 23.25 23.00 
30.25 29.03 29.05 29.25 29.33 28.09 27.41 25.46 25.16 26.57 26.29 26.01 24.42 24.15 23.83 23.85 22.62 22.67 
29.60 28.31 28.34 28.64 28.52 27.43 25.78 26.87 26.69 26.13 24.77 24.60 23.93 23.58 23.35 23.41 22.37 22.13 
28.77 27.51 27.54 27.84 27.94 25.78 25.15 26.29 26.03 24.69 24.24 23.98 23.44 23.21 22.89 22.6’4 21.92 21.58 

25.73 26.57 26.71 26.89 25.02 24.98 24.42 23.57 23.44 23.06 22.74 22.61 22.03 21.83 21.62 21.67 20.62 20.40 
23.92 22.99 23.03 23.20 23.34 22.45 21.97 21.36 21.17 20.84 20.67 20.38 19.98 19.81 19.62 19.67 18.72 18.62 
21.59 20.86 20.90 21.06 21.21 20.43 30.00 19.47 IS.32 19.04 18.80 18.53 15.28 18.16 17.88 17.92 17.16 15.97 
IS.89 IS.13 19.15 IS.32 19.48 lB.tB 18.40 17.93 17.81 17.66 17.34 17.19 15.88 15.77 15.62 15.65 16.86 lb.59 
18.41 17.72 17.75 IT.90 15.05 17.42 17.07 15.56 15.66 15.32 15.12 16.99 16.71 16.52 16.38 16.41 14.75 14.52 

g:i 
66:o 
5Q.0 

17.17 15.63 15.67 15.70 15.85 15.27 16.96 16.68 16.48 16.27 16.09 14.97 14.72 14.54 14.41 14.44 13.84 13.70 
15.,11 16.61 16.65 16.55 16.84 16.28 16.00 14.56 14.67 14.37 14.21 14.10 13.85 13.79 13.68 13.51 13.04 12.92 
l6..2i 14.54 14.59 14.80 14.96 14.44 14.17 13.86 13.77 13.60 13.44 13.34 13.12 13.05 12.86 12.89 12.36 12.23 
14.41 13.68 13.93 14.03 14.18 13.70 13.46 ;:::z 13.08 12.92 12.77 12.57 12.47 12.41 12.22 12.26 Il.74 11.53 
13.71 13.21 13.26 13.35 13.60 13.06 12.81 12.47 12.31 12.17 12.09 11.89 11.84 11.55 11.59 11.21 11.10 

%8 
5G:o 
90.0 

100.0 

13.09 12.51 12.55 12.75 12.90 12.47 12.24 11.98 11.92 11.78 11.54 11.65 11.38 II.34 11.15 11.18 10.73 10.53 
12.64 12.08 I2.12 12.22 12.35 Il.96 Il.73 II.49 11.43 11.29 Il.17 Il.09 IO.92 10.88 11.69 11.17 11.21 11.30 11.43 11.06 10.85 1yJJ log.;; lcJ:# I"9.g '"9:;~ '"9.:; 10.09 '"9.3; 

9128 

'"9:;; '"9.;; 

a:93 

'"9::: 

10.80 10.46 IO.63 10.55 10.31 10.13 9.43 9.31 8.86 
10.14 lOgA+ . 9.81 9.89 10.01 8.59 9.62 e:34 9:30 9.1s 9:os 9.03 e:so 8.87 8.73 8.75 8.40 8.33 

160.0 7.931 7.546 7.575 7.739 7.846 7.697 7.471 7.341 7.313 7,237 7.151 7.115 7.019 7.000 5.890 5.910 5.533 5.678 
200.0 5.590 5.450 5.469 5.612 5.507 5.401 5.29s 5.197 5.175 5.116 5.061 5.016 6.S37 6.919 6.829 6.845 6.759 6.682 
260.0 6.931 6.728 6.54I6 6.711 6.798 6.533 6.677 6.479 6.482 6.421 6.340 6.331 6.272 6.233 6.160 6.158 6.131 4.958 
3Go.o 6.400 6.215 6.169 6.177 6.264 6.134 6.083 4.886 4.999 4.943 4.871 4.853 4.810 4.775 4.701 4.715 4.582 4.635 
360.0 6.008 4.838 4,787 4.803 4.576 4.754 4.717 4.537 4.541 4.690 4.624 4.615 4.459 4.437 4.358 4.382 4.360 4.217 

400.0 4.708 4.647 4.601 4.615 4.684 4.481 4.435 4.353 4.357 4.319 4.268 4.260 4.205 4.177 4,112 4.125 4.094 3.971 
460.0 4.471 4.319 4.275 4.290 4.366 4.265 4.216 4.145 4.160 4.106 4.047 4.040 3.999 3.972 3.911 3.923 3.892 3.777 
SM.0 4.279 4.134 4.094 4.108 4.itO 4.077 4.035 3.971 3.976 3.932 3.878 3.870 3.832 3.805 3.748 3.769 3.728 3.520 

55:: 88.03 82.88 56.67 52.82 53.97 68.89 61.42 49.61 48.34 47.56 44.81 42.35 40.66 39.62 39.16 37.93 36.30 36.68 
86.01 80.70 54.18 51.63 52.71 67.59 60.53 48.80 47.70 47.08 44.30 41.91 40.15 39.17 38.83 37.54 36.19 36.46 

;:; 
82.18 75.67 52.80 60.24 51.43 65.85 49.79 45.06 47.00 45.46 43.72 41.40 39.71 38.76 35.43 37.29 34.99 36.16 
79.62 75.61 51.44 68.95 50.17 66.81 45.93 47.17 45.27 46.78 43.10 40.86 39.21 38.29 37.99 35.88 34.73 34.80 

. 77.03 74.63 50.12 67.72 68.93 64.78 48.08 45.48 46.63 46.09 42.47 40.27 38.58 37.80 37.62 35.46 34.42 34.42 

8.0 72.61 70.81 67.50 66.36 65.65 62.75 45.40 44.92 44.05 43.70 41.18 39.10 37.69 35.79 35.63 36.63 33.72 33.61 
9.0 55.63 57.43 66.27 63.14 64.36 60.56 44.79 43.42 42.53 42.34 39.92 37.93 35.61 36.75 36.63 34.69 32.97 32.75 

10.0 56.00 54.37 63.12 61.0s 62.30 49.05 43.25 41.99 41.25 41.03 38.59 35.80 36.46 34.75 34.66 33.55 32.19 31.92 
11.0 51.85 51.69 61.13 49.21 60.40 47.38 41.54 40.54 39.95 39.78 37.63 36.72 34.43 33.79 33.50 32.75 31.42 31.09 
12.0 69.03 69.05 49.30 47.45 18.54 46.82 40.60 39.37 38.74 38.80 35.43 34.59 33.45 32.85 32.59 31.89 30.67 30.30 

16.0 62.07 62.58 44.68 42.97 44.09 41.74 35.98 35.03 36.61 36.44 33.47 31.93 30.84 30.36 30.22 29.63 28.65 28.11 

2:: 
43.83 44.90 35.54 37.28 38.31 35.48 32.41 31.56 31.26 31.27 29.66 28.24 27.32 25.96 25.85 25.31 26.51 26.11 
3B.08 39.36 34.25 33.08 34.03 32.64 28.97 28.33 28.01 25.07 25.66 26.40 24.50 24.31 24.26 23.78 23.24 22.76 

2X 
33.83 35.18 30.89 29.86 30.73 29.47 25.28 26.73 26.45 26.66 24.17 23.16 22.43 22.20 22.15 21.75 21.33 20.86 
30.64 31.91 28.21 27.28 28.09 27.01 24.11 23.53 23.41 23.60 22.26 21.32 20.57 20.48 20.45 20.10 19.74 19.29 

40.0 27.S2 29.30 25.03 26.18 26.94 24.99 22.33 21.90 21.70 21.81 20.56 19.80 19.21 IS.06 19.04 18.72 18.41 17.98 

Z.8 
26.77 27.14 24.21 23.42 24.14 23.30 20.83 20.44 20.27 20.38 19.30 18.62 17.97 17.84 17.83 17.66 17.27 15.87 

66:0 
23.SB 26.32 22.57 21.94 22.52 21.89 19.66 19.20 19.06 19.15 lb.16 17.42 15.91 15.80 15.80 lb.64 15.29 16.91 
22.46 23.77 21.34 20.55 21.30 20.51 lb.45 18.13 17.99 18.11 17.15 15.47 16.99 16.89 16.90 16.55 16.44 16.08 

50.0 21.14 22.44 20.19 18.66 20.15 19.63 17.60 17.19 17.07 17.18 15.28 16.54 16.18 16.10 16.11 14.89 14.59 14.34 

%:"o 
20.01 21.27 19.18 18.68 19.15 18.67 15.56 16.35 18.26 15.37 16.61 14.90 14.47 14.40 14.41 14.20 14.02 13.69 
19.00 20.24 15.28 17.71 15.27 17.73 16.89 16.63 16.63 16.54 14.82 14.24 13.83 13.77 13.78 13.69 13.42 13.11 

.E 
17.33 18.61 15.77 15.26 15.75 15.28 14.51 14.37 14.29 14.40 13.56 13.12 12.76 12.70 12.71 12.66 12.39 12.12 

10o:o 
16.97 17.10 16.63 16.06 16.63 16.10 13.65 13.34 13.27 13.38 12.59 12.20 11.86 11.81 11.83 11.58 Il.64 II.29 
14.86 16.94 14.49 14.06 14.60 14.12 12.58 12.48 12.42 12.63 Il.88 11.43 11.10 11.07 11.09 IO.96 10.82 10.50 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

121 
RPECE II UsITS OF HG/SQ a SB IOUS 

61 

E/A BE 
4 2 12 

It2 AL SI CA 11 CR FE III aJ GE SE SR ZR no RB 
13 14 20 22 24 26 20 29 32 34 38 40 42 46 47 

.~.**.**.....***~*.*..*******....**..~~~**.**.*~*.***..***.*****...*..*..~**.*.*~*.**...*.*.~**..~*~**..**********~....****.**..**.* 
2.6 6.660 6.330 7.634 7.610 7.370 a.782 9.610 10.017 10.390 10.780 11.020 11.770 12.160 12.697 13.130 13.629 13.880 
3.0 6.147 6.996 6.396 6.414 6.262 9.771 10.665 11.217 11.627 12.049 12.373 13.211 13.676 14.261 

12,910 
14.493 14.773 16.364 16.642 

3.6 6.764 6.673 9.264 9.322 9.168 10.768 11.794 12.407 12.862 13.300 13.707 14.626 16.164 16.793 16.043 16.379 17.119 17.369 
4.0 7.382 7.360 10.143 10.242 10.063 11.761 12.937 13.699 14.076 14.648 16.036 16.037 16.642 17.314 17.680 17.970 18.863 19.066 
4.6 8.033 8.063 11.039 11.178 10.983 12.768 14.090 14.800 16.308 16.801 16.369 17.460 18.120 18.833 19.114 19.666 20.671 20.746 

6.0 8.709 6.763 11.962 12.131 11.920 13.776 16.268 16.014 16.662 17.064 17.712 la.672 19.606 20.369 20.666 21.147 22.264 22.439 

::: 10.132 9.408 10.283 9.623 12.886 13.838 13.104 14.098 12.876 13.860 14.811 16.866 16.444 17.649 17.246 18.494 17.812 19.090 18.341 19.636 19.070 20.446 20.307 21.760 21.106 22.620 21.898 23 449 22 23'772 206 22 24'363 748 24 26'724 000 24.140 26.863 
6.6 10.880 11.063 14.612 16.113 14.846 18.939 18.876 19.764 20.367 20.947 21.638 23.231 24.163 26:OZO 26:366 26:994 27:469 27.663 
7.0 11.664 11.864 16.807 16.160 16.861 16.033 2Q.122 21.066 21.706 22.276 23.262 24.722 26.707 26.610 26.968 27.644 29.269 29.330 

8.0 13.27 13.63 17.86 18.29 17.96 20.28 22.68 23.70 24.41 26.00 26.16 27.77 28.88 29.86 30.23 31.01 32.76 32.89 
9.0 14.99 16.28 20.01 20.62 20.14 22.62 26.34 26.44 27.20 27.62 29.13 30.91 32.16 33.19 33.68 34.46 38.39 38.63 

10.0 16.80 17.12 22.24 22.86 22.41 26.04 28.09 29.28 30.08 30.72 32.21 34.16 36.61 38.62 37.04 38.00 40.10 40.28 
11.0 18.71 19.04 24.66 26.26 24.77 27.66 30.93 32.21 33.06 33.72 36.36 37.49 38.97 40.16 40.69 41.66 43.91 44.12 
12.0 20.72 21.06 X.97 27.76 27.21 30.16 33.87 36.23 36.14 36.80 38.66 40.93 42.64 43.79 44.24 46.39 47.80 48.06 

16.0 27.26 27.67 34.73 36.81 36.06 38.46 43.26 44.86 46.94 46.63 49.06 61.86 63.86 66.29 66.80 67.23 SO.07 60.61 
20.0 40.00 40.06 49.36 60.98 49.63 64.01 SO.76 62.84 64.14 64.84 88.34 72.04 74.74 76.49 77.08 78.96 82.48 83.32 
26.0 64.86 64.49 68.02 88.24 66.62 71.60 80.66 63.08 84.63 86.30 89.98 84.67 98.11 100.16 100.82 103.21 107.31 108.67 

2:: 71.74 SO.60 70.78 88.86 106.17 84.66 108.76 87.62 106.98 86.36 112.64 91.17 102.62 126.68 106.62 130.09 107.32 132.12 107.92 132.64 113.89 140.01 119.66 146.92 123.90 162.03 126.24 164.64 126.96 166.39 129.83 168.79 134.61 164.03 136.48 166.68 

40.0 111.3 108.7 127.6 131.9 128.4 136.9 162.7 166.7 169.0 169.4 166.3 176.4 182.4 166.3 186.1 190.0 196.8 199.2 
46.0 133.9 130.1 161.6 166.6 162.6 161.0 180.7 186.3 187.9 188.1 198.6 208.0 216.0 218.1 218.9 223.4 229.7 234.0 
60.0 168.3 163.2 177.6 183.6 178.6 167.9 210.7 216.9 218.7 216.7 230.9 241.7 249.7 263.1 263.9 268.9 266.8 270.9 
66.0 184.4 177.9 206.0 211.9 206.1 216.4 242.6 248.3 261.4 261.2 266.2 277.4 286.6 290.2 291.0 296.6 304.0 310.0 
60.0 212.2 204.1 234.2 242.0 236.3 246.6 276.3 282.6 286.9 266.6 301.4 316.2 326.4 329.2 330.0 336.2 344.2 361.1 

66.0 241.6 231.8 264.3 273.6 268.1 276.3 311.7 318.7 322.2 321.6 339.6 364.8 366.2 370.3 371.0 377.6 386.4 394.3 
70.0 272.6 261.0 297.2 307.2 298.4 311.7 348.9 366.6 380.3 369.6 379.4 396.3 409.0 413.3 414.0 421.4 430.6 439.6 
80.0 339.4 323.6 366.4 378.6 367.7 383.0 428.4 437.4 441.7 440.2 484.6 484.9 600.2 604.9 606.6 614.1 624.4 636.6 
SO.0 412.2 391.7 441.6 466.0 442.7 460.2 614.6 624.8 629.6 627.6 666.6 680.7 698.7 603.7 604.3 614.1 626.7 639.1 

100.0 490.9 466.0 622.2 639.3 623.6 643.2 606.8 618.6 624.0 621.0 666.2 883.2 704.3 709.6 710.0 721.2 734.0 749.6 

160.0 984.8 904.6 1004.3 1036.2 1006.1 1037.0 1166.1 1176.2 1184.1 1176.7 1239.9 1290.8 1329.6 1336.1 1336.3 1363.6 1374.0 1402.4 
200.0 1669.3 1460.8 1601.9 1662.7 1603.8 1648.4 1836.7 1866.0 1876.1 1869.1 1960.4 2023.4 2087.2 2107.6 2104.8 2131.1 2147.9 2202.6 
260.0 2266.4 2084.3 2294.7 2367.7 2302.7 2366.2 1622.8 2672.1 2873.6 2648.0 2792.6 2868.4 2961.0 2999.2 2992.8 3033.9 5038.6 3126.1 
300.0 3336.9 2793.0 3069.2 3167.1 3063.8 3146.7 3601.3 3681.6 3664.0 3627.6 3719.9 3810.6 3934.9 3992.2 3981.6 4039.2 4029.8 4160.9 
360.0 3889.9 3667.3 3914.9 4040.1 3936.6 4009.2 4469.6 4676.6 4634.7 4466.9 4730.2 4837.2 4996.9 6073.4 6067.7 6133.1 6106.8 6266.7 

400.0 4809. 4399. 4823. 4978. 4862. 4936. 6488. 66%;: 6676. 6614. 6813. 6938. 6134. 6232. 6211. 6306. 6266. 6461. 
460.0 6784. 6282. 6787. 6973. 6823. 6916. 6678. 667s. FE: 6960. 7106. 7339. -W: 7432. 7646. 7489. 7726. 
600.0 6610. 6209. 6800. 7018. 6844. 6946. 7723. 7967. 7837. 8164. 8330. 8604. 8712. 8846. 6772. 9062. 

*..l***.***.***.**...**.***~***********.**.*****.***~**.******~.******.*****.*.****.*~**.**.*****..**********.****..,...*.***.*..*.. 
E/A sn TE BA LA PR SM GD Ii0 RI LU TA RE IR AU PB BI TH 0 

60 62 66 67 69 62 64 67 63 71 73 76 77 79 82 a3 so 92 
..***.***.L.*~ I......, 1***********.****.*.****~*********~*~*~**~~.****.********.*****.**********~..******~.**.~~***.~*****~**.*.****** 

2.6 14.67 16.12 16.32 16.63 17.26 18.14 18.67 19.36 19.76 20.16 20.67 21.00 21.44 21.83 22.34 22.63 24.16 24.67 
3.0 16.46 17.03 18.29 18.69 19.23 20.23 20.82 21.63 22.09 22.66 23.00 23.48 24.00 24.43 24.97 26.14 26.88 27.44 
3.6 18.28 19.00 20.21 20.49 21.14 22.26 22.91 23.83 24.33 24.84 26.34 26.86 26.46 26.92 27.48 27.66 29.61 30.09 
4.0 20.09 20.89 22.09 22.37 23.03 24.24 24.96 26.98 26.62 27.09 27.63 28.17 28.86 29.34 29.94 30.10 32.07 32.68 
4.6 21.88 22.77 23.97 24.23 24.90 26.21 26.98 28.11 28.68 29.30 29.88 30.46 31.21 31.73 32.36 32.62 34.69 36.23 

6.0 
6.6 

2: 
7.0 

23.66 24.66 26.86 
26.48 26.64 27.73 
27.30 26.43 29.63 
29.13 30.34 31.64 
30.98 32.27 33.46 

‘2% 
29:86 
31.74 
33.66 

26.77 
28.64 
30.62 
32.42 
34.34 

28.18 
30.16 
32.12 

E::: 

29.01 30.22 30.83 31.60 32.12 32.72 33.66 34.10 34.76 34.91 37.09 
31.03 32.34 32.98 33.70 34.36 34.99 36.88 35.46 37.14 37.29 39.68 
33.06 34.46 36.14 36.90 38.69 37.26 38.21 38.82 39.63 39.67 42.08 
36.11 35.69 37.30 36.11 36.63 39.63 40.64 41.18 41.92 42.08 44.68 
37.17 38.74 38.48 40.33 41.09 41.81 42.89 43.66 44.33 44.46 47.09 

8.0 
9.0 

34.74 36.20 37.38 37.66 38.23 40.20 41.36 43.09 43.68 44.62 46.66 46.43 47.63 48.36 49.19 49.31 62.17 
38.69 40.22 41.40 41.64 42.21 44.36 46.62 47.62 48.37 49.39 60.30 61.13 62.46 63.23 64.13 64.24 67.32 

10.0 
11.0 

42.63 44.33 46.61 46.62 46.29 48.62 49.98 62.04 62.96 64.06 66.03 66.92 67.36 68.19 69.16 69.26 62.67 
48.68 48.66 49.73 49.81 60.46 62.98 64.46 66.67 67.62 68.63 69.87 60.81 62.36 63.26 64.26 04.38 67.93 

12.0 60.74 62.88 64.06 64.10 64.74 67.44 69.02 61.40 62.40 63.69 84.80 66.80 67.47 88.41 69.62 63.60 73.39 

16.0 63.84 86.63 
20.0 07.81 91.47 
26.0 114.41 119.16 
30.0 143.67 149.47 
36.0 176.22 182.36 

67.67 
92.66 

120.19 

E:i 

67.63 68.21 
92.36 92.80 

119.77 120.03 
149.80 149.82 
162.36 162.11 

71.48 
97.08 

126.36 

:X 

73.39 76.24 77.40 76.94 80.27 al.43 83.46 84.64 86.87 66.92 SO.47 
SS.64 

91.74 
103.19 104.69 106.68 108.28 109.71 112.32 113.67 116.42 116.40 121.30 122.91 

128.44 132.91 134.64 136.99 139.09 140.79 144.01 146.61 147.84 147.76 166.11 167.07 
160.01 166.32 167.16 170.12 172.63 174.63 178.48 180.32 183.08 162.91 191.86 194.18 
194.17 200.38 202.46 206.90 208.86 211.16 216.66 217.73 221.08 220.81 231.43 234.16 

40.0 
46.0 
60.0 
66.0 
80.0 

209.3 217.7 218.6 217.4 216.8 226.7 230.9 238.0 240.3 244.3 247.7 260.3 266.6 267.6 261.7 261.4 273.8 
246.7 266.6 266.2 264.8 263.9 264.1 270.0 278.0 260.6 286.1 276.9 

289.0 291.9 297.9 300.4 306.0 304.6 318.9 
264.3 296.7 296.3 294.6 293.2 304.8 311.6 320.6 323.3 326.4 332.8 336.1 342.7 346.6 360.8 360.3 3436.6 

322.4 

326.2 338.2 338.6 336.6 334.8 347.9 366.4 366.4 368.4 374.1 379.0 382.6 390.1 393.0 399.1 396.4 416.8 
370.6 

368.3 382.9 383.1 380.7 376.6 393.1 401.6 412.6 416.8 422.1 427.6 431.6 439.8 442.9 449.9 449.0 469.6 
421.3 
474.6 

413.4 

2.: 
e6s:s 
786.1 

429.8 429.9 

.zz 
478.7 

696:4 
662.6 
694.6 

816.6 814.2 

427.1 424.4 
476.6 472.3 
676.7 674.2 

E-21 E:? 

440.6 
490.2 

EE 
a30:1 

449.8 461.9 466.6 472.3 470.4 482.7 491.6 496.2 602.9 602.0 624.8 
600.3 613.6 617.3 624.8 631.6 636.2 646.1 649.7 668.3 667.2 682.4 
607.7 623.0 627.4 636.2 644.1 649.6 661.3 686.3 676.6 674.4 704.6 
723.1 740.8 746.7 766.0 766.2 771.6 766.0 789.4 801.9 800.2 836.7 
846.4 866.6 872.0 883.7 694.3 901.6 317.0 921.8 936.4 934.3 976.6 

160.0 1467. 1623. 1619. 
200.0 2303. 2390. 2383. 
260.0 3287. 3388. 3366. 
300.0 4338. 4497. 4608. 
360.0 6603. 6703. 6727. 

1607. 
2364. 

Z?S. 
6692: 

3317: ;;“j;. 1643. 1606. 1613. 1633. 1662. 1664. 1eso. 1697. 
3427. 2416. 3483: ::2. i;$: 

1724. 
%: 

1750. 1794. 
3603. 2646. 2676. 2694. 3716. 2633. 3734. 2642. 2684. 26'17. 2769. 

g4;. g. . 4822. 68CQ. 6S68: 4720. 6978. 6046. 4774. z::: 6124. E% 6160: 
3793. 3783. 3884. 

:::i: :%: :%i: 6011. 6121. 
6343. 6466. 

400.0 6761. 
460.0 8070. 
600.0 9466. 

I%:: 
9794. 

7032. 6392. 
8413. 8368. 
9860. 9610. 

6896. 7091. 7184. 7314. 7324. 7406. 7604. 7626. 7670. 8261. 8477. 8684. 6736. 8746. 
7899. 

8844. 8963. ;;;;. 9102. 9166. 
9871. 9930. 10062. 

GE Zf : 
10230. 10237. 10361. 10491. 10626: 10649. 10713. 10683: 10849. 1%:: 

37.76 
40.28 
42.81 

Z:E 
63.01 
68.23 
63.64 
68.96 
74.48 

630.3 
668.4 
711.7 

i-2:: 

1811. 
2816. 
3988. 
6246. 
6630. 

8110. 
9874. 

11311. 
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F. HUBERT, R. BIMBOT,. and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See pa8e 8 for Explanation of Table 

ELECTROIIC STOPPING WYER Is UIITS OF KW/tZfG/SIJ M) 
130 

TE 109s 
62 

E/A 8E 
ec 12 

w; AL 51 CA l-f CR FE MI al GE SE SR zi no Rn 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4:G 

. ..ll.*..*.*.*..*.*.*~....******.*...~*~.**..*.***.******.****.***~.**.*.**~.*~*****.***.*.**.**.*.****~.*.*.*~*.*****.**..*~**.*.** 
2.6 107.2 Tl.8 69.2 62.2 61.0 46.1 33.1 
3:: 104.2 iz{f 71.7 71.0 2s 69.4 62.7 62.6 23" 64.3 61.9 62.0 2: 2:: iti iii:: 2: EEP ii? . 257 2.: 2:: 

44:: '% 33:s i?: . 69.9 88.6 %i 65:7 %i 68:s 3 64.0 53.4 61.8 61.3 t%; 5:: z:; . Z.8 43:7 t:.: 4118 40.8 40.7 2: 4013 2: 3s:o 35:s 36.1 it: 3a:s 

6.0 $0.60 86.06 67.26 64.42 65.60 60.36 62.69 SO.73 49.63 48.82 46.90 43.33 41.63 40.47 40.09 38.84 36.16 36.63 
6.6 87.63 82.87 86.86 63.13 64.33 69.36 61.90 50.02 48.89 48.26 45.40 42.95 41.16 40.13 39.78 38.56 36.06 36.31 
6.0 84.64 80.72 64.48 61.82 63.04 58.32 51.06 43.27 48.13 47.62 44.82 42.44 40.70 39.72 39.39 38.21 36.86 36.02 
8.6 81.92 78.64 63.09 60.64 61.77 67.27 50.20 48.49 47.46 46.96 44.21 41.89 40.20 39.26 38.95 37.81 35.60 35.88 
7.0 79.38 76.63 61.76 69.28 60.62 56.22 49.34 47.70 46.72 46.26 43.57 41.31 39.68 38.77 38.47 37.38 35.30 35.30 

74.77 72.86 69.20 66.87 58.12 64.13 47.64 46.12 45.23 44.87 42.28 40.13 38.69 37.76 37.49 36.46 34.60 34.48 

1o:o t: 70.69 67.08 63.42 66.30 56.83 64.84 54.63 62.66 66.87 63.78 62.26 60.43 46.01 44.47 44.60 43.16 43.79 42.40 43.49 42.16 41.00 39.76 38.96 37.81 37.49 36.42 36.72 36.71 36.48 36.49 36.51 34.67 33.84 33.07 33.63 32.78 
2:: 80.36 63.86 63.47 60.88 62.62 46.86 60.63 51.86 60.06 46.73 47.16 41.68 43.02 40.50 41.79 39.86 41.09 39.70 40.90 37.46 38.68 36.67 36.71 34.41 36.39 33.78 34.72 33.61 34.63 33.66 32.79 31.63 32.29 31.14 31.95 

60.,75 

16.0 53.81 64.36 46.94 44.27 46.42 42.99 38.08 37.09 36.68 36.49 34.46 32.86 31.74 31.23 31.10 3d.39 29.33 28.93 
46.33 46.38 33.86 38.46 39.61 37.62 33.42 32.63 32.21 32.23 30.46 29.11 28.16 27.77 27.68 27.11 26.39 26.87 

30:o :El 36.03 33.41 36.33 40.68 36.37 31.92 34.16 30.84 31.74 36.13 30.44 33.68 27.14 29.30 29.24 26.57 28.90 26.23 26.38 28.96 27.39 24.98 23.90 26.20 25.37 23.16 26.07 22.92 26.01 22.68 22.46 24.53 22.01 23.37 21.62 23.46 

36.0 31.63 33.03 29.17 28.20 29.04 27.92 24.92 24.42 24.18 24.28 22.98 22.02 21.36 21.16 21.13 20.77 20.33 13.92 

40.0 28.32 30.33 26.32 26.04 26.83 26.84 23.09 22.64 22.44 22.64 21.36 20.47 13.86 19.63 13.67 19.36 19.02 18.68 
46.0 26.71 28.10 26.06 24.24 24.38 24.10 21.66 21.16 20.97 21.08 19.36 13.16 18.68 18.44 18.44 18.14 17.86 17.44 
60.0 24.86 26.23 23.46 22.71 23.41 22.82 20.24 19.87 19.71 19.83 18.78 18.02 17.49 17.38 17.37 17.11 16.86 16.46 
66.0 23.28 24.63 22.10 21.40 22.06 21.34 13.11 18.76 18.62 18.74 17.76 17.06 16.66 16.45 16.46 16.20 16.37 16.60 
60.0 21.93 23.26 20.91 20.26 20.88 20.22 18.12 17.80 17.67 17.79 16.86 16.19 16.72 16.63 16.64 15.41 16.20 14.86 

66.0 20.75 22.06 13.87 13.26 13.86 13.24 17.24 16.96 16.83 16.96 16.06 16.43 14.38 14.91 14.32 14.71 14.61 14.18 
70.0 13.71 20.99 18.96 18.36 18.93 18.36 16.47 16.19 16.08 16.20 16.36 14.76 14.33 14.26 14.27 14.08 13.30 13.68 

20" 18.67 17.98 17.74 13.13 17.38 16.10 16.84 16.61 17.37 16.10 16.88 16.66 16.14 14.06 14.90 13.83 14.81 13.76 13.87 14.92 14.16 13.16 12.66 13.60 13.21 12.29 13.16 12.25 13.17 12.26 12.11 13.00 12.84 11.96 12.66 11.70 
100.0 16.41 16.64 16.03 14.68 16.04 14.64 13.16 12.94 12.88 12.33 12.32 11.86 11.61 11.48 11.60 11.36 11.22 10.98 

160.0 11.70 .l2.66 11.66 11.21 11.67 11.30 10.17 10.02 3.98 10.08 9.67 9.21 8.36 a.94 8.86 a.76 8.60 
200.0 3.67 10.61 3.70 9.40 3.63 3.48 z3 8.37 8.40 8.60 Ef 7.94 7.67 7.61 

ES 
7.44 7.52 7.26 

260.0 a.49 3.34 8.64 8.28 
Pb;: 

8.37 
6:83 

7.31 7.42 7.61 7.02 6.73 6.65 6.68 6.67 8.66 6.43 
300.0 7.68 8.46 7.74 7.60 

7:10 
7.59 6.68 6.74 6.83 6.48 6.37 6.06 6.08 6.98 6.06 6.86 

360.0 7.08 7.82 7.16 6.93 7.02 6.32 6.03 6.24 6.32 6.00 6.90 X 5.61 6.63 6.64 6.62 6.43 

400.0 6.631 7.326 6.709 6.499 6.667 6.686 6.323 6.720 6.867 6.936 6.632 6.638 6.381 6.266 6.291 6.207 5.277 6.108 
460.0 6.276 8.939 6.367 6.167 8.309 6.242 6.622 5.428 6.656 5.630 6.344 6.263 6.086 4.998 5.022 4.944 6.010 4.850 
600.0 6.991 6.629 6.073 6.882 6.029 6.386 5.374 6.194 6.312 6.386 6.112 5.023 4.864 4.782 4.806 4.732 4.734 4.642 

1.~****..*******+.*1.**..*..~*.***.**.**..**.*.*.*********....******.~****..*~~.*.~..***.**.***.**.*************.***..****~****.~*.* 
E/A Y l-E RA LA PR SW CD 80 m LU TA RE IR AU PB El1 m  IJ 

60 62 66 57 53 62 64 67 63 71 73 76 77 79 82 a3 so 92 
*I.+**l*.*C.......*...*.~.*..*.~~***..****.*.*******.**..********~*.*****.**~*****~*******..*~**.~**~***~*~***~**.**...*.~.***~***** 

32.16 30.68 30.73 30.96 30.67 28.31 28.01 26.44 25.87 26.19 24.71 24.30 23.42 23.12 22.86 22.92 21.37 21.71 
33.40 31.87 31.91 32.14 31.90 30.16 23.25 27.71 27.16 26.48 26.93 26.68 24.71 24.33 24.11 24.17 23.16 22.88 
34.08 32.64 32.68 32.81 32.61 30.83 29.39 28.60 27.37 27.30 26.81 28.40 25.66 26.21 24.32 24.38 23.31 23.63 
34.40 32.88 32.91 33.14 32.98 31.29 30.40 28.98 28.46 27.79 27.31 26.31 26.07 26.74 26.44 25.60 24.33 24.10 
34.60 32.98 33.02 33.24 33.12 31.47 30.69 29.20 28.71 28.07 27.69 27.20 26.39 26.06 26.74 25.80 24.67 24.38 

2.6 
3.0 

43:: 
4.6 

6.0 

::: 

P:i 

8.0 
3.0 

10.0 
11.0 
12.0 

40.0 
45.0 
50.0 
66.0 
60.0 

86.0 

ES 
so:0 

100.0 

%~o" 
6oo:o 

34.44 32.94 32.37 33.20 33.10 31.49 30.63 29.28 28.82 28.19 27.72 27.34 26.66 26.21 26.90 26.96 24.81 24.62 
34.26 32.73 32.81 33.04 32.98 31.40 30.66 23.26 26.81 28.20 27.74 27.37 26.60 26.27 26.35 26.00 24.86 24.66 
34.01 32.66 32.63 32.81 32.77 31.23 30.41 29.16 28.73 28.13 27.67 27.32 26.67 26.24 25.92 26.97 24.82 24.53 
33.71 32.28 32.31 32.53 32.61 31.01 30.20 28.99 28.68 28.00 27.66 27.20 28.48 26.16 26.83 26.88 24.73 24.46 
33.38 31.97 32.00 32.22 32.22 30.76 29.96 28.78 26.33 27.82 27.39 27.06 26.34 26.03 26.70 26.76 24.61 24.32 

32.64 31.28 31.31 31.63 31.66 30.16 29.40 28.29 27.93 27.39 26.97 26.66 26.98 26.68 25.36 26.40 24.27 23.33 
31.86 30.56 30.68 30.79 30.84 29.60 28.78 27.74 27.40 26.89 26.43 28.18 26.64 26.26 24.93 24.98 23.87 23.60 
31.08 29.81 29.84 30.06 30.12 28.84 28.14 27.16 26.86 26.36 25.37 26.68 26.07 24.80 24.47 24.62 23.43 23.17 
30.31 29.08 29.12 23.32 29.41 28.18 27.61 26.57 26.28 26.81 26.44 26.16 24.68 24.32 23.39 24.06 22.98 22.72 
23.57 28.38 28.41 28.61 28.71 27.53 26.88 26.99 25.72 26.27 24.91 24.66 24.09 23.86 23.62 23.57 22.62 22.28 

27.60 26.41 26.46 26.64 26.77 26.70 25.12 24.35 24.12 23.71 23.33 23.16 22.66 22.45 22.14 22.18 21.21 20.38 
24.64 23.68 23.72 23.90 24.05 23.13 22.83 21.99 21.81 21.47 21.19 20.99 20.67 20.41 20.11 20.15 13.27 13.07 
22.37 21.61 21.66 21.71 21.87 21.06 20.63 20.07 19.92 19.63 19.38 19.21 18.86 la.71 la.43 18.47 17.68 17.50 
20.63 19.76 13.80 19.94 20.11 19.38 18.99 18.50 18.38 18.11 17.89 17.74 17.42 17.30 17.04 17.08 16.35 16.19 
19.01 18.30 18.36 18.48 18.66 17.93 17.63 17.20 17.09 16.86 16.66 16.61 16.22 16.12 16.88 16.91 16.24 16.03 

17.74 17.08 17.13 17.26 17.42 16.81 16.48 16.03 16.99 15.78 16.63 16.47 16.20 16.12 14.89 14.92 14.29 14.16 
16.66 16.04 16.09 16.21 16.37 16.80 16.60 16.16 16.06 14.86 14.68 14.67 14.33 14.26 14.03 14.07 13.48 13.35 
16.73 16.14 16.19 16.31 16.46 14.94 14.65 14.32 14.24 14.06 13.90 13.79 13.67 13.60 13.29 13.32 12.77 12.66 
14.91 14.36 14.41 14.62 14.67 14.17 13.31 13.81 13.63 13.36 13.21 13.11 12.90 12.84 12.64 12.67 12.16 12.03 
14.13 13.67 13.72 13.82 13.97 13.60 13.26 12.97 12.90 12.74 12.60 12.61 12.31 12.26 12.06 12.0s 11.69 11.49 

13.66 13.06 13.10 13.21 13.35 12.91 12.67 12.40 12.34 12.19 12.05 11.97 11.78 11.73 11.65 ii.68 11.10 11.00 

:;.t3: 12.61 11.67 11.61 12.66 12.66 11.70 12.80 11.84 12.37 11.46 12.16 11.25 11.90 11.02 11.84 10.97 11.69 10.84 11.66 10.72 11.48 11.30 11.26 11.08 

11:lS 

11.11 10.31 1"9:03"9 10.66 3.80 

10.79 10.83 10.91 11.06 10.63 '"9.:; '"9.;; 1i.g '"9.;; 3.64 9.26 10.61 10.13 10.17 10.26 10.38 10.04 lOg.~F, . 1Og.g . l;.L$ . 1Og.k; . l"g:tj: 9:3s 9:23 9:20 3:05 3.08 a.71 "8% . 

8.230 7.933 7.966 8.030 8.140 7.883 7.753 7.818 7.689 7.610 7.431 7.384 7.283 7.263 7.160 7.170 6.883 6.826 
6.946 6.707 6.707 6.761 6.860 6.646 8.640 6.434 6.412 6.349 6.283 6.246 6.164 6.146 6.062 6.070 s.eae 6.736 
6.161 5.949 6.864 6.932 6.022 6.861 6.793 5.691 6.634 6.63C 6.647 6.637 6.476 6.436 6.349 6.367 6.323 6.160 
6.810 6.419 6.360 6.378 6.468 6.333 6.280 6.183 6.193 6.138 6.061 6.062 4.997 4.981 4.883 4.300 4.864 4.713 
6.204 6.027 4.373 4.990 6.066 4.360 4.901 4.818 4.822 4.770 4.701 4.693 4.643 4.611 4.638 4.663 4.613 4.381 

4.832 4.726 4.677 4.693 4.764 4.667 4.610 4.533 4.638 4.468 4.426 4.416 4.371 4.341 4.273 4.287 4.254 4.126 
4.846 4.488 4.444 4.468 4.628 4.425 4.380 4.308 4.313 4.266 4.206 4.196 4.166 4.128 4.064 4.077 4.044 3.926 
4.448 4.237 4.266 4.263 4.334 4.238 4.195 4.127 4.131 4.087 4.030 4.022 3.983 3.966 3.895 3.907 3.876 3.762 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

130 
R&ICE II UIITS OF IWSQ Q( TE IO$S 

62 

VA BE 
ec I2 

s AL SI CA II cn FE 61 al GE SE SR ZR PI0 WI 
4 I3 I4 20 22 24 28 28 29 32 34 38 40 42 46 4? 

. ..*C.*.***.....+.*****.**......**.***..~*.**.***..*.....*~******.**..*.*.**.~*.*.*.*.*~*.**.***.**.**...*.~...*.*...***.~****..*.~* 

3:: 
6.870 6.630 7.343 7.930 7.790 9.278 10.040 10.676 10.970 11.380 11.430 12.430 12.860 13.412 13.630 13.866 14,271 14.840 
4.486 4.333 8.864 4.879 8.727 10.317 11.244 11.837 12.271 12.714 13.063 13.945 14.446 16.067 16.296 16.684 14.190 14.493 

3s 
7.119 7.041 9.746 9.833 9.887 11.364 12.440 13.087 13.668 14.029 14.464 16.434 14.008 14.468 14.926 17.273 18.047 18.239 

4:6 
7.774 7.742 10.886 10.798 10.417 12.398 13.440 14.338 14.843 16.340 16.860 16.916 17.640 18.246 18.639 18.944 19.648 20.092 
8.464 8.438 11.427 11.778 11.682 13.460 14.660 16.698 14.134 14.464 17.249 18.398 19.112 19.841 20.160 20.410 21.472 21.867 

2: 
9.141 9.263 12.684 12.778 12.643 14.618 14.076 14.672 17.441 17.980 18.669 IS.890 20.472 21.442 21.767 22.279 23.471 23.634 
9.831 10.027 13.640 13.797 13.644 16.404 17.318 18.142 18.742 19.319 20.082 21.396 22.244 23.076 23.394 23.968 26.271 26.418 

4:0 10.1347 10.622 14.668 14.837 14.686 14.709 16.680 19.471 20.101 20.474 21.623 22.317 23.832 24.703 26.034 26.662 27.078 27.216 
4.6 Il.427 11.438 16.677 16.900 16.424 IT.834 IS.844 20.801 21.460 22.049 22.383 24.469 25.439 24.349 26.496 27.342 28.897 29.028 
7.0 12.233 12.476 14.419 14.986 14.490 14.979 21.170 22.162 22.840 23.443 24.444 26.021 27.064 28.014 28.376 29.031 30.731 30.869 

8.: 
13.92 14.22 18.77 19.22 18.88 21.33 23.86 24.92 26.47 24.30 27.49 29.21 30.39 31.41 31.80 32.41 34.46 34.69 

1o:o 
16.71 14.04 21.01 21.64 21.14 23.78 26.43 27.73 28.59 23.24 30.42 32.60 33.61 34.90 36.31 38.22 38.26 36.40 
17.40 17.34 23.34 23.98 23.64 26.31 29.60 30.76 31.41 32.28 33.84 36.89 37.32 38.49 38.33 33.94 42.13 42.32 

11.0 19.69 13.97 26.77 24.60 24.00 26.93 32.47 33.82 34.72 36.41 37.18 59.38 40.96 42.13 42.44 43.76 48.11 46.34 
12.0 21.47 22.04 26.29 23.12 26.66 31.46 36.66 36.98 37.93 38.43 40.68 42.97 44.47 46.98 46.44 47.66 60.19 SO.44 

16.0 28.60 28.86 38.37 37.62 38.74 40.32 46.36 47.06 48.14 46.89 61.44 64.37 64.48 66.00 68.63 GO.02 83.00 43.44 
20.0 41.72 41.86 61.41 63.32 62.13 66.63 63.41 46.78 47.16 47.89 71.66 76.43 78.27 80.11 60.73 82.71 86.38 87.24 
26.0 67.14 64.66 88.94 71.23 49.41 74.86 84.22 88.88 88.43 89.20 34.03 39.01 102.43 104.78 106.47 107.94 112.24 113.48 

Et: 
74.47 73.78 88.34 31.36 83.11 96.21 107.07 110.22 112.10 112.76 118.96 126.02 129.48 131.93 132.47 136.69 140.68 142.44 
94.23 92.66 109.47 113.42 110.64 117.64 132.09 136.74 137.90 138.44 146.16 163.38 166.74 141.48 142.24 146.81 171.29 174.07 

iti:: 
116.7 113.1 132.9 137.4 133.9 141.8 169.2 143.4 146.8 144.3 176.6 184.0 190.3 193.4 194.2 198.3 204.3 207.9 
133.2 136.4 167.3 143.3 169.0 147.8 188.4 193.2 196.8 198.1 207.0 214.9 224.2 227.6 228.3 233.0 233.4 244.0 

tz?: 
184.4 169.4 184.8 191.0 186.9 196.7 219.6 224.9 227.8 227.9 240.6 261.9 240.3 263.8 244.7 249.9 277.1 282.4 
191.4 184.9 213.3 220.6 214.6 226.3 262.4 258.4 261.8 241.7 274.2 289.0 298.6 302.3 303.1 309.0 314.7 323.0 

80.0 220.2 212.1 243.4 261.8 244.8 264.6 287.6 294.2 297.4 297.3 313.8 318.1 338.8 342.8 343.7 360.1 368.6 366.7 

46.0 260.7 240.6 276.6 284.7 274.7 289.4 324.3 331.8 336.3 334.7 363.3 369.3 381.2 386.4 384.2 393.3 402.2 410.6 
70.0 262.9 271.1 309.0 319.3 310.3 324.2 362.9 370.9 374.8 374.0 394.7 412.4 426.8 430.0 430.8 438.6 448.0 467.4 

Ez:8 
362.0 336.9 380.7 393.4 382.1 J98.1 446.4 464.7 469.2 467.7 483.0 604.3 620.2 626.1 626.7 634.7 646.6 667.1 
427.4 408.4 464.6 473.4 469.9 478.1 634.6 646.3 660.4 548.1 678.4 603.6 422.3 427.4 428.1 638.4 660.6 884.4 

100.0 608.8 482.4 642.1 669.3 643.6 684.1 630.2 642.6 848.1 846.1 880.8 709.8 731.7 737.3 737.7 749.3 742.8 779.2 

160.0 999.2 937.6 1041.2 1074.4 1042.2 1076.6 1199.0 1219.9 1228.1 1219.6 1284.1 1339.0 1379.2 1384.1 1386.4 1404.3 1426.4 1466.1 
200.0 1414.2 1602.7 1463.4 1712.3 1441.7 1708.1 1902.2 1933.8 1943.2 1924.7 2031.8 2097.1 2183.4 2184.4 2181.7 2209.1 2224.4 2283.3 
260.0 2334.1 2168.1 2376.1 2461.8 2384.6 2440.3 2714.4 2747.4 2789.1 2742.8 2892.6 2971.3 3047.2 3107.0 3100.4 3143.0 3147.9 3237.4 
300.0 3141.1 2891.0 3177.0 3278.6 3192.3 3267.8 3824.9 3708.2 3894.9 3662.4 3861.4 3946.4 4074:5 4133.9 4122.9 4182.7 4173.1 4298.8 
360.0 4024.0 3691.7 4061.6 4181.1 4074.1 4149.4 4616.7 4734.9 4893.8 4643.4 4894.3 6007.2 6171.4 6261.9 6236.8 6313.9 6288.9 6462.3 

400.0 4974. 4662. 4991. 6161. 6021. 6107. 6479. 6840. 5770. 6706. 8016. 6144. 6348. 8460. 0428. 4626. 6484. 6888. 
460.0 6982. 6464. 6387. 4179. 6026. 4121. 8.304. 7007. 4911. 6831. 7202. 7362. 7694. 7749. 7996. 
600.0 7043. 6423. 7034. 7260. 7079. 7187. 7989. 8232. 8108. 9013. 8444. 9818. 8902. 

TT18. EWO: 7807. 
9048. 9162. 9074. 9365. 

*.1..**+.*.*..*.*~.***...*..*****~***.**.*.~.*~*****~~*~.**~***.****.....*~*~*****~*.~..**~.**.**.*.*..**....~*...*.~**.*.******.... 
VA &3!l IE S4SA LA SsPR SH CD A0 M LU TA Fi6 IR AU F'9 BI M 

62 67 42 84 67 49 71 73 76 77 79 a2 83 so 92" 
.*.**.~...‘.*......*..****...**..*.**..****~******~*.*....*******~....*.**~.*~******..~~.*~**~~*.*.*..~.**~**~*~**..*.**.**.*.***.~~ 

::t 
16.37 16.96 17.22 17.66 18.20 19.13 19.49 20.41 20.84 21.26 21.49 22.14 22.40 23.01 23.66 23.76 26.46 26.00 
17.36 16.02 19.29 19.40 20.27 21.33 21.96 22.81 23.29 23.77 24.26 24.76 26.29 25.74 24.31 28.60 28.33 28.91 

3.: 
IS.27 20.04 21.30 21.40 22.29 23.44 24.16 26.12 26.64 26.19 24.71 27.24 27.88 28.38 28.94 29.14 31.09 31.70 

4:s 
21.17 22.02 23.23 23.67 24.27 26.66 24.30 27.38 27.96 28.64 29.11 29.48 30.39 30.91 31.64 31.72 33.78 34.43 
23.04 24.00 26.24 26.63 26.23 27.42 28.43 29.41 30.22 30.87 31.48 32.08 32.87 33.42 34.08 34.26 38.43 37.11 

K 
24.94 26.97 27.23 17.49 28.20 2S.48 30.66 31.84 32.48 33.18 33.83 34.44 36.33 35.90 36.80 38.74 39.04 39.74 

4:o 
24.83 27.94 29.20 29.46 30.14 31.76 32.48 34.08 34.73 36.49 36.17 36.84 37.77 36.38 39.10 39.24 41.47 42.41 
24.74 29.93 31.19 31.42 32.14 33.62 34.81 34.28 38.99 37.79 38.62 39.22 40.22 40.84 41.41 41.76 44.29 46.06 

7: 
30.44 31.94 33.13 33.41 34.13 36.31 36.96 38.62 39.24 40.11 40.87 41.60 42.47 43.34 44.12 44.27 48.91 47.71 
32.69 33.94 36.21 36.42 38.14 38.02 39.11 40.77 41.64 42.44 43.24 44.00 46.13 46.83 46.44 46.79 49.66 SO.38 

R 
38.63 38.07 39.32 39.60 40.22 42.28 43.49 46.32 48.16 47.16 48.02 48.84 60.09 60.86 61.74 51.87 64.87 66.74 

1o:o 
40.66 42.24 43.62 43.47 44.38 44.84 47.94 49.98 60.84 61.94 62.88 63.74 66.14 66.98 64.91 67.03 80.27 41.22 
44.49 48.66 47.83 47.34 48.46 61.10 62.63 64.70 66.46 64.82 67.84 68.77 60.28 41.16 42.17 42.28 46.74 66.78 

11.0 48.93 61.00 62.24 62.32 63.02 66.88 67.20 69.64 60.64 81.80 42.90 43.88 46.61 68.44 47.63 47.43 71.37 72.44 
12.0 63.27 66.63 64.74 64.81 67.49 60.33 41.98 64.49 46.64 88.89 88.04 49.11 70.84 71.84 73.01 73.09 77.08 78.22 

it: 
88.94 43.78 70.99 70.96 71.67 76.00 77.00 79.99 81.21 82.83 84.22 86.44 87.66 86.70 90.10 90.16 94.93 98.27 
91.97 96.81 96.98 63.76 97.23 101.49 104.29 108.12 109.69 111.48 113.44 114.96 117.48 119.10 120.95 120.93 127.11 128 80 

26:0 119.49 124.46 126.77 126.33 126.41 131.16 134.41 139.10 140.81 143.36 146.67 147.34 160.73 162.40 164.76 164.46 162.38 144:42 
30.0 160.04 164.23 167.27 164.40 164.44 143.38 147.29 172.84 174.81 177.89 180.62 182.41 184.44 168.64 191.44 191.28 200.43 203.06 
36.0 162.39 190.44 191.41 190.49 190.24 194.23 202.86 209.33 211.63 216.13 218.22 220.42 226.34 227.60 231.00 230.74 241.94 244.70 

it:8 
218.4 227.3 228.1 224.9 224.3 236.4 241.0 248.4 260.9 266.0 268.4 241.3 246.8 269.2 273.3 272.9 286.9 289.2 

E 

264.2 284.4 247.3 246.8 204.9 276.6 281.7 290.1 292.8 297.6 301.4 304.4 310.8 313.6 318.3 317.8 332.8 334.6 
196.4 M8.3 306.9 307.1 306.7 317.9 324.9 334.2 337.2 342.6 347.1 360.6 367.5 360.3 386.9 366.3 382.3 386.6 

8o:o 
338.9 362.4 362.8 360.7 348.9 362.4 370.4 380.8 384.0 389.9 396.1 398.9 406.4 409.7 434.1 416.4 434.6 439.3 
383.4 398.8 339.1 338.4 394.3 403.4 418.3 429.8 433.3 439.8 446.6 449.4 468.2 441.6 468.8 467.9 469.3 494.4 

46.0 
70.0 

Go.6 447.6 447.4 444.7 441.9 468.8 468.6 481.0 484.6 492.0 498.3 602.8 512.2 615.8 623.9 622.9 544.7 662.4 

tx 

479.6 498.3 498.3 496.0 491.7 610.3 620.9 634.4 638.4 644.4 663.4 666.3 648.4 672.3 581.3 680.2 604.4 612.7 
683.7 608.6 606.1 W2.0 697.4 413.4 632.2 648.2 462.8 662.0 670.2 474.0 688.1 432.3 703.2 701.8 733.2 740.6 

1oo:o 
496.3 723.0 722.1 717.1 711.1 737.2 761.9 770.4 776.6 784.2 796.8 802.4 814.4 821.0 834.1 832.2 -9.2 877.8 
816.9 847.6 844.1 840.1 832.7 $02.8 879.8 900.7 $04.4 918.4 929.7 937.1 963.2 958.2 973.6 971.3 1014.1 1024.0 

160.0 1622. 
200.0 2388. E* 

3510: 
:68. ::z!:. 

1647. 1401. 1884. 1496. 1714. 1727. 1764. 1879. 

260.0 
300.0 iz* 

%z. 

pi: 3441: Si? 
:z;. 2604. . 2699. iz::. 2641. 2471. 2489. 2730. 

E!: %S: 
y;: y3;. x77&. 3737;. 

;;mg. ;;m& 1766. 

EE* 
46761 3% i%c z:: 

;;;;I Z8: 
::;:. 

%i: 

2919. 
4112. 

360.0 6697: . 6930: . 6813. 6944. . 4179. 4190: 4240: 6341: 834s: 8443: 6486: 4688: 
6190. 
4648. 8893: 

6433. 
8846. 

400.0 7237. 7137. 7339. 7434. 7671. 7681. 

E:8 

4~3~~ g22;. n7. 
8638. 8772 

7444. 7?48. 7737. 7894. 7933. 8046. 8041. 8177. 8394. 
9274. 9308 

$782. 10133: 10202: 10%:: 10007. 10276: 1%:: l&%: 1:::: 1::::: 10866. 10831: l?t::: I$;:: 1g;;: 1;:;;: 11388: 11706, 9746 10012. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

E/A BK 
2 12 

Ia AL SI CA n CR FE III al GE SE SR za ful rul 
4 13 14 20 22 24 26 28 29 32 34 3B 40 42 46 4:G 

*+*......**..****.***..**.*.~*.*****~.****.**..****.**.***..***.*.****.*****..*****.*.***~.**~*.**.****.***..*..**********..*~*.**** 

3:: los~g 104.9 Ei . FE G% %X 62.1 39.7 

3:: 'ii%; 98.6 SF: %S:4 $3 7013 Et %7:3 70:4 49.6 88.4 

tE: 

3:; . 

kg; 

66:2 64.7 6!&; %:E * 

ET:: :*: . iz 

47:e 47.4 47.4 

43.2 44.3 41.0 42.1 40.4 39.2 2.: . E:Z 2:: 

K 61:2 60:4 I% 2.8" 4417 42.8 42.7 42.9 4$.; 4117 41.4 tt: 41.0 . ;:; . ;:i . g;g 

2 93.18 90.06 47.22 86.03 68.92 67.62 68.02 64.72 47.22 46.94 41.82 80.82 63.98 63.17 61.94 61.24 60.71 60.08 49.98 49.42 46.99 46.49 44.42 43.98 42.61 42.14 41.41 41.09 41.03 40.72 39.74 39.48 36.99 36.90 37.38 37.17 
2: 

7:o 

87.11 84.34 82.67 BO.77 %5.12 64.73 63.41 42.11 64.46 65.3% 69.76 68.72 62.33 61.47 49.71 50.49 49.36 48.46 48.79 48.13 46.92 46.31 43.48 42.93 41.20 41.69 40.68 40.23 3S.90 40.34 39.13 38.74 3%.47 Jb.72 3%.66 39.89 

81.76 78.73 63.38 60.84 02.10 67.47 60.60 48.91 47.91 47.44 44.47 42.36 40.47 3e.74 39.43 38.30 3%.17 36.17 

8.0 77.04 74.91 60.80 68.40 69.47 66.41 48.89 47.33 40.41 46.03 43.37 41.16 39.68 38.72 38.44 37.38 36.49 36.36 

11:o IE 

72.67 71.42 68.39 68.12 67.39 63.66 47.24 46.79 44.96 44.44 42.08 39.98 39.47 37.48 37.43 36.43 34.72 34.60 

49.17 46.87 (18.26 66.36 68.17 64.11 64.02 62.0% 66.28 63.31 60.08 61.81 46.48 44.21 42.94 44.32 43.66 42.22 43.30 42.02 40.83 39.63 38.62 37.71 37.3s 38.36 
38.46 38.43 36.49 33.94 33.44 
36.68 36.4% 34.67 33.16 32.80 

12.0 42.90 42.71 62.21 60.26 61.49 48.47 42.83 41.43 40.9% 40.80 38.60 38.6% 36.36 34.71 34.63 33.48 32.39 31.99 

16.0 66.66 64.04 47.30 46.66 48.7% 44.24 39.19 38.17 37.41 37.64 36.46 33.60 32.46 32.12 31.98 31.26 30.23 29.76 
20.0 48.66 47.87 41.09 39.64 40.73 38.7% 34.43 33.91 33.16 33.20 31.38 29.98 29.00 28.40 28.61 27.91 27.17 24.44 
26.0 40.7% 42.02 38.60 36.24 35.24 34.63 30.83 30.16 29.80 29.86 26.24 27.01 26.1% 26.64 26.78 26.28 24.71 24.18 

$2 38.24 32.74 37.41 34.1% 30.13 32.96 31.84 29.13 32.77 30.00 31.42 26.83 28.01 26.73 26.21 27.42 24.97 27.13 26.07 27.22 23.73 26.76 22.74 24.66 23.89 22.04 23.44 21.84 23.60 21.81 23.17 21.43 22.70 21.04 22.19 20.66 

40.0 29.96 31.38 27.83 24.91 27.73 24.70 23.66 23.39 23.18 23.29 22.06 21.14 20.60 20.33 20.32 19.98 19.66 19.19 

%Z 
ss:o 

27.4% 26.76 27.16 29.08 26.90 24.27 26.0% 23.49 26.63 24.21 24.91 23.39 22.27 20.93 21.8% 20.64 21.47 20.3% 20.60 21.76 20.43 19.42 19.79 18.83 19.20 18.08 19.0% 19.06 16.76 17.48 17.42 18.46 16.02 17.01 
24.12 26.60 22.87 22.14 22.62 22.07 19.7% 19.41 19.2% 19.38 16.3% 17.43 17.11 UK;; $37 

60.0 22.72 24.08 21.44 20.9% 21.41 20.92 18.74 18.41 18.28 18.40 17.44 14.76 14.26 14.17 la:17 
14.76 14.62 16.13 
16.94 16.72 16.36 

SE 21.61 20.44 22.84 21.74 20.67 19.42 19.92 19.00 20.66 19.60 19.01 19.91 17.84 17.04 17.64 14.7% 17.42 14.46 17.64 16.77 14.62 16.89 16.27 16.9% 14.83 16.60 14.7% 16.42 14.77 16.43 16.21 14.67 16.01 14.36 14.06 14.47 

1oo:o EE 

18.44 19.89 18.00 17.46 18.00 17.48 16.48 16.42 16.33 16.46 14.46 14.08 13.48 13.82 13.84 13.46 13.29 12.99 

17.19 16.99 18.39 17.14 18.46 16.66 14.17 16.11 14.88 16.68 14.22 16.17 14.66 13.42 14.33 13.41 
14.26 14.37 13.42 13.10 12.73 12.66 12.70 12.64 12.39 12.12 
13.34 13.46 12.7% 12.27 11.93 11.89 11.91 11.77 11.42 11.36 

160.0 12.14 13.12 
200.0 10.04 11.01 ;;.I$ 

88.80;: 
I;.$ ;;.gW$ I;.;: I",.&& I;.;; I;.;; l;.'l; 

9.92 9.66 
-xi 

9.27 9.2s 9.19 8.92 

6: 69 a:ss 7161 7:69 7170 7:ao 
8.3% 6.23 

7104 
7.80 7.83 7.72 % 7.63 

260.0 8.62 9.49 7.26 4.90 6.93 6.62 6.91 4.66 

20":: 7.97 7.3% 6.76 6.12 T::: 

.Ep; 

7.43 7137 :::i: 7.09 6.66 4.83 6.32 7.00 8.48 7.09 6.66 

2; 

4.23 6.13 6.42 6.40 6.93 6.26 6.62 6.31 6.66 6.21 6.76 4.29 6.63 4.06 6.44 

400.0 4.88% 7.606 6.987 6.749 4.913 4.636 6.167 6.939 6.082 4.163 6.646 6.761 6.667 6.448 6.494 6.407 6.460 6.304 
460.0 6.618 7.206 4.402 4.396 4.662 6.462 6.638 6.637 6.749 6.647 6.649 6.466 6.261 6.190 6.21% 6.134 6.203 6.037 
600.0 6.222 4.883 4.308 4.109 4.262 4.19% 6.661 6.394 6.617 6.693 6.309 6.216 6.061 4.947 4.991 4.914 4.979 4.821 

.*......*.*...*..**1..*~.*.*~***.******.*******.*..~.**.*.******.**.*..*****.*******...**~..*.**..***.*.*.**..*****..*.***.~...*.... 
E/A s8 TE B4 LA PR SH GO 80 RI LU IA R6 IR AU PB BI l-K 

60 62 66 67 69 62 64 67 49 71 73 76 77 79 82 83 so 92" 
**1.*1.1*..*.*..*...*..**....**.*..*..*.***~..***....*..**.*.*.****..*.**.*****.**.****...*.*..**~...*~~.*~...**.*~****.*..~..*****~ 

32.63 31.30 31.34 31.67 31.2% 29.46 26.67 24.97 18.39 26.49 26.20 24.78 23.86 23.67 23.32 23.37 22.40 22.14 
34.10 32.64 32.66 32.80 32.6% 30.78 29.66 28.29 27.72 27.03 26.63 26.11 26.22 24.69 24.61 24.67 23.42 23.36 
34.81 33.24 33.26 33.61 33.31 31.66 30.43 29.10 26.6% 27.68 27.36 24.96 24.09 26.76 26.46 26.61 24.41 24.13 
36.17 33.60 33.43 33.67 33.71 31.98 31.07 29.69 29.08 26.40 27.90 ;;.fiT 24.44 26.30 26.99 26.06 24.91 24.63 
36.26 33.73 33.76 33.99 33.87 32.17 31.26 29.86 29.3% 28.70 28.21 . 26.98 26.63 26.32 24.36 26.22 24.92 

2.6 

::: 
4.0 
4.6 

6.0 

z 

S:E 

E 
1o:o 
11.0 
12.0 

16.0 
20.0 
26.0 

2:: 

ii.: 
so:0 
66.0 
60.0 

66.0 
70.0 

EC: 
1oo:o 

160.0 
200.0 
250.0 
300.0 
360.0 

36.23 33.70 33.73 33.98 33.67 32.21 31.33 29.96 23.48 26.63 28.36 27.97 27.16 24.81 24.49 24.66 26.38 26.08 
36.07 33.66 33.69 33.82 33.76 32.13 31.27 29.94 29.49 26.66 26.38 28.01 27.22 26.66 24.66 26.41 26.43 
34.63 33.34 33.37 33.60 33.66 31.97 31.13 29.84 29.41 28.79 26.33 27.98 27.20 26.66 26.63 26.69 26.41 

;L;: 

34.63 33.07 33.09 33.32 33.30 31.7% 30.93 29.46 29.27 28.67 28.21 27.66 27.11 26.78 26.46 26.60 26.33 26.03 
34.20 32.7% 32.76 33.01 33.01 31.60 30.69 29.48 29.09 28.60 28.06 27.71 24.96 24.6% 24.32 24.36 26.20 24.92 

33.4% 32.07 32.10 32.32 32.36 30.91 30.13 29.00 28.43 28.07 27.64 27.32 24.43 24.32 26.96 26.03 24.67 24.69 
32.49 31.34 31.37 31.66 31.44 30.2% 19.62 28.46 28.11 27.67 27.1% 26.86 26.19 26.90 26.6% 26.61 24.47 24.20 
31.90 30.69 30.43 30.84 30.91 29.69 28.88 27.67 27.66 27.04 24.44 28.36 26.72 26.44 26.10 26.1% 24.04 23.77 
31.13 29.86 29.89 30.10 30.19 28.93 28.24 27.26 2'3.98 26.49 24.11 26.63 26.23 24.97 24.43 24.66 23.66 23.32 
30.37 29.16 29.16 29.38 29.49 28.27 27.81 26.49 24.41 26.96 26.66 26.31 24.74 24.46 24.16 24.20 23.13 22.87 

26.2% 27.1% 27.19 27.39 27.62 zB.42 26.63 26.03 24.79 24.38 24.04 23.60 23.30 23.08 22.76 22.60 21.80 21.66 
26.37 24.38 24.42 24.40 24.76 23.81 23.30 22.43 22.46 22.09 21.81 21.60 21.17 21.00 20.69 20.74 19.84 
23.06 22.1% 22.21 22.37 22.64 21.70 21.26 20.90 20.63 20.22 19.97 19.79 19.42 19.28 18.99 18.21 

iz.8; 

21.17 20.37 20.42 20.67 20.73 IS.99 19.68 19.08 16.96 18.68 18.46 18.29 17.9% 17.84 17.67 
;"7.'33 

14.8% 16:%9 
19.42 16.86 18.93 19.07 19.24 18.6% 18.19 17.74 17.43 17.36 17.17 17.04 18.74 14.44 14.38 I%:42 16.72 16.67 

18.32 17.63 17.48 17.62 17.96 17.3% 17.02 14.41 14.61 16.29 14.09 16.97 16.49 16.41 16.37 16.40 14.76 14.61 
17.51 14.67 14.42 14.76 16.91 14.33 16.01 16.44 16.66 16.36 16.17 16.06 14.80 14.72 14.49 14.63 13.92 13.7s 
14.26 16.46 16.70 16.82 16.9B 16.43 16.14 14.80 14.72 14.63 14.3% 14.26 14.02 13.96 13.73 13.77 13.19 
16.42 14.86 14.89 16.01 16.17 14.46 14.38 14.06 13.99 13.81 13.46 13.33 13.27 13.0% 13.10 12.66 

;;:A; 

14.48 14.14 14.18 14.29 14.46 13.98 13.71 13.41 13.34 13.17 13.02 
;;A; 

, 12.72 12.47 12.47 12.60 11.99 11.86 

14.02 13.61 13.66 13.4% 13.81 13.36 13.11 12.83 12.7% 12.41 12.47 12.38 12.18 12.13 11.94 11.97 11.46 11.38 
13.44 12.94 12.99 13.09 13.24 12.80 12.67 12.31 12.26 12.10 11.9% 11.68 11.46 11.47 11.60 11.02 10.92 
12.43 11.97 12.02 12.11 12.2% 11.86 11.44 11.41 11.22 11.10 11.02 

;;Lt;i 
10.24 10.16 

11.69 11.17 11.21 11.30 11.44 11.07 10.67 IO.%% 
;;..3f 

10.89 10.49 10.63 10.42 10.76 10.40 10.22 10.02 9:9a 
log.;; 

. 
'"9.;; 1;.;g 1g.g 

;g.f: 

9:63 

'"9~3; 

9:37 

l;.;t3 

9:40 
9.66 9.49 
9.02 8.94 

8.634 6.226 8.240 6.327 8.441 6.174 6.039 7.698 7.849 7.767 7.704 7.466 7.661 7.630 7.413 7.434 7.13% 7.074 
7.207 4.969 4.968 7.016 7.117 4.896 6.786 4.476 4.462 4.687 4.618 4.479 4.394 4.376 6.276 6.297 6.214 
4.394 0.176 4.10% 4.16% 4.260 4.072 4.012 6.908 6.909 6.643 6.766 6.74% 6.483 6.440 6.661 6.670 6.630 

;.;;; 

6.824 6.626 6.644 6.683 6.86% 6.636 6.481 6.367 6.391 6.331 6.263 6.244 6.188 6.160 6.069 6.08% 6.049 ‘I:892 
6.403 6.219 6.144 6.181 6.269 6.140 6.089 6.003 6.007 4.962 4.881 4.672 4.821 4.787 4.712 4.728 4.692 4.649 

400.0 6.080 4.907 4.667 4.673 4.947 4.636 4.767 4.707 4.712 4.641 4.694 4.686 4.639 4.606 4.437 4.462 4.417 4.266 
460.0 4,626 4.641 4.414 4.430 4.700 4.696 4.649 4.474 4.479 4.4x, 4.348 4.380 4.316 4.287 4.220 4.234 4.200 4.07% 
600.0 4.419 4.442 4.419 4.434 4.601 4.401 4.36% 4.26% 4.290 4.244 4.186 4.177 4.13% 4.106 4.046 4.068 4.024 3.907 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

127 
ELECTRDIIC STOPPIlG POWER I8 WITS OF HEV/tHG/Sq a) I Ions 

63 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

127 
RMGE II WITS OF HG/SG Q( I IOIS 

63 

E/A BE 
gc 

FE AL SI CA 
4 12 13 14 20 

~**..***+**.*****..*...*...*.~***..~~***********. 

$2 6.236 6.860 6.082 6.410 7.642 8.608 7.620 8.527 7.480 8.376 8.907 9.901 
6.839 6.769 9.377 9.438 9.273 10.891 
7.464 7.447 10.268 io.369 10.180 il.887 
8.111 8.149 11.163 11.294 11.101 12.893 

TI ml FE II aJ GE SE SR 7R no rui 
22 24 26 28 29 32 34 38 40 42 46 4+G 

~**,***+.*******++***.*.*~***.***.***.*******.****..*.~~**~**********..~.****.*****. 
9.640 10.160 10.630 10.930 11.170 11.940 12.340 12.886 13.100 13.321 13.726 14.080 

10.791 11.367 11.776 12.206 12.631 13.390 13.666 14.460 14.694 14.976 16.662 16.664 
11.934 12.662 13.006 13.464 13.871 14.814 16.361 i6.000 16.262 16.692 17.336 17.682 
13.060 13.748 14.233 14.716 16.206 16.229 16.646 17.627 17.796 18.169 19.079 19.286 
14.236 14.961 16.467 16.971 16.641 17.646 IS.327 19.061 19.336 19.780 20.603 20.982 

2: 
8.780 8.868 12.066 12.247 12.037 13.912 16.406 16.166 16.713 17.236 17.686 19.063 19.816 20.680 20.878 21.374 22.620 22.679 
9.474 9.606 12.996 13.218 12.990 14.948 16.690 17.397 17.972 18.614 19.246 20.606 21.316 22.119 22.431 22.977 24.238 24.382 

6:0 10.191 10.362 13.947 14.210 13.903 16.001 17.794 18.646 19.249 19.807 20.619 21.967 22.831 23.672 23.996 24.693 26.963 26.097 
6.6 10.932 11.138 14.917 16.221 14.966 17.073 19.017 19.912 20.646 21.117 22.011 23.427 24.363 26.241 26.680 26.223 27.698 27.826 
7.0 11.697 11.936 16.309 16.266 16.967 18.164 20.261 21.200 21.860 22.446 23.422 24.916 26.914 26.829 27.181 27.872 29.446 29.672 

a.0 13.30 13.63 17.96 18.39 la.06 20.41 22.81 23.84 24.66 26.16 26.31 27.98 29.08 3O.07 30.44 31.23 32.99 33.12 
9.0 14.99 16.33 20.09 20.60 20.22 22.73 26.46 28.67 27.33 27.97 29.28 31.09 32.33 33.39 33.79 34.67 36.61 36.76 

:z 
12:o 

16.78 18.67 17.14 19.06 22.30 24.61 22.91 26.31 22.46 24.82 26.14 27.63 31.02 28.19 29.39 32.30 30.21 33.17 30.86 33.83 32.34 36.60 34.31 37.63 36.68 39.13 40.32 36.81 37.23 40.76 38.20 41.63 40.31 44.09 40.49 44.31 
20.64 21.03 27.00 27.79 27.24 30.21 33.94 36.30 36.22 33.30 38.76 41.06 42.67 43.93 44.39 46.66 47.97 48.23 

16.0 27.10 27.47 34.68 36.76 36.02 38.46 43.26 44.87 46.94 46.64 49.08 61.88 63.89 66.36 66.87 67.30 60.16 80.69 
2:: 39.60 64.17 33.78 63.97 66.66 49.12 67.77 60.74 49.61 80.18 71.19 63.83 80.68 80.10 62.64 82.63 63.96 84.18 64.67 84.87 69.16 89.62 71.87 94.22 74.67 97.67 76.34 99.74 100.40 76.94 102.78 78.64 106.88 82.34 108.24 83.18 

ii:: 70.73 as.20 69.97 87.72 104.07 83.90 107.63 86.76 104.91 84.63 111.60 SO.47 101.74 126.42 104.74 126.92 106.64 130.97 107.18 131.61 113.10 138.82 118.86 146.71 123.10 160.80 126.46 163.43 128.17 164.19 167.67 129.06 133.72 162.80 136.68 166.44 

40.0 109.6 107.1 126.0 130.3 126.9 134.6 161.1 166.1 167.4 167.8 166.6 174.7 180.7 183.6 184.4 186.3 194.1 197.4 
46.0 131.6 128.2 149.7 164.8 160.7 169.1 178.6 183.2 186.7 186.0 196.4 206.8 212.7 216.9 216.7 221.1 227.4 231.6 
60.0 166.4 160.8 176.0 181.0 176.1 186.6 208.1 213.2 216.0 216.1 228.1 238.9 246.8 260.2 261.0 266.0 262.9 267.9 
66.0 180.9 174.9 202.0 208.9 203.1 213.4 239.3 246.0 248.0 246.0 281.8 273.9 282.9 286.6 287.4 292.9 300.3 306.3 
80.0 208.0 200.6 230.6 238.3 231.7 243.0 272.3 278.6 281.9 281.6 297.3 310.9 321.0 324.9 326.7 331.8 339.7 346.6 

66.0 236.8 227.7 260.7 289.4 261.9 274.1 307.1 314.0 317.6 317.0 334.6 349.7 361.0 366.1 386.9 372.6 381.1 JB9.0 
70.0 187.1 266.2 292.3 302.1 293.6 306.8 343.6 361.0 364.8 364.0 373.7 390.4 402.9 407.2 408.0 416.3 424.3 433.2 
80.0 332.2 317.3 360.0 371.9 361.2 376.6 421.3 430.1 434.4 433.0 467.0 477.1 492.2 498.9 497.6 606.1 616.3 627.3 

1%:: 403.3 480.0 466.4 383.8 433.3 612.2 447.6 628.9 434.6 613.4 462.0 633.1 696.6 606.4 616.6 807.3 612.6 620.4 809.8 618.3 643.4 647.0 671.0 670.7 691.7 688.6 697.1 693.6 697.6 694.2 603.9 708.6 616.4 721.3 628.6 736.8 

160.0 941.9 884.2 982.4 1013.7 983.3 1014.9 1131.6 1161.3 1169.2 1161.1 1214.0 1264.0 1302.0 1308.6 1307.9 1326.8 1346.0 1373.9 
200.0 1620.6 1416.3 1664.6 1614.3 1666.7 1610.7 1793.8 1823.6 1832.6 1817.1 1916.2 1978.0 2Q40.4 2060.4 2067.9 2083.8 2100.4 2163.9 
260.0 2196.0 2033.2 2239.0 2310.4 2247.0 2299.9 2660.2 2606.6 2810.0 2686.3 2726.6 2800.9 2893.3 2928.9 2922.8 2963.0 2967.7 3062.3 
300.0 2967.6 2723.1 2392.7 3088.3 3007.2 3069.2 2416.2 3493.6 3476.7 3441.3 3829.0 3717.8 3839.3 3896.4 3886.1 3941.6 3932.6 4060.8 
360.0 3788.0 3476.6 3816.4 3937.6 3836.8 3908.3 4347.4 4461.6 4421.1 4373.8 4812.0 4716.7 4671.6 4947.3 4932.3 6006.9 4982.6 6136.6 

400.0 4681. 4286. 4699. 4860. 4727. 4809. 6348. 6499. 6434. 6378. 6666. 6788. 6978. 6074. 8064. 6146. 6107. 6299. 
460.0 6630. 6144. 6636. 6817. 6672. 6763. 8408. 6697. 6607. 8432. 6781. 6922. 7160. 7267. 7241. 7362. 7299. 7628. 
600.0 a82a. 8047. 6621. 8834. 6864. 6766. 7621. 7760. 7633. 7643. 7962. 8114. 8383. 8619. 8486. 8627. 8646. 8832. 

.***.*..~**..+.**.*.*.***~**~~~******.*~*.**..*.*..*.~*.***.~*..*****~.****~*.*****.*.****~~*.*~****~*****.~~*.****..**.*~...*..*.*~ 
E/A sa n BP LA Pn 94 CD HO Tn Lu TA HE In AU PB BI TB 

60 62 66 67 69 62 84 67 69 71 73 76 77 79 82 83 so 92” 
.~~.1**.***..*.~*~**.~..***.*~..*****~****...**~*.**.~**.*.********.**.**.~~*.***.**************.~~*~.*.*..**..*.*.**.*...*.**~~**~~ 

El 14.78 16.67 16.33 17.32 16.66 18.64 18.84 16.87 17.60 19.49 18.39 20.60 18.93 21.10 19.62 21.92 20.03 22.38 20.44 22.84 20.86 23.30 21.29 23.78 21.73 24.31 22.13 24.76 22.66 26.30 22.84 26.48 24.40 27.23 26.00 27.79 

::: 18.62 20.33 19.26 21.16 20.47 22.36 20.76 22.64 23.31 21.41 22.63 24.63 23.20 26.26 24.13 26.29 24.63 26.83 26.16 27.41 26.66 27.96 26.17 28.60 26.78 29.19 29.69 27.26 30.30 27.83 30.47 28.00 32.46 29.87 30.46 33.08 
4.6 22.13 23.03 24.26 24.61 26.18 26.61 27.29 28.42 29.00 29.63 30.21 30.80 31.66 32.09 32.72 32.89 34.98 36.62 

2: 26.74 23.93 24.91 26.80 26.13 28.01 26.38 28.26 27.06 28.94 30.46 28.48 29.32 31.36 30.66 32.67 33.32 31.16 31.84 34.04 32.46 34.70 33.07 36.34 33.90 36.24 38.83 34.46 36.13 37.62 36.29 37.67 37.49 39.99 38.16 40.69 

t.: 
710 

27.66 29.39 28.70 33.61 31.82 29.91 30.13 32.03 30.82 32.72 32.44 34.43 33.38 36.43 34.79 36.92 36.47 37.64 36.24 38.46 36.93 33.18 37.61 39.88 38.67 40.91 39.19 41.66 39.91 42.31 40.W 42.46 42.48 44.99 43.22 45.76 
31.23 32.64 33.76 33.96 34.64 30.44 37.49 39.07 39.81 40.67 41.44 42.17 43.26 43.93 44.72 44.86 47.60 48.29 

2: 34.99 38.83 36.46 40.47 37.66 41.67 37.83 41.61 38.62 42.49 40.60 44.66 41.66 46.92 43.41 47.83 44.21 48.69 46.16 49.72 46.00 60.63 46.78 61.47 47.99 62.80 48.73 63.69 49.67 64.60 49.70 64.62 62.67 67.72 63.42 68.63 
10.0 42.76 44.67 46.76 46.88 46.66 48.30 60.27 62.34 63.26 64.37 66.36 66.26 67.69 68.64 69.61 69.62 62.96 63.92 
11.0 46.79 48.77 49.96 60.06 60.71 63.24 64.72 66.96 67.91 69.12 60.17 61.12 62.68 63.67 64.62 84.72 88.29 69.32 
12.0 60.92 63.07 64.26 64.32 64.97 67.68 69.27 61.86 62.67 83.98 66.08 W.OB 67.76 68.71 69.83 69.91 73.72 74.82 

16.0 83.93 68.62 67.79 67.76 68.36 71.63 73.64 76.40 77.66 79.12 80.46 81.61 83.64 84.74 88.08 88.13 90.70 91.98 
20.0 87.67 91.34 92.47 92.26 92.72 96.98 99.46 103.12 104.61 106.61 108.21 109.66 112.26 113.61 116.38 116.37 121.27 122.86 
26.0 113.97 llB.70 119.77 119.36 119.64 124.96 128.03 132.60 134.13 136.69 138.68 140.39 143.61 146.21 147.46 147.36 164.72 166.67 
30.0 142.76 148.62 149.63 149.00 149.04 166.47 169.20 164.60 166.36 169.29 171.80 173.80 177.64 179.46 182.24 182.08 190.99 193.32 
36.0 173.93 181.03 181.96 181.09 180.86 188.47 192.87 199.04 201.13 204.66 207.61 209.80 214.30 216.37 219.70 219.46 230.03 232.74 

2: 
60:0 

207.4 243.2 216.9 263.0 216.7 263.6 216.6 262.3 216.0 261.6 223.9 261.6 229.0 267.6 236.0 276.6 238.4 278.0 242.3 282.6 246.7 286.4 248.3 289.3 296.2 263.6 266.8 297.7 302.3 269.8 301.9 269.4 271.7 316.1 274.9 319.8 
28t.2 292.6 293.1 291.4 230.1 301.7 308.3 317.2 320.0 326.1 329.4 332.7 339.3 342.0 347.4 346.8 383.0 367.0 

66.0 321.4 334.2 334.6 332.6 330.9 343.9 361.3 361.2 364.3 369.9 374.8 378.4 386.8 388.7 394.8 394.1 412.3 416.8 
60.0 363.6 378.0 378.3 376.0 373.8 388.3 396.6 407.6 410.8 417.0 422.6 426.4 434.6 437.7 444.6 443.8 464.1 489.1 

66.0 407.9 424.0 424.2 421.4 418.8 434.8 444.0 466.9 469.6 466.3 472.3 476.6 486.6 488.9 496.6 496.7 616.2 623.7 
70.0 464.1 472.0 472.0 468.9 466.8 483.4 493.6 606.6 610.3 617.7 624.3 629.0 638.8 642.3 660.9 649.8 674.7 680.7 

1oo:o ES 

662.6 674.1 673.8 609.9 666.6 686.6 698.6 613.8 618.1 626.8 634.7 640.1 861.6 666.6 866.0 664.6 694.4 701.4 

666.4 ml.6 684.0 801.4 l’83.3 800.2 618.6 794.6 672.9 787.6 697.6 816.1 711.6 932.1 729.0 862.0 733.9 667.4 744.0 868.9 763.1 879.4 769.4 886.6 772.7 901.8 777.1 906.6 789.4 787.7 822.7 921.0 918.9 969.4 830.9 368.9 

160.0 1437. 1492. 1488. 1477. 1461. 1612. :::i- 1673. 1681. 1601. 1619. 1631. 1667. 1964. 1690. 1886. 1776. 

200.0 ::Xf. 2337. 2330. 2313. 2286. 2362. 3403: 2462. 2464. 2492. 2620. 2637. 2676. 
2686. X26. 

260.0 
2619. X: 

* 3262. 3240. 3480. 3661. 
E?: 2%. 6663: E"4. 6689: z3 6038: 2% 6821. 3636. 6896: 6000: ;;W:. g6. 8D77: 6110. ii%: 

3708. 3896. 37S6. ii%. Ei$: 4369. 6662. 4311. 6476. 2% . i%? . :;:s~ , 
E? . 

48s2. 6000. 
6188. 6308. 

6l6l;: 
. 

400.0 6681. 6819. 

Iii::: 7864. 9210. 8148. 9641. 

z2 ii!::. 6723. 6913. 7004. 7131. 7140. 7221. 7346. 7436. 7479. 7698. 7674. 7703. 7909. 

9606: 9667: 8041. 9422. 8.2;:. . 8JW. 9793. 8616. 9967. 8624. 9974. 8620. 

iw 

10086. io22i: 1052 IOTT:: 1::;:: IOTA: lo?;:: 1;;;:: 2% 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

132 

ELECIROIIC 6TOPPIfiG POUER XI OUITS OF HEV/tIfG/SQ Ql) XE 101s 
64 

E/A a8 *c m  AL SI CA n CR FE 11 al 
4 12 13 14 20 22 24 26 28 29 

,+,..*****~**...~L*+*.*~*...~***~..***~**~~.*~*..**~..~**~*~***.~*.******.*.*****.~*~ 

i:: :it: 
106:2 

2; E 
3.6 72:0 

t:: ‘ET 72.0 48:s z*: . 

GE SE SR ZR MO Ml 
32 34 38 40 42 45 4+G 

~*+L,*****.,.*.******.*********.**.******~~..*.* 
Z:i ii.: 

isi.: 

2; 39.9 41.2 ZZ 2: 37.1 35.8 

%.i 
46:7 

42.4 42.3 41.g 42.1 z+ 
40:s 

2: 37.8 39.2 
43.7 42.4 42.1 37.8 38.3 

::: 96.77 Bl.69 89.39 81.20 70.40 49.1% 67.42 W.31 88.84 67.64 93.27 42.27 66.23 64.44 63.16 62.44 61.99 61.24 61.13 60.68 48.08 47.68 46.44 46.01 43.49 43.12 42.34 42.04 41.94 41.47 40.04 40.39 37.82 37.76 38.22 39.03 

8-Z 
710 

89.69 8G.76 %6.02 82.BG 47.77 GG.38 44.9% 133.48 69.28 44.94 41.23 GO.17 63.40 62.74 61.71 60.92 49.84 60.67 49.94 49.30 47.02 48.41 43.94 44.61 42.48 42.19 41.19 41.94 41.29 40.98 40.06 39.44 37.68 37.34 37.76 37.41 
94.13 80.84 46.01 42.3% 43.4% 69.11 61.47 60.13 49.0% 44.40 46.77 43.39 41.44 40.70 40.39 39.23 37.04 37.04 

::: 79.32 76.04 74.97 73.43 62.3% 69.96 67.42 69.93 61.23 68.92 67.04 66.09 48.47 60.14 44.98 48.63 47.68 48.11 47.19 46.79 43.14 44.48 42.20 41.00 40.67 39.48 39.48 38.44 38.38 39.40 38.31 37.34 38.34 36.40 36.23 36.37 

71.28 70.20 67.70 66.48 64.77 63.1% 46.89 46.60 44.49 44.43 41.90 39.84 38.37 37.40 37.37 39.41 34.81 34.61 
(11.8% (n.26 66.41 63.60 64.78 61.44 46.40 44.0% 43.34 43.14 40.49 38.71 37.31 34.40 36.39 36.49 34.03 33.44 
04.86 64.6% 63.47 6l.W 62.92 49.9'3 44.00 42.77 42.07 41.90 39.64 37.44 39.30 36.44 35.46 34.68 33.26 32.84 

67.33 67.74 48.47 a.90 48.10 46.4% 40.30 39.24 38.87 38.6% 39.44 34.76 33.64 33.01 32.84 32.11 31.04 30.67 
48.38 49.38 42.33 40.83 41.96 39.91 36.46 34.80 34.14 34.17 32.30 30.86 29.84 29.43 29.33 28.72 27.96 27.41 

26.0 42.12 43.38 37.43 39.33 37.34 36.4% 31.77 31.09 30.71 30.78 29.09 27.83 28.94 24.42 26.66 26.04 26.46 24.90 
37.47 39.86 34.00 32.86 33.81 32.40 28.88 28.27 27.98 28.08 24.66 26.42 24.43 24.37 24.33 23.88 23.40 22.87 
33.87 36.30 31.11 30.07 30.9G 29.76 29.66 24.02 26.74 26.86 24.48 23.46 22.74 22.63 22.60 22.11 21.70 21.20 

30.99 32.43 28.14 27.80 28.93 27.68 24.43 24.16 23.93 24.04 22.74 21.82 21.14 20.98 20.97 20.62 20.27 19.80 
28.42 30.07 YtS.74 26.8% 24.48 26.73 23.01 22.67 22.38 22.60 21.31 20.43 19.83 19.48 19.36 19.06 18.40 
26.46 28.08 26.0% 24.24 26.02 24.17 21.42 21.22 21.06 21.17 20.08 19.26 18.88 18.66 

;;A; 
17.99 17.67 

66.0 24.97 2G.38 23.44 22.89 23.69 22.81 20.42 20.09 19.91 20.03 18.98 18.21 17.88 17.67 :;:;; 17.04 14.86 

0.0 23.63 24.92 22.38 21.47 22.36 21.43 is.38 19.04 18.90 19.02 18.03 17.31 18.80 14.71 0;;: 14.47 18.26 16.87 

%: 22.27 21.17 23.83 22.60 21.28 20.30 20.41 19.44 21.26 20.28 20.69 19.48 17.43 18.46 18.13 17.33 18.01 17.22 18.13 17.34 17.1% 18.44 16.79 18.61 18.03 16.33 16.24 16.94 $:;; ;;.; 

;;+; 

;i:;+ ;i:;i 

80.0 19.31 20.6% 18.43 18.04 18.42 18.09 14.23 16.99 16.84 16.9% 16.19 14.67 14.16 14.09 14.11 13.76 13.44 
90.0 17.81 19.04 17.27 14.74 17.27 18.79 16.07 14.83 14.76 14.87 14.10 13.68 13.12 12.82 12.64 

100.0 14.67 17.74 14.14 16.44 14.14 16.71 14.11 13.89 13.81 13.93 13.21 12.71 :;:;; 12.31 ;;:A; 12.18 12.03 11.78 

'co; '"9:;: '"9:;: 1o.83 9.14 %% 
7147 

9.90 8.64 ix 
7:30 

9.41 8.08 8.11 9.82 2% 9.41 8.09 9.24 7.81 
8.10 7.87 7.9% 8.09 7.66 7.14 7.19 7.07 7.17 8.93 
7.38 7.08 7.24 7.36 8.97 8.84 i::: 4.61 4.64 4.44 4.53 6.31 
4.81 6.68 4.72 4.81 8.44 6.34 4.04 6.07 6.97 6.06 6.86 

7.144 7.891 7.230 7.004 7.174 7.099 4.389 4.143 4.311 4.396 4.048 6.948 ",:S;y 6.474 6.701 6.611 
4.744 7.477 4.861 4.434 4.800 6.727 4.069 6.860 6.987 4.088 6.769 6.841 6.384 6.413 5.328 

-3; i.F;;; 

4.468 7.143 4.647 4.340 4.499 4.431 6.792 6.698 6.724 6.804 6.610 6.413 6.242 6.164 6.180 6.100 5.167 6:003 

.**.********.**.***,.***.~*************~****...******.~...**.*..**.****.*****.******..*..****~..*.********.********.****..****...*.* 
e/A = 62T6 6SBp 6T" 6SpR f3Zsn 44GD 979' 6gm 71L" 73TA 76RF 771R 79'" 82'9 8JB1 90M 92" so 

.*.*...*.*HI.+++.**~*..*.**~.~..~*.***.****.**..*..~*..~..**..*~*~**~..*.~**.****.******.*~*****.*~*.*.**~**~*.****..**...*~***~*.. 
2.6 33.44 31.90 31.96 32.18 31.88 30.06 29.12 27.49 24.89 24.19 26.68 26.26 24.34 24.03 23.78 23.82 22.83 22.67 
3.0 34.78 33.19 33.23 33.46 33.22 31.39 30.46 28.86 28.28 27.67 27.04 24.43 26.72 26.3% 26.10 26.16 
3.6 36.64 33.94 33.97 34.21 34.00 32.20 31.28 29.71 29.14 28.46 27.94 27.62 28.83 26.28 26.98 29.04 

;;A; ;;."8: 

4.0 36.92 34.32 34.36 34.69 34.43 32.44 31.73 30.22 29.49 29.00 28.60 28.08 27.21 24.84 24.64 24.40 26:44 26:16 

4.6 34.04 34.47 34.60 34.74 34.41 32.88 31.94 30.60 30.00 29.32 28.82 28.42 27.64 27.21 24.89 24.96 26.74 26.44 

2: 
4:o 

t:: 

it: 
26:0 
34.0 
36.0 

28 

ii::: 
40.0 

%8:: 
260.0 

%%:8 

zx 
6oo:o 

39.02 34.44 34.48 34.72 34.42 32.93 32.03 30.42 30.14 29.47 28.98 28.69 27.70 27.41 27.07 27.13 26.94 26.84 

36.87 34.33 34.36 34.69 34.62 32.84 31.98 30.42 30.16 29.61 29.02 28.44 27.83 27.49 27.16 27.21 26.00 26.70 

36.44 34.12 34.14 34.38 34.33 32.71 31.86 30.63 30.09 23.46 28.98 28.41 27.82 27.48 27.14 27.20 26.99 26.69 
36.36 33.46 33.47 34.11 34.08 32.60 31.44 30.38 29.94 29.34 28.87 28.61 27.76 27.41 27.04 27.12 26.92 26.42 
36.02 33.64 33.67 33.80 33.7% 32.26 31.42 30.18 29.78 29.18 28.72 28.37 27.42 27.29 24.94 27.00 26.80 26.60 

34.2% 32.84 32.88 33.11 33.14 31.99 30.87 29.71 29.33 28.76 28.32 27.98 27.27 24.96 24.61 26.47 26.48 26.19 

33.61 32.12 32.16 32.38 32.43 31.02 30.29 29.14 28.81 28.26 27.84 27.62 24.86 24.66 24.19 24.26 26.08 24.80 

32.72 31.38 31.41 31.43 31.70 30.36 29.41 28.67 28.26 27.73 27.32 27.01 28.37 24.09 26.74 26.79 24.84 24.37 
31.84 30.64 30.47 30.88 30.97 29.97 28.97 27.98 27.48 27.18 26.78 24.49 26.88 25.61 26.24 26.32 24.19 23.92 
31.18 29.92 29.96 30.14 30.29 29.01 28.33 27.39 27.11 24.43 24.26 26.97 25.38 26.12 24.78 24.83 23.73 23.47 

29.04 27.90 27.94 28.14 28.27 27.16 24.63 26.71 26.47 26.04 24.70 24.46 23.93 23.70 23.37 23.42 22.39 22.14 

24.10 26.08 26.12 26.31 26.44 24.4% 23.98 23.28 23.09 22.73 22.43 22.22 21.78 21.40 21.28 
23.74 22.82 22.87 23.04 23.21 22.36 21.88 21.30 21.13 20.82 20.54 20.38 19.99 19.84 19.66 

f;.;; ;;A; $.;i 

21.82 20.99 21.04 21.19 21.37 20.69 20.18 19.44 19.62 19.24 19.01 18.86 18.60 
20.24 19.47 19.62 18.47 19.84 19.14 18.74 18.30 18.18 17.92 17.71 17.64 17.26 

$3; 
. 

;z.;"B 
. 

$4 
. 

$;I t'6.i; 

18.90 18.1% 18.26 18.38 18.66 17.91 17.64 17.14 17.03 16.80 16.60 14.47 14.19 14.10 16.86 16.89 16.22 16.07 

17~77 17.10 17.16 17.28 17.45 16.86 14.63 14.16 16.06 16.84 16.86 16.63 16.27 15.20 14.96 14.99 
14.78 14.14 14.21 14.33 14.60 16.94 16.43 16.28 16.20 16.00 14.83 14.72 14.47 14.41 
16.93 16.34 16.3% 16.60 16.87 16.14 14.86 14.63 14.46 14.24 14.10 14.00 13.77 13.71 ;;.:; 

14.21 
;U; ;;.:; 

13.63 12.97 12:86 
16.17 14.41 14.84 14.77 14.93 14.43 14.16 13.84 13.78 13.81 13.46 13.34 13.16 13.09 12:88 12.92 12.38 12.27 

14.60 13.94 14.01 14.12 14.28 13.80 13.66 13.24 13.19 13.03 12.88 12.79 12.69 12.64 12.34 12.37 11.88 11.76 

13.8% 13.38 13.43 13.63 13.49 13.23 12.99 12.72 12.44 12.61 12.37 12.28 12.09 12.04 11.86 11.88 11.40 11.2% 
12.84 12.39 12.43 12.63 12.48 12.24 12.04 11.80 11.74 11.40 11.48 

12.00 11.64 11.40 11.49 11.84 11.46 11.26 11.03 10.98 10.86 10.73 

;;L;g ;;.;T& :A.:; :;.;A UC;; '"9.;; '"9.;; 

11.27 10.84 10.90 10.99 11.13 10.74 10.68 10.38 10.33 10.21 10.10 10.04 9:89 %:88 9:70 9.73 9:33 %:26 

8.943 8.624 8.668 8.427 8.744 8.449 8.329 8.184 8.162 8.097 7.982 7.932 7.824 7.802 7.480 7.702 7.393 7.331 
7.472 7.216 7.214 7.272 7.378 7.148 7.034 6.920 4.894 8.828 4.767 4.714 4.429 4.409 4.608 

4.431 4.404 4.333 4.386 4.482 4.298 4.236 4.126 4.128 8.069 6.970 6.96% 6.893 6.849 6.767 C3;B" 4.042 6.836 6.771 6.791 6.877 6.743 6.G84 6.684 6.692 5.630 6.44% 6.440 6.381 6.342 6.268 6.274 ;A',; 6:237 ;.;;; 6:074 

6.904 6.416 6.367 6.379 6.464 6.333 6.279 6.190 6.196 6.138 6.Ok4 6.066 6.001 4.944 4.889 4.906 4.848 4.719 

6.271 6.092 6.040 6.064 6.133 6.017 4.98-t 4.881 4.889 4.836 4.787 4.768 4.709 4.477 4.804 4.41% 4.683 4.440 

6.007 4.837 4.789 4.804 4.877 4.748 4.720 4.443 4.448 4.697 4.633 4.624 4.479 4.448 4.379 4.393 4.368 4.229 
4.794 4.431 4.688 4.401 4.471 4.647 4.621 4.448 4.463 4.406 4.343 4.336 4.292 4.243 4.198 4.211 4.174 4.066 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAllGE I% WITS OF ?IG/SQ Ql 

WA BE 
4 gc 

.~*.**+**.*..*.*....I 
::i 8.364 6.770 6.216 6.630 

3.6 

::: 

yv~ 

8:282 

yw; 

8:316 

ffi AL SI CA T I  CR E-6 II 
12 13 14 20 22 24 28 28 

~******C*l.*********.**.******.******~*...************~*. 
7.811 7.790 7.660 9.112 9.860 10.382 10.770 11.180 
8.691 8.713 8.661 10.124 11.032 11.611 12.038 12.480 
9.676 9.639 9.474 11.131 12.196 12.827 13.289 13.7'30 

10.469 10.674 10.398 12.143 13.361 14.043 14.639 16.033 
11.378 11.626 11.330 13.166 14.636 16.286 16.793 16.310 

S:O Pi? 

8.940 9.044 12.304 12.492 12.281 14.201 16.722 16.600 

10.366 9.641 10.668 9.792 13.249 14.212 14.482 13.477 13.248 14.236 16.262 16.321 16.926 18.14'1 17.760 19.017 
6.6 11.114 11.346 16.196 16.608 16.241 17.408 19.389 20.303 
7.0 11.887 12.161 16.201 16.666 16.267 18.616 M.661 21.609 

2:: ;;A: 
17:02 

13.82 16.68 18.27 20.43 18.71 10.96 18.38 20.68 20.79 23.14 23.24 26.92 24.29 27.06 
10.0 17.42 22.68 23.30 22.86 26.68 28.89 29.91 
11.0 18.92 19.34 26.01 26.72 26.23 28.11 31.66 32.86 
12.0 20.91 21.36 27.42 28.23 27.68 30.72 34.60 36.89 

16.0 27.42 27.84 36.18 JB.29 36.64 39.04 43.91 46.67 
20.0 40.00 40.26 49.77 61.41 60.27 64.67 61.42 63.62 
26.0 64.67 64.66 68.34 88.68 69.98 72.10 81.12 83.69 
30.0 71.32 70.66 84.82 87.72 86.68 91.63 102.94 106.99 
36.0 89.87 98.60 106.14 108.74 106.00 112.81 126.80 130.36 

40.0 110.3 108.0 127.2 131.6 128.2 136.9 162.6 166.7 
46.0 132.6 129.2 161.1 160.2 162.1 160.7 180.4 186.0 
60.0 166.4 161.9 176.6 182.6 177.6 187.2 210.0 216.2 
66.0 182.0 176.2 203.7 210.6 204.8 216.3 241.4 247.2 
60.0 209.2 201.9 232.4 240.2 233.6 246.0 274.6 281.0 

66.0 238.1 229.1 262.6 271.6 263.9 276.3 3Q9.6 316.6 
70.0 268.6 267.8 294.4 304.3 296.7 309.1 346.1 363.7 

i% 333.8 406.1 319.2 386.9 302.3 436.0 374.4 460.4 383.7 437.4 379.2 466.0 424.3 608.7 433.2 619.1 
100.0 482.0 467.7 616.1 632.0 616.6 636.3 699.3 611.1 

160.0 944.9 887.8 986.8 1018.3 987.9 1019.8 1137.0 1167.0 
200.0 1626.0 1421.3 1670.6 1620.4 1672.6 1617.1 1801.0 1831.0 
260.0 2203.8 2039.6 2246.3 2318.0 2264.6 2307.8 2669.1 2617.6 
300.0 2964.7 2730.8 Jo01.4 3097.4 3016.1 3078.6 3426.8 3604.6 
360.0 3798.6 3486.7 3826.6 3948.1 3847.1 3919.2 4369.7 4474.3 

400.0 4691. 4296. 4711. 4862. 4739. 4821. 6361. 6613. 
460.0 6641. 6166. 5949. 6831. 6686. LW: 8423. 6613. 
600.0 6041. 8080. 6836. 6849. 6678. 7638. 7768. 

~...*..**....*..*.*.*..**.*~.~**.*.*.~******.***..~****..*.*~*, 
E/A SE TE B.A LA Pn SH GD ED 

60 62 66 67 59 62 64 67 
.*****...*U..*....*.**.*..*....***.*.*...**.****.***.******.*, 

2.6 16.11 16.68 16.93 17.26 17.89 18.80 19.36 20.06 
3.0 17.04 17.70 18.96 19.26 19.91 20.96 21.66 22.40 
3.6 18.92 19.67 20.91 21.21 21.88 23.02 23.70 24.66 
4.0 20.78 21.60 22.84 23.12 23.80 26.06 26.79 26.86 
4.6 22.60 23.62 24.76 26.03 26.71 27.07 27.86 29.02 

2: 24.43 26.26 27.36 26.43 26.67 28.69 26.93 28.83 27.62 29.53 31.08 29.07 31.99 29.93 33.34 31.18 

t:: 28.11 19.97 31.22 29.28 30.61 32.46 32.67 30.74 31.46 33.37 33.09 36.11 34.06 36.13 36.49 37.68 
7.0 31.84 33.18 34.41 34.61 36.32 37.16 38.23 39.84 

lo:o ?i 

36.66 37.16 39.38 36.66 39.26 41.28 42.46 44.26 

39.64 43.53 41.22 46.37 42.44 46.60 42.69 46.72 43.29 47.41 46.49 49.80 46.78 61.19 48.73 63.31 
11.0 47.61 49.63 60.86 60.94 61.62 64.19 66.70 67.97 
12.0 61.80 63.99 56.21 66.26 66.93 68.69 80.30 62.74 

16.0 64.96 67.70 88.90 88.87 69.48 72.81 74.76 77.67 
20.0 88.97 92.69 93.86 93.64 94.11 98.44 100.96 104.68 
26.0 116.62 120.31 121.42 121.01 121.30 126.69 129.82 134.36 
30.0 144.66 160.60 161.64 160.91 160.97 167.48 161.26 166.64 
36.0 176.99 183.18 184.14 183.26 183.06 190.76 196.22 201.47 

40.0 209.8 218.3 219.1 216.0 217.6 226.4 231.6 238.8 
46.0 246.8 266.7 266.6 266.0 264.2 184.6 270.4 278.5 
60.0 284.0 296.4 296.1 294.3 293.1 304.8 311.6 320.6 
66.0 324.4 337.4 337.9 336.8 334.1 347.3 364.8 364.8 
80.0 366.9 391.6 381.8 379.6 377.3 391.9 400.3 411.3 

66.0 411.4 427.7 427.9 426.2 422.6 438.7 448.0 460.1 
70.0 467.9 476.0 476.0 472.9 469.8 487.6 497.7 610.9 
80.0 666.8 678.6 678.3 674.4 670.1 691.3 603.4 618.7 
90.0 1363.2 689.0 688.3 663.6 677.9 702.8 716.9 734.6 

100.0 TT6.8 808.9 806.8 800.1 793.0 821.8 838.0 868.0 

150.0 1445. 1600. 1498. 1486. 
:% 

1620. 1648. 1682. 
200.0 2262. 2347. 2341. 2323. 2373. 
260.0 3203. 3322. 3321. 3295. 3263. 3361. 

$44;: p3;. 

300.0 4248. 4404. 4416. 4384. 4326. 4481. 
360.0 6364. 6680. 6603. 6669. 6493. 6666. 

:;;a* 
. 

4g : 

400.0 6699. 6838. 6876. 6836. 6742. 6933. 7024. 7162. 
t%?: 7886. 9233. 6169. 9666. 8220. 8629. 8176. 9681. 8446. 8062. 9696. 8283. 8388. 8639. 

9818. SSS2. 

17.069 17.696 18.262 19.463 20.227 21.004 21.306 21.809 22.977 23.142 
18.338 16.892 19.642 20.922 21.760 22.668 22.984 23.438 24.723 24.873 
19.634 20.206 21.037 22.397 23.289 24.146 24.4T6 26.079 28.476 26.616 
20.949 21.636 22.460 23.889 24.844 26.739 a.082 26.736 28.237 28.371 
22.283 22.883 23.882 26.400 26.418 27.360 27.706 28.408 33.011 30.143 

26.01 
27.83 

25: 
35:SS 

25.64 26.81 28.48 29.63 30.63 31.01 31.81 33.61 33.76 
28.48 29.82 31.66 32.93 34.01 34.41 36.30 37.28 37.43 
31.41 32.93 34.92 38.32 37.47 37.89 38.88 41.03 41.21 
34.42 36.12 38.29 39.81 41.03 41.47 42.66 44.88 46.08 
37.63 39.41 41.74 43.40 44.68 46.16 48.32 48.79 49.05 

46.66 

2TiP 
107.82 
132.43 

47.38 49.86 52.70 64.76 56.23 66.76 68.21 61.11 61.66 
66.60 69.13 72.90 76.66 T1.46 78.06 79.99 83.64 84.40 
86.98 90.70 95.46 98.96 101.07 101.74 104.16 108.32 109.70 

108.48 114.48 120.31 124.61 127.01 127.74 130.66 136.40 137.38 
133.00 140.39 147.37 162.63 166.21 166.97 169.41 184.71 167.38 

169.0 
187.6 

:~~:~ 
284.3 

169.6 168.4 178.6 182.6 186.6 186.4 190.3 196.2 199.6 
187.9 198.4 207.8 214.9 218.1 218.9 223.4 229.8 234.0 
218.2 230.3 241.1 249.2 262.7 263.6 268.5 296.6 270.6 
260.2 264.2 276.4 286.6 289.2 290.1 296.7 303.2 MS.2 
284.0 299.9 313.6 323.8 327.8 328.6 334.8 342.8 349.8 

320.1 319.6 337.4 362.7 364.1 368.2 389.0 376.8 384.4 392.3 
367.6 366.8 376.7 393.6 406.2 410.6 411.3 418.7 427.9 436.8 
437.6 436.2 490.4 480.7 496.9 600.6 601.3 509.9 620.3 631.4 
623.9 621.9 660.8 674.7 692.7 697.8 698.4 808.2 619.8 633.1 
616.6 613.7 647.6 676.3 696.3 701.7 702.2 713.3 726.2 741.8 

1164.9 
1840.1 

2%::: 
4433.8 

1166.9 1220.1 1270.4 1308.6 1316.3 1314.7 1332.7 1363.1 1381.1 
1824.6 1924.1 1988.3 2049.1 2069.2 x166.7 2092.8 2109.6 2163.3 
2694.6 2736.2 2811.0 2901.9 2939.7 2933.8 2974.0 2978.9 3063.8 
3462.3 3840.6 3729.8 3861.8 3908.1 3897.9 3964.5 3946.8 4064.4 
4386.6 4626.4 4730.6 4988.0 4962.0 4947.0 6033.2 4997.6 6162.0 

6448. 6388. 

Pi::: %f: 

I**.***, 1******* 
T?! LU 

69 71 
r*+*..*, t.*.**.. 

20.48 20.89 
22.87 23.34 
26.16 26.69 
27.41 27.99 
29.82 30.26 

5681. 6804. 6996. 6091. 6070. 6163. 6124. 6316. 
8798. 8940. 7166. 7286. 7260. 7371. 7317. 7648. 
7971. 8133. 8403. 8539. 8607. 8638. 8667. 8839. 

'I*$***L***C**++***+****.**.******~***~~****..*~.***~~** 
TA rLE Ia AU PB BI Tn 

73 75 77 79 82 83 90 92' 
1***.*t*...****.**t**.**..***~.*.*****..*.*..*.*.~..*.*. 

21.31 21.76 22.20 22.60 23.13 23.32 26.00 26.64 
23.61 24.29 24.83 26.27 26.83 26.01 27.81 28.38 
26.21 26.73 27.36 27.82 28.41 28.69 30.60 31.10 
28.64 29.10 29.80 30.30 30.92 31.09 33.12 33.76 
30.86 31.44 32.21 32.74 33.39 33.68 36.70 36.36 

32.60 33.13 33.75 34.69 36.18 36.83 38.00 38.26 38.94 
34.73 36.40 38.08 38.96 37.66 38.27 38.43 40.79 41.51 
36.97 37.68 38.36 39.34 39.96 40.70 40.86 43.33 44.08 
39.22 3S.96 40.67 41.71 42.37 43.13 43.28 46.87 46.66 
41.47 42.26 42.99 44.09 44.78 46.68 45.72 48.42 49.24 

46.06 

E% 
68:96 
63.77 

46.03 

E!:F 
60.18 
66.09 

46.88 47.68 48.90 49.64 50.61 60.64 63.67 64.44 
61.68 62.43 63.78 64.68 66.60 66.62 68.79 69.72 
66.37 67.27 68.74 69.69 80.69 60.70 84.10 66.09 
81.24 62.21 63.79 64.70 66.76 66.86 69.61 70.58 
86.22 67.24 68.94 69.90 71.04 71.13 76.02 76.13 

78.86 
106.10 
136.01 
168.63 
203.60 

80.43 
106.13 

:E ' E 
207:07 

81.78 82.96 86.01 89.13 87.60 87.66 92.20 93.61 
109.86 111.31 113.96 116.33 117.12 117.11 123.12 124.75 
140.63 142.36 146.62 147.24 149.61 149.43 166.90 168.89 
174.06 176.07 179.96 181.82 184.63 184.47 193.61 196.88 
210.06 212.38 216.93 219.02 222.41 222.16 232.88 236.64 

2: 
323:4 

Z:P 

246.1 248.6 261.2 266.4 268.8 262.8 262.4 274.9 278.1 
286.6 289.6 292.6 298.4 301.0 306.7 306.2 319.6 323.2 
328.4 332.9 336.2 342.8 346.6 361.0 360.4 366.8 370.9 
373.6 378.6 382.2 389.6 392.6 398.7 398.1 416.6 421.0 
421.0 426.6 430.6 438.7 441.9 448.8 448.0 468.6 473.6 

EB 
623:l 

;f:?f 
631:s 

739.6 749.7 
863.5 876.1 

476.6 481.0 490.0 493.4 601.2 600.2 623.0 628.6 
628.9 633.6 643.6 647.1 666.8 664.7 679.8 686.9 
639.8 646.3 666.9 661.0 671.4 670.0 700.1 707.2 
768.9 766.2 R8.6 783.0 796.6 793.8 829.1 837.4 
886.7 892.9 908.2 913.1 927.6 926.5 966.4 976.9 

:%? 
3634. 
4676. 
6916. 

7242. 
8643. 

10111. 

1628. 1640. 1666. 1673. 1700. 1696. 1769. 1786. 
2632. 2649. 2687. 2697. 2638. x31. 2722. 2768. 
3676. 3697. 3047. 

3863. :3::: 
3711. 3811. 3893. 

4736. 4768. 4822. 4846. 4909. 
6993. 6018. 6096. 6130. 6227. 6208. 5a8. G%: 6327. 

;$;& g3;: g4;. 7601. 7620. 7696. 7726. 7932. 

10247. 10281. 10402: 1%:: I%%: 
9063. 9204. 9466. 

10698. 10762. 11060. 

115 Atomic Data and Nwlear Data TatMs. Vd. 46, No. I, 6eptmber 1990 

132 
IE IOlS 

64 

SR ZR no as 
38 ,a3 42 46 4fG 

l **.**~.**.**.**.*.*.*.*..*****.*.* 

13.174 13.390 13.614 14.026 14.390 
14.778 16.014 16.300 16.898 16.198 
16.347 16.601 16.946 17.706 17.968 
17.900 18.171 18.670 19.478 19.692 
19.460 19.737 20.189 21.231 21.417 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

133 
ELECTROIIC STOPPIBG POVER II WITS OF HEV/tRG/Sq QIO cs Ions 

66 

b/A BE 
4 6" 12 

ffi AL SI CA ll CR FE VI aJ GE SE SR ZFl IlO Rn 
13 14 20 22 24 26 26 2s 32 34 38 40 42 46 4:G 

**1**1..*.*....+1.*......**.*.*.*.*.**~**..~.*.~*.*.**......****.~***.*~.*~***.******~.*~.*******~**...**.********.*****..*.*.***.** 

i:: 116.3 112.3 it:: 76.6 78.4 K 13.7 74.0 68.1 i!:: L2.i: 62.6 61.1 62.3 47.8 49.1 icz 42.8 41.2 42.0 40.7 z?i 3617 36 0 X 

i:i . 108.9 106.3 101.8 EC3 9317 75.9 2s , ;:i . 73.6 T?B . z:x Ed :z 67:2 55:5 66.4 54.9 E.Z 8:: . 62.9 62.9 62.7 49.6 Z*E . 4817 ii:; ii*: ii:: . ZZ ii:: 42.7 ii:: 41.3 41.7 41.8 g; gp 

2: 98.36 95.14 89.36 91.66 72.27 70.85 69.21 67.90 70.46 69.17 64.72 83.73 66.49 66.71 63.67 64.36 63.06 62.44 62.28 51.74 49.16 48.67 46.46 46.04 44.10 44.46 42.99 43.30 42.89 42.60 41.54 41.30 38.65 38.60 39.06 38.88 
8:: 92.09 89.22 87.17 86.03 69.43 68.02 86.67 66.26 61.86 66.66 61.82 62.69 54.87 64.00 62.92 62.14 61.02 61.75 61.13 60.48 46.11 47.60 45.00 46.64 43.67 43.18 42.16 42.80 41.81 42.23 40.97 40.68 38.44 38.20 38.28 38.61 

7.0 86.63 82.96 88.64 63.96 66.27 60.66 63.13 61.34 60.27 49.77 46.87 44.42 42.66 41.67 41.34 40.16 37.91 37.91 

i:: 77.27 81.62 79.04 76.44 83.99 61.52 61.46 69.12 62.79 80.46 68.47 56.46 61.39 49.71 49.73 48.17 43.76 47.27 48.36 46.94 46.56 44.24 43.23 42.03 41.56 40.44 40.64 39.69 40.36 39.33 39.24 38.28 37.23 36.48 37.10 36.24 

:t: 
12:o 

73.40 69.94 69.16 72.16 69.23 67.11 56.96 64.94 68.27 56.24 64.67 62.80 48.11 46.69 48.67 46.26 46.84 44.48 46.67 44.26 42.97 41.76 40.86 39.72 39.34 38.27 38.66 37.64 38.31 37.32 37.32 36.38 36.69 34.89 36.37 34.62 
86.83 66.41 56.14 53.07 54.36 61.13 46.17 43.90 43.16 43.01 40.58 38.63 37.26 36.67 36.37 36.48 34.11 33.69 

$55; :x-: 
69.12 59.46 50.05 48.22 49.46 48.76 41.41 40.32 39.73 39.66 37.44 35.70 34.47 33.91 33.76 32.98 31.90 31.39 
49.93 43.60 38.71 44.76 40.10 50.90 43.67 38.77 36.06 33.87 42.03 37.43 43.18 34.86 38.49 4l.W 38.76 33.39 38.47 32.72 29.77 36.80 31.99 29.14 36.14 31.62 28.83 36.16 31.67 28.91 33.22 29.96 27.36 31.73 28.66 26.19 30.69 27.74 26.37 30.26 27.40 26.10 30.16 27.33 26.06 26.80 24.60 29.63 28.74 26.19 24.10 25.63 23.66 28.18 

36.0 36.00 36.46 32.09 31.02 31.94 30.68 27.38 26.82 26.66 26.66 26.24 24.18 23.44 23.22 23.19 22.78 22.37 21.86 

tg 32.04 2V.60 27.67 33.60 31.07 29.03 29.66 27.63 26.91 28.69 26.73 25.07 25.84 29.66 27.66 28.44 26.66 24.96 26.41 23.74 22.32 24.91 23.30 21.91 24.68 23.10 21.74 24.80 23.21 21.86 23.48 21.99 2O.71 22.60 21.09 19.87 21.83 20.46 19.26 21.84 2O.30 19.16 21.62 20.29 19.14 21.26 19.97 18.85 20.90 19.66 la.67 20.41 19.19 18.13 
66.0 26.84 27.28 24.43 23.64 24.37 23.66 21.10 20.72 20.66 20.68 19.60 18.81 18.26 18.14 18.14 17.87 17.62 17.20 
60.0 24.36 26.77 23.13 22.40 23.09 22.36 20.02 19.67 19.52 19.66 18.62 17.88 17.36 17.26 17.26 17.01 16.78 16.39 

;::: 23.06 21.91 23.28 24.44 22.00 20.99 21.30 20.33 21.97 20.97 21.28 20.33 19.07 16.22 17.91 18.74 18.61 17.79 18.74 17.92 16.99 17.76 17.06 16.32 16.66 16.86 16.47 16.77 16.78 16.48 16.25 16.56 16.03 15.36 16.66 16.01 

2: 19.99 18.44 21.31 19.71 19.27 17.87 18.68 17.32 19.26 17.87 18.70 17.37 16.69 16.78 16.60 16.34 16.26 16.40 16.53 15.38 16.67 14.58 16.06 14.02 14.63 13.62 14.67 13.67 14.68 13.69 14.39 13.42 13.26 14.21 13.89 12.97 
100.0 17.16 18.38 16.70 16.19 16.70 16.26 14.60 14.37 14.29 14.41 13.67 13.16 12.77 12.73 12.76 12.60 12.46 12.18 

160.0 13.06 14.08 12.ar 12.49 12.88 12.58 11.16 

:k% 

ZE.: 

ly3$ 

a:sa 7.91 

y; 

2.;: 

10.82 9.64 '"9.;~ 

7.76 a:38 

'"9.;; 10.57 9.34 lL3; 8.40 9.34 I;.;; 

;.:i ES 6.80 fig; 6.97 

I;.:; : 

;.2 7.06 

Icy; 7:vs 1g.g 7183 

9.96 9.96 9.97 9.86 9.74 9.57 

8.66 7.57 a.37 7.42 8.41 7.46 8.30 7.33 ;::i 8.09 7. I8 

8.65 8.00 8.48 7.84 7.63 7.06 7.23 6.70 7.12 6.59 8.88 6.38 6.76 6.26 6.78 6.29 6.67 8.19 :::: 6.54 6.07 

::x 
5oo:o 

7.411 7.015 7.763 8.182 7.498 7.105 7.263 6.882 7.439 7.052 7.358 6.977 6.625 6,283 6.391 6.067 6.545 6.209 6.631 6.292 6.292 6.972 6.188 6.870 6.989 5.683 6.883 5.686 5.911 6.613 6.818 6.626 6.896 5.599 5.706 5.420 
6.697 7.407 6.790 6.676 6.740 6.669 6.007 6.806 5.938 6.019 5.714 6.614 5.437 6.346 6.372 6.289 5.359 5.189 

.11*..~,*****.***.****.*~****~**~**.**.***~*~*.**.****.**.*.*****.**.***.*.***~****.*..**.**********~~.*~....***********..~*.**~~**. 
E/A ?,I TE BA LA FX Sii GO HO 50 62 66 67 69 62 84 67 

6vM 71LU 73TA 75RE 771R 7vAU a2i'S V3BI w18 v2U 

**.***+*++**Cl*t***.**.~*.*.*.********.**************.***********.**.*********.***~******~*~******~**.**.*~********.********.**.**.~ 
34.09 32.60 32.56 32.78 32.47 30.61 29.66 28.00 27.39 26.87 26.16 25.72 24.79 24.47 24.20 24.27 23.26 22.99 
36.47 33.84 33.88 34.12 33.86 32.00 31.04 29.41 28.83 28.10 27.68 27.16 26.22 26.88 26.69 25.65 24.56 24.27 
313.26 34.62 34.66 34.90 34.69 32.85 31.89 Jo.30 29.74 29.02 28.60 28.07 27.16 26.81 26.60 26.66 26.42 25.12 
36.67 35.04 36.07 36.31 35.14 33.34 32.39 30.86 30.31 29.80 29.08 28.66 27.77 27.41 27.09 27.15 26.97 26.66 
36.83 35.21 35.24 35.48 36.36 33.68 32.64 31.15 30.63 29.94 29.43 29.02 28.16 27.79 27.45 27.52 X.31 26.00 

38.81 36.21 35.23 36.48 36.38 33.64 32.73 31.28 30.79 30.11 29.61 29.21 28.36 28.00 27.66 27.72 26.60 26.19 
38.67 36.09 35.12 36.36 35.28 33.69 32.69 31.29 30.82 30.16 29.66 29.27 28.45 28.09 27.74 27.81 26.57 26.26 
36.46 34.89 34.91 36.15 36.10 33.45 32.67 31.22 30.76 30.12 29.63 29.26 28.44 28.09 27.74 27.80 26.67 26.26 
26.17 34.63 34.65 34.89 34.86 33.26 32.38 31.07 30.64 30.01 29.63 29.16 28.38 28.03 27.68 27.74 26.60 26.20 
36.64 34.33 34.36 34.69 34.68 33.00 32.16 30.86 30.47 29.65 29.38 29.02 28.26 27.92 27.67 27.62 26.39 26.09 

35.11 33.66 35.67 X3.90 33.93 32.42 31.60 30.41 3O.02 29.44 28.99 28.64 27.92 27.60 27.24 27.30 26.08 25.78 
34.33 32.91 32.94 33.17 33.22 31.77 30.99 29.86 29.60 28.96 26.61 26.18 27.60 27.19 26.83 26.88 26.68 26.39 
33.64 32.16 32.19 32.41 32.49 31.10 30.36 29.28 28.96 28.41 27.99 27.68 27.02 26.73 26.37 26.43 26.26 24.97 
32.76 31.42 31.46 31.87 31.76 30.42 29.70 28.69 28.37 27.86 27.48 27.16 28.63 26.26 26.89 25.96 24.79 24.52 
31.98 30.69 30.72 30.94 31.04 29.76 29.06 28.10 27.80 27.31 26.92 26.63 26.03 26.77 26.41 25.46 24.33 24.06 

29.84 28.65 28.69 28.89 29.03 27.87 27.24 28.39 20.14 26.71 25.36 25.10 24.68 24.33 23.99 24.04 22.98 22.73 
26.83 26.79 26.83 26.02 26.18 25.18 24.63 23.93 23.73 23.36 23.06 22.84 22.38 22.20 21.87 21.92 20.96 20.74 
24.43 23.49 23.63 23.71 23.88 23.00 22.52 21.91 21.76 21.42 21.16 20.98 20.67 20.42 20.11 20.16 19.28 19.09 
22.47 21.62 21.67 21.63 22.00 21.21 20.78 20.26 20.10 19.81 19.67 19.41 19.06 18.93 18.64 18.68 17.88 17.70 
20.86 20.07 20.12 20.27 20.46 19.72 19.33 18.86 18.73 18.47 18.24 18.10 17.78 17.67 17.40 17.44 16.70 16.63 

19.49 18.76 18.81 18.96 19.13 18.48 18.10 17.67 17.66 17.32 17.12 16.98 16.69 16.80 16.34 
l(l.33 17.64 17.69 17.83 18.00 17.38 17.06 16.66 

16.38 15.69 y; 
16.56 16.34 16.14 16.02 16.75 15.67 16.43 15.46 14.81 

17.32 16.68 16.73 16.86 17.03 16.44 16.13 15.77 15.68 16.48 15.30 16.18 14.93 14.86 14.63 14.66 14.05 13.92 
16.44 16.83 16.88 16.00 16.17 16.62 16.33 14.99 14.91 14.72 14.66 14.46 14.21 14.15 13.93 13.96 13.38 13.26 
16.66 16.09 15.14 16.26 15.42 14.90 14.62 14.31 14.23 14.06 13.89 13.79 13.57 13.62 13.30 13.34 12.79 12.67 

14.97 14.42 14.47 14.68 14.76 14.26 13.99 13.69 13.62 13.46 13.31 13.21 13.00 12.95 12.76 12.78 12.26 12.14 
14.36 13.83 13.87 13.98 14.14 13.67 13.42 13.14 13.08 12.92 12.78 12.89 12.49 12.44 12.24 12.27 11.77 Il.66 
13.29 12.80 12.86 12.95 13.10 12.67 12.44 12.19 12.14 11.99 11.86 Il.78 11.60 Il.66 11.38 11.41 10.94 10.84 
12.40 11.96 12.00 12.09 12.24 11.64 11.63 11.40 11.36 11.22 11.10 11.02 10.86 10.82 10.66 10.68 10.16 
11.66 11.23 11.28 11.37 11.61 11.13 10.94 10.73 10.68 10.66 10.45 10.38 10.23 10.20 10.03 10.06 '"9:;; 9.67 

9.166 8.826 8.861 8.933 9.056 8.768 8.623 8.473 8.441 8.352 8.264 8.213 8.100 8.077 7.961 -1.974 7.664 7.590 
7.741 7.474 7.473 7.634 7.B43 7.405 7.287 7.188 7.144 7.074 7.000 6.958 6.867 6.846 6.742 6.762 6.672 6.458 
6.872 6.637 6.663 6.617 6.717 6.626 6.461 6,348 6.361 6.280 6.186 6.176 6.107 6.062 6.986 6.986 5.943 6.766 
6.263 6.049 6.983 6.003 6.093 6.953 6.894 5.792 6.796 6.732 6.649 5.639 6.678 5.638 5.460 6.469 6.429 6.260 
6.812 6.614 6.664 6.673 6.667 6.629 6.473 6.381 6.386 6.326 6.260 6.240 6.186 6.149 6.088 6.085 6.047 4.892 

5.466 6.280 6.226 6.243 6.322 6.202 6.150 6.066 6.069 6.014 4.943 4.934 4.883 4.849 4.774 4.789 4.752 4.610 
6.182 6.016 4.866 4.882 6.058 4.946 4.695 4.815 4.819 4.717 4.700 4.691 4.644 4.613 4.641 4.656 4.519 4.38’3 
4.971 4.802 4.766 4.772 4.644 4.736 4.688 4.612 4.618 4.668 4.604 4.496 4.451 4.421 4.363 4.367 4.331 4.206 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

IlAnGE II WITS OF HO/SQ Ql 
133 

cs Ions 
66 

WA BE 
*c 12 

n2 AL SI CA TI CR FE III al GE SE SR m UO roi 
4 13 14 20 22 24 28 28 29 32 34 38 40 42 46 4:" .*+**+t********l****~****~************************.*.***************************.********************,********~~*~*********.******~~ 

3:: 8.314 6,730 6.166 6.490 7.761 8.620 7.730 8.041 7.690 a.489 10.036 9.036 10.938 9.780 10.303 11.617 10.690 11.942 11.090 12.374 11.330 12.700 12.110 13.569 12.620 14.06% 13.067 14.863 13,280 14.885 13.501 16.168 13.910 16.761 14.270 
18.067 

2: 8.916 7.636 0.846 7.634 10.373 9.491 10.476 9.664 10.298 9.390 11.029 12.027 12.086 13.236 12.717 13.916 13.178 14.410 13.638 14.894 14.047 15.386 16.001 16.421 16.560 17.049 16.202 17,736 16.463 18.002 16.793 17.546 17.795 
18.397 Is.296 19.508 

4.6 8.179 8.236 11.268 11.412 11.219 13.034 14.392 16.122 15.647 16.163 16.725 17.841 18.636 19.264 19.547 19.994 21.026 21.210 

::t 8.844 9.631 8.964 9.689 12.160 13.109 12.364 13.334 12.166 13.107 14.066 16.090 16.748 16.662 16.338 17.669 16.894 18.166 17.420 18.698 18.072 19.431 19.268 20.708 20.027 21.629 20.79% 22.337 21.094 22.849 21.692 23.197 22.747 24.468 22.911 

6.0 10.242 10.443 14.057 14.323 14.078 16.142 17.961 18.817 19.431 19.991 20.806 
24.617 

22.168 23.044 23.891 24.217 24.814 26.195 
6.6 10.976 11.216 16.025 16.332 16.0%7 17.212 19.172 20.083 20.726 

28.333 
21.300 22.196 23.627 24.676 25.460 26.799 26.446 27.930 28.063 

7.0 11.732 12.007 16.013 16.362 16.076 18.301 20.414 21.368 22.038 22.627 23.806 26.114 28.126 27.047 27.399 28.092 29.677 29.808 

i:: 13.32 14.99 13.66 16.37 18.06 20.17 18.48 20.69 20.31 18.15 20.54 22.86 22.96 25.59 26.72 24.00 24.72 27.60 28.13 26.34 26.48 29.46 31.27 28.16 32.63 29.28 30.28 33.69 30.66 33.99 31.44 34.87 33.22 3%.a2 33.36 
38.98 

10.0 16.78 17.18 22.37 22.98 22.66 26.26 28.31 29.62 30.36 31.01 32.50 34.48 36.86 37.00 37.42 38.39 40.61 40.70 
11.0 18.61 19.06 24.66 26.36 24.88 27.73 31.12 32.42 33.30 33.97 36.64 37.78 39.29 40.49 40.94 42.00 44.28 44.60 
12.0 20.66 21.02 27.03 27.82 27.28 30.29 34.02 36.40 38.33 37.02 33.87 41.18 42.81 44.08 44.66 46.70 48.13 48.40 

16.0 X.92 27.38 34.64 36.72 34.99 38.46 43.26 44.89 46.98 46.69 49.11 61.93 63.96 66.42 66.94 67.38 80.24 60.68 
20.0 39.21 39.51 48.92 50.64 49.42 63.67 130.41 62.49 63.81 %4.64 88.01 71.73 74.44 76.22 76.82 78.72 82.23 83.07 
26.0 63.63 63.48 66.13 67.34 66.77 70.62 79.69 82.23 83.80 84.50 as.12 93.82 97.27 99.36 100.01 102.39 106.60 107.86 
30.0 69.77 69.21 83.20 86.04 83.95 89.83 101.03 104.04 106.86 106.60 112.38 118.13 122.36 124.73 126.46 128.32 132.99 134.94 
36.0 87.86 88.63 103.06 106.58 103.90 110.63 124.35 127.86 129.91 130.48 137.72 144.68 149.66 162.30 163.07 166.44 161.66 164.28 

40.0 107.7 106.7 124.6 128.9 126.6 133.2 149.6 163.6 166.9 156.4 165.1 173.1 179.1 182.0 182.8 186.7 192.4 196.8 
46.0 129.4 126.3 147.9 152.9 148.9 167.4 176.7 181.2 183.8 184.1 194.4 203.7 210.6 213.7 214.6 219.0 226.3 229.4 
50.0 152.7 148.6 172.7 178.6 173.8 183.2 206.6 210.7 213.6 213.6 226.6 236.2 244.1 247.6 248.3 263.3 260.1 265.1 
66.0 177.6 172.1 199.2 206.0 200.3 210.7 238.2 241.9 246.0 244.9 268.6 270.6 279.5 283.2 284.0 289.6 296.9 302.8 
60.0 204.1 197.2 227.2 234.9 228.4 239.7 268.6 274.9 278.2 277.9 293.4 306.9 316.9 320.8 321.6 327.7 336.6 342.4 

66.0 232.2 223.7 266.7 265.3 267.9 270.2 302.7 309.5 313.1 312.8 330.0 345.0 366.2 3130.2 361.0 367.7 376.1 583.9 
70.0 261.8 261.6 287.6 297.3 288.9 302.1 338.4 346.8 349.6 348.9 368.3 384.8 397.2 401.5 402.3 409.6 418.5 427.3 

100: it8 0 

326.4 311.4 363.8 386.6 366.2 370.4 414.6 423.3 427.6 426.3 449.9 469.8 484.7 489.4 490.1 498.6 508.6 519.6 

394.8 489.6 376.4 446.3 426.6 602.6 439.8 619.1 426.9 504.0 444.3 623.6 496.8 685.0 508.9 596.6 801.9 611.7 509.8 699.2 632.2 637.9 669.4 561.4 879.9 679.0 885.3 584.0 686.7 684.6 696.6 694.3 605.6 709.2 618.6 724.5 

160.0 919.8 884.7 881.6 992.3 962.7 994.0 1108.4 1127.9 1135.7 1127.9 1189.6 1238.6 1275.9 1282.6 1282.0 1299.6 1319.6 1346.9 
200.0 1463.7 1383.6 1529.3 1677.9 1531.4 1676.0 1764.2 1783.6 1792.4 1777.4 1874.3 1935.0 1996.2 2016.9 2013.5 2039.0 x)66.4 2107.8 
260.0 2143.4 1964.7 2186.3 2266.1 2194.3 2246.6 2601.0 2648.3 2560.0 2626.0 2863.9 2736.9 2826.4 2862.3 2866.4 2896.8 2900.7 
300.0 

2983.4 
2882.9 2666.7 2920.2 3013.6 2934.6 2996.7 3333.6 3410.4 3394.1 3369.7 3543.0 3630.0 3748.8 3803.7 3793.8 3848.9 3840.6 3956.1 

360.0 3691.2 3390.3 3721.1 3840.3 3742.2 3812.8 4241.2 4362.8 4313.6 4267.6 4600.1 4802.6 4763.9 4828.0 4813.4 4886.3 4882.9 6013.2 

400.0 4661. 4178. 4681. 4728. 4609. 4689. 6216. 6362. 6299. 6241. 6626. 6846. 5831. 6925. 6906. 5996. 6968. 6144. 
450.0 6484. 5014. 6493. 5669. 6628. 6818. 6246. 8431. 6343. 6271. 8811. 6749. 6972. 7086. 7061. 7169. 7117. 7341. 
500.0 6466. 6892. 0461. 6669. 6493. 6594. 7329. 7663. 7439. 7362. 7760. 7909. 8169. 8504. 8272. 8400. 8331. 8696. 

~***...l..*..C*...*******...**.*****~*~.*****~.****~***...**...***~*****.*.~*~**.*.***.**.****~..*~..**.*.***~~**.******.*~~*..~.*~. 
E/A SI TE BA LA FR SH CD HO nl LU IA RR IR AU PB 81 ill U 

so 52 66 67 59 62 a4 67 69 71 73 75 77 79 a2 a3 so 92 ***.***..*~.**..*~*..~**.***...**.*.************.~.*.**...**..*.~..*.**.**.*.**.***...*.*.*****.**********.****.****.***..~***.~*.. 
5: 16..89 14.98 16.64 17.64 16.78 18.78 17.10 19.09 17.74 19.74 18.66 20.77 21.38 19.19 19.89 22.20 20.31 22.67 20.71 23.14 21.13 23.60 24.08 21.57 22.01 24.61 22.41 26.05 22.94 23.13 24.80 26.33 

26.61 25.79 27.68 
:.: 

28.14 

4:s 
20.66 18.74 21.39 19.48 20.72 22.62 21.01 22.91 21.6% 23.68 22.81 24.82 23.49 26.66 26.60 24.43 24.94 27.16 26.46 27.73 26.97 28.28 26.49 28.63 27.10 29.52 27.67 28.16 28.34 30.23 30.83 

30.02 30.64 30.81 32.82 33.46 22.37 23.28 24.62 24.78 26.47 26.81 27.60 28.76 29.33 29.96 30.66 31.13 31.90 
32.43 33.07 33.24 36.36 38.02 

6:O i-i 
24.1% 26.17 26.40 26.66 27.36 28.79 29.63 30.88 31.60 32.18 32.80 33.42 34.26 34.81 36.49 36.66 37.88 38.57 
26.99 27.81 27.06 28.96 28.29 30.19 30.42 28.63 31.12 29.23 30.76 32.76 31.67 33.70 33.00 36.13 33.66 36.82 34.38 38.69 37.29 35.04 37.96 36.69 38.93 36.59 37.18 37.89 38.04 40.39 41.10 

39.56 40.44 42.89 
t:: 

40.28 43.63 
31.48 29.64 30.88 32.80 32.10 34.03 32.32 34.23 33.02 34.93 34.74 38.76 36.76 37.81 39.41 37.28 37.98 40.16 38.80 41.02 39.63 41.79 40.24 42.63 41.27 43.62 41.92 42.68 42.83 46.39 46.17 

44.29 46.09 46.23 47.91 48.71 

1o:o t4 
36.23 3.3.72 37.94 38.12 38.82 40.81 41.98 43.76 44.66 45.61 48.36 47.14 48.36 49.08 49.94 50.07 62.98 63.84 
42.98 39.06 40.71 44.60 41.93 46.02 46.14 42.08 42.78 46.83 44.96 49.19 46.23 60.57 48.16 62.66 49.02 63.67 50.0% 64.70 50.97 66.68 61.82 63.16 63.94 64.86 64.98 68.11 69.04 

66.68 68.03 68.87 59.86 59.97 
11.0 47.00 

63.34 
48.99 60.20 60.29 60.97 

64.32 
63.51 66.00 57.26 58.21 69.43 SO.48 61.43 62.99 63.89 84.96 66.06 68.66 

12.0 51.11 63.27 64.48 64.64 67.93 
69.69 

66.20 59.53 61.93 62.96 84.26 66.37 88.37 88.06 69.01 70.13 70.22 74.07 75.17 

16.0 64.03 66.73 97.92 67.89 68.50 71.79 73.71 76.69 77.76 79.31 80.65 01.81 83.84 
20.0 87.67 

84.94 88.30 86.35 SO.94 
91.23 92.39 92.18 

92.23 
92.66 W.93 99.42 103.08 104.48 106.48 108.18 109.62 

26.0 
112.22 

118.29 
113.68 115.3% 116.35 121.27 

113.66 119.40 119.00 119.29 124.60 127.69 
122.89 

132.16 133.79 30.0 136.24 138.33 140.04 141.99 147.84 143.25 148.86 148.26 144.85 147.09 147.01 164.38 148.33 154.74 158.46 163.76 166.62 168.34 
168.66 171.06 173.04 

36.0 
176.87 

172.73 179.79 180.76 179.91 
178.71 181.47 181.32 190.22 

179.71 187.29 
192.55 

lSl.BS 197.82 199.92 203.34 206.27 208.66 213.03 216.10 218.43 218.19 228.74 231.45 

E8 
5o:o 

206.7 240.9 214.1 260.7 251.4 216.0 213.9 260.1 213.4 249.2 222.2 269.3 227.3 265.1 234.3 273.1 276.6 236.6 280.1 240.5 243.9 246.6 286.9 261.7 264.0 257.9 267.6 269.6 273.0 
284.0 292.7 296.2 299.4 313.6 278.3 269.6 290.1 286.4 299.8 317.0 287.2 296.7 305.3 314.1 316.9 

321.9 326.3 329.6 336.1 
66.0 317.7 

338.8 344.1 359.6 
330.4 330.9 328.9 

343.6 363.6 
327.3 340.2 347.6 367.4 360.4 366.0 370.9 374.4 381.7 

60.0 369.2 373.4 371.6 
384.7 390.7 390.0 408.1 

373.8 
412.6 

389.4 383.8 392.0 402.8 406.1 412.3 417.7 421.6 429.6 432.8 439.6 438.8 469.0 483.9 

65.0 402.6 416.5 418.8 416.1 413.6 429.4 438.6 450.3 453.9 480.6 486.6 470.8 479.7 
70.0 496.6 406.7 492.7 

483.0 490.7 489.8 512.1 
448.0 

517.5 
469.6 477.1 497.0 499.9 503.7 511.1 617.6 622.2 631.9 

100: 2.8 0 
644.4 566.7 5%6.4 5N.6 

635.5 643.9 642.9 667.5 
667.4 678.2 690.0 606.1 809.4 

573.4 
618.0 626.8 bJl.1 842.6 

073.3 788.2 672.6 787.1 
846.5 666.7 666.4 884.8 

948.0 768.7 d68.0 781.6 
691.8 

862.5 774.7 686.9 802.8 700.7 818.7 718.0 638.3 722.8 843.7 732.8 856.0 741.8 865.4 748.0 872.4 761.1 887.4 766.6 777.7 776.0 810.6 810.7 
SS2.1 906.4 904.4 944.4 963.7 

160.0 1409. :%? 1469. 144a. :z E? 1510. 1543. 1661. 1670. 1688. 1600. 1626. 
200.0 

1632. 1668. 1664. 1726. 
2204. 2281. ::% 

1742. 

3236: 316S: 3273: 
2364. 2401. 2412. 2440. 2467. 2484. 2622. 

260.0 
2531. 2671. 2664. 2663. 

3119. 
;Xi;. %:. 

2698. 

4267: 
3327. 3391. 3442. 3482. 3603. 3662. 

300.0 4286. 3668. 3624. 4136. 37s2. 
6453: 

4342. 4407. 4490. 4552. 4609. 
360.0 

4793. 2:. 
6239. 6429. 6419. 

:3::: %. 
6503. 6679. 6683. 6693: 6768. 6832. 

2%~ 
. 

ZE:: 
~% 6060. 6042: 6168: zz:: 

400.0 E:~ w62. 460.0 

6979: 

227. %t 

9364: 

t%. 

9317: 

E- 

91as: 

6737;. 6833. 696B. 8967. 7046. -W&. 7167. 7266. 7298. 7414. 7391. 7617. t?::. ma. 

9432: 

:::t: 8306. 
8407. 

5s66: 
8660. 8063. 

500.0 
8705. 8843. 8816. 8963. 9198. 

. 9718. . 9833. 9999. 10116. 10178. 10340. 10308. 10457. 10748. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

138 
~ECTROPIC 6TOPPItIG WWER 19 UMITS OF ItEV/(HG/Slj Cn) Bh IOU.3 

66 

E/h BE 
ec 12 

m hL SI CA II CR FE fi1 (xi GE SE SR ai no Fa 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 45 4;" 

..*..*.*.*~.~**.**.....*.*.**.~****~***.*..*~.*.*******....*..****.********..*****~*.**~***.~**.~********~*~.*~**********....***.*** 

3:: 
z 
4:s 

74.3 76.1 

%E 
76:3 

EX 
69:2 
66.9 
68.4 

66.2 

i!kB 
Et 

62.0 

Ed 
LZ:: 

48.7 
60.0 

E.7” 
5o:a 

45.7 
47.0 
47.7 
47.8 
47.7 

43.4 

3 
46:7 
46.6 

:.o 
e:o 
8.6 
7.0 

83.93 ai. 
79.60 77.46 
76.64 74.13 
'12.00 11.08 
G8.82 88.28 

60.92 61.18 

2: 
60.0 
66.0 
60.0 

33.10 
30.69 

::% 
26:18 

66.0 
70.0 

!X 
100.0 

23.84 26.27 
g."6tJ ;yg 

IP:OS 20:38 
17.76 19.01 

150.0 13.51 
200.0 11.18 
260.0 9.82 
300.0 8.89 
360.0 8.20 

400.0 
460.0 
600.0 

7.680 8.478 7.770 7.627 7.709 7.626 6.866 6.623 6.762 6.871 
7.271 8.033 7.364 7.133 7.308 7.230 6.511 8.287 6.434 6.621 
6.942 7.676 7.037 O.Bl6 6.986 6.912 6.226 6.017 6.164 6.238 

34.59 
32.09 
29.98 
28.18 
26.63 

14.68 13.32 
12.25 11.20 

'"9% 
9:04 

Et 
8:29 

72.1 
70.8 

ii.: 
66:s 

2:: 
ZE 82:o 

94.34 

E-;P 
67:72 
66.80 

69.89 
67.87 

E3 
62:47 

61.43 49.66 SD.81 48.02 
44.83 43.24 44.41 42.22 

xi 
33:oe 

El iw 
3l:SB 32:92 

2zi 
31:sz 

30.59 
28.61 

:x 
23189 

30.47 29.32 
28.42 27.39 
26.67 26.76 
26.16 24.32 
23.86 23.08 

22.71 

:;%i 
I8148 
17.27 

yg y3; 

19:30 is:91 
17.91 18.47 
18.74 17.27 

21.98 
21.00 

:F% 
1a:so 

13.33 
11.12 

9.79 
8.89 
8.22 

13.02 
10.96 

9.67 
8.78 
8.13 

67.7 
67.0 
66.1 

ii:: 

62.63 
60.94 
49.32 
47.79 
49.36 

26.19 
24.49 

::9: 
2O:e-r 

:i-ti 
17134 
16.12 
16.09 

11.71 

x 
7190 
7.32 

65.6 

2:: 
22 

64.2 
63.6 
62.9 
62.2 
61.6 

k?B 
52:3 
61.6 
60.9 

60.2 
49.8 
49.2 

2: 

49.93 49.61 49.64 
48.43 48.09 46.33 
46.99 46.71 44.04 
46.61 46.38 42.81 
44.30 44.12 41.63 

47.6 
47.1 

z-z 
46:6 

45.4 
45.1 

g:i 

44.26 
43.06 

th.E 
39:s2 

42.64 
41.42 
40.31 

SE:: 

41.41 40.79 40.71 38.44 38.65 36.39 

2% 3O:OO x 
2s:ea 

z*iz 
29:n 

xi 
20:17 

x: 
26:96 

%-Z 
2e:12 

27.64 27.37 27.47 26.00 24.91 24.16 

26.68 26.44 26.56 
24.03 23.82 23.94 
22.61 22.42 22.55 
21.38 21.21 21.34 
20.30 20.16 20.28 

23.20 
21.74 
20.49 
19.41 
18.46 

19.36 

:Ki 
16.88 
14.86 

19.22 
18.38 
16.96 
16.77 
14.77 

19.36 
18.61 

::22 
14:eo 

18.33 17.61 
17.64 16.86 
16.19 16.66 
16.07 14.49 
14.13 13.69 

11.64 11.49 

x: 
7:a1 

x*2 
7:so 

7.06 7.22 

11.61 11.02 
9.81 9.30 
8.68 8.23 
7.90 7.49 
7.32 6.84 

10.61 
9.16 
8.11 
7.37 
6.83 

10.31 
8.86 
7.84 
7.13 
6.61 

6.620 6.412 6.206 6.096 6.126 6.029 6.110 5.913 
6.189 6.084 6.890 5.768 6.817 6.726 6.802 6.617 
6.922 6.819 6.634 6.640 6.668 6.481 6.654 5.377 

ii.: 
41:s 

a:::, 
39.6 

:z 
39:1 
38.8 

41.61 41.30 40.16 38.11 37.97 
40.66 40.28 39.20 37.36 37.11 
39.60 39.26 38.24 38.66 36.24 
38.48 38.26 37.29 36.76 36.38 
37.60 37.29 38.38 34.97 34.64 

EE 
28:lS 
26.84 
23.92 

33.86 
30.36 
27.67 
26.32 
23.47 

32.74 32.21 

ii% 
24:81 

:zt 
24:25 

23.04 22.60 

22.30 
20.93 

:X:5: 
17.81 

22.28 21.91 21.64 21.04 
20.92 20.68 20.26 19.78 
19.74 19.44 19.16 18.70 
18.72 18.44 18.18 17.76 
17.82 17.66 17.32 16.91 

17.01 
16.29 
16.06 
14.03 
13.16 

17.01 16.77 16.66 

:E% 
14:04 

:P% 
I3187 

:z:: 
13:70 

13.18 13.02 12.87 

16.17 
15.50 
14.35 
13.40 
12.69 

10.29 

El 

::E 

1;.;; 

7172 

I;.;; 

7169 

1yJ; 

7170 
7.03 6.91 7.01 
6.62 8.41 6.60 

9.90 
8.37 
7.43 
6.78 
6.29 

. . . . . . . . . ..**......**.*.***.*......*.*..*.*..***~**~.*~..*.**.~......*...*...***~...*.**..*...~..*..***..~*..*.*.**..**~.*....*....* 
E/h S!J n BP Lh PR SN GD Iin In LO Th BE IR PU PB BI M 

50 62 66 67 59 62 64 67 69 71 73 76 77 79 a2 83 90 92' 
*.*...I*.*.....*..~,**.*.*~**....****.***.**..**....**..*.*..*.**....*...*.*****~***.**.*~*****.~.*****.**....~****.*~**.**.*~.*...* 

2.6 34.71 33.09 33.14 33.37 33.06 31.16 30.19 28.60 27.89 27.15 26.63 26.19 25.24 24.91 24.64 24.70 23.67 23.40 

S:E 36.14 36.97 34.49 36.31 34.62 36.34 34.76 36.58 34.60 36.37 32.61 33.49 31.63 32.62 29.97 30.89 29.37 30.32 29.69 28.63 28.10 29.06 27.66 28.62 26.71 27.69 26.37 27.33 26.07 27.01 27.08 26.13 26.02 26.91 24.73 26.61 

::: 37.42 37.60 35.75 35.94 36.78 36.97 36.02 36.21 36.85 36.08 34.01 34.27 33.04 33.32 31.47 31.79 30.92 31.26 30.66 30.20 30.03 29.67 29.24 29.61 28.33 28.72 27.96 28.36 27.63 28.02 27.69 28.08 26.49 26.86 26.18 26.53 

it: 37.47 37.60 36.96 35.85 36.98 36.87 36.23 38.12 36.13 36.06 34.36 34.31 33.42 33.39 31.94 31.97 31.44 31.48 30.76 30.81 30.23 30.30 

::: 37.26 36.98 36.66 36.41 36.68 36.43 36.93 36.67 35.88 36.84 34.18 33.99 33.10 33.28 31.90 31.76 31.32 31.43 30.78 30.68 30.28 30.19 
7.0 36.66 36.11 36.13 36.37 36.38 33.76 32.88 31.68 31.16 30.62 30.04 

8.0 36.93 34.43 34.46 34.69 34.72 33.17 32.34 31.12 30.72 30.12 29.66 
9.0 36.16 33.70 33.72 33.96 34.01 32.63 31.73 30.67 30.20 29.63 29.19 

10.0 34.35 32.94 32.97 33.20 33.27 31.86 31.06 29.99 29.64 29.10 28.67 

:::; 33.66 32.79 32.20 31.46 32.22 31.49 32.46 31.71 32.54 31.82 31.17 30.60 30.43 29.79 29.39 28.80 29.07 28.49 28.64 27.99 28.13 27.69 

16.0 30.02 29.40 29.44 29.64 29.78 28.60 27.96 27.08 26.82 26.37 26.01 

2: 
27.57 26.49 26.64 28.73 26.89 26.87 26.31 24.58 24.38 23.99 23.68 
26.12 24.16 24.20 24.38 24.66 23.66 23.16 22.63 22.36 22.02 21.75 

2: 
23.13 22.26 22.30 22.46 22.64 21.82 21.38 20.83 20.69 20.39 20.14 
21.48 20.67 20.72 20.87 21.06 20.31 19.90 19.41 19.28 19.02 18.78 

20.09 19.33 19.38 19.63 19.71 19.02 18.66 18.20 18.09 17.86 17.83 
16.69 18.19 18.24 18.38 18.66 17.92 17.67 17.16 17.06 
17.86 17.20 17.26 17.38 17.58 16.96 16.64 16.26 16.17 

;;.; iE.7; 

16.96 16.33 16.38 16.61 18.68 16.12 16.81 16.47 16.38 16:lP IS:01 
60.0 16.17 16.67 16.62 16.74 16.91 16.37 16.09 14.76 14.88 14.60 14.34 

66.0 15.46 14.89 14.94 16.06 16.21 14.71 14.44 14.13 14.06 13.89 13.73 
70.0 14.82 14.28 14.33 14.44 14.60 14.11 13.86 13.67 13.50 13.34 13.19 

1oo:o z% 

13.73 13.22 13.27 13.36 13.63 13.09 12.86 12.69 12.63 12.39 12.26 

12.82 12.06 12.36 11.61 12.40 11.66 11.49 11.76 12.66 II.89 12.23 11.61 12.02 11.31 11.78 11.09 11.73 11.04 
11.69 
10.92 11.46 10.80 

160.0 9.474 9.132 9.168 9.242 9.369 9.072 8,922 8.766 8.733 8.642 8.650 

i!i::: 8.014 7.117 7.738 6.873 7.737 6.79f 7.800 6.863 7.913 6.967 7.686 6.759 7.643 6.691 7.421 6.674 7.396 0.677 7.323 6.603 7.246 6.407 
300.0 6.486 6.266 6.197 6.219 6.311 6.167 6.106 6.000 6.004 6.938 6.861 
360.0 6.022 6.816 6.765 6.774 6.861 6.728 6.671 6.576 6.680 6.618 6.439 

ZE 5.664 6.3Bl 5.471 6.198 6.416 6.146 5.433 6.163 5.615 6.241 6.391 6.124 6.337 6.072 6.248 4.989 4.894 5.253 6.196 4.940 4.871 6.122 

600.0 6.162 4.977 4.929 4.946 6.020 4.909 4.869 4.780 4.785 4.734 4.668 

29.82 28.96 28.69 28.24 28.30 27.05 
29.90 29.06 28.69 28.34 28.40 27.14 
29.89 29.06 28.71 28.35 28.41 27.16 
29.80 29.00 28.66 28.29 28.35 27.09 
29.67 28.89 28.66 28.18 28.24 26.98 

26.74 
26.82 
26.83 

:fZ; 

29.30 28.66 28.23 27.87 27.92 26.68 28.37 
28.86 28.14 27.83 27.46 27.52 26.29 26.99 
28.36 27.67 27.37 27.01 27.08 26.85 26.66 
27.82 27.18 26.89 28.53 26.58 26.40 26.12 
27.30 26.88 26.41 26.04 26.10 24.94 24.66 

25.75 26.20 24.96 24.61 24.66 23.67 
23.46 22.99 22.80 22.47 22.62 21.63 
21.66 21.16 20.99 20.68 20.72 19.82 
19.97 19.00 19.47 19.18 19.22 18.40 
18.83 18.30 18.19 17.91 17.96 17.19 

23.31 
21.31 

:EI: 
17:02 

17.49 17.19 17.10 16.83 16.87 16.16 16.00 
16.61 16.23 16.16 16.90 15.94 16.27 16.12 
15.66 15.40 16.32 16.08 16.12 14.49 14.35 
14.90 14.66 14.59 14.36 14.40 13.80 13.67 
14.23 14.01 13.96 13.72 13.78 13.19 13.07 

13.83 13.42 13.37 13.16 13.19 12.64 
13.10 12.89 12.84 12.64 12.67 12.16 
12.16 11.98 11.94 11.76 ii.78 11.30 
11.39 11.22 11.18 11.00 11.03 
10.73 10.57 10.64 10.37 10.40 

lL;t 

8.497 8.380 8.367 8.226 8.260 7.918 7.862 
7.203 7.109 7.087 6.979 7.000 6.907 6.6a3 
6.398 6.326 6.277 6.178 6.199 8.166 6.969 
5.841 6.778 6.736 6.646 6.665 6.623 6.448 
6.429 5.372 6.334 6.261 6.268 6.229 6.069 

6.112 6.060 6.026 4.947 4.963 4.924 4.776 
4.862 4.813 4.780 4.706 4.721 4.683 4.645 
4.669 4.613 4.662 4.612 4.626 4.488 4.368 

12.63 
12.04 

El.:: 
9:89 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAYGE IY UNITS OF HC/SQ Q! BA IOSS 
66 

E/A BE 
6” 12 

n2 AL 51 CA n CR FE II W GE SE SR ZR Ho RB 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4P 

.~..~~*~.~.~~~~,~*~.*~~~~.*.~*..~~~~~~~*~*.~~~*~~~~.~.~*~.~~~~~~.~.*~~***~...~~~*~*~~~~*...~.~...*.*~~~~~.~~.~.*~~~~~~*.~~~~~~~~.*.. 
2.6 6.860 6.800 7.909 7.890 7.760 9.232 9.990 10.619 10.910 11.320 11.670 12.370 12.790 13.346 13.660 13.784 14.200 14.670 
3.0 a.442 6.288 8.792 8.816 8.666 10.249 11.168 11.764 12.186 12.628 12.886 13.866 14.366 14.961 16.196 16.482 16.086 16.391 
3.6 7.061 a.979 9.678 9.744 9.680 11.260 12.336 12.976 13.442 13.913 14.336 16.312 16.884 16.637 16.790 17.136 if.903 18.160 
4.0 7.~79 7.678 10.673 10.680 10.602 12.276 13.604 14.194 14.694 16.190 16.696 16.767 17.399 18.096 18.366 18.767 lS.(Kll 19.902 
4.6 a.329 8.391 11.482 11.630 11.437 13.298 14.679 16.419 16.961 16.469 17.057 18.200 18.909 19.660 19.936 20.3SD 21.441 21.632 

5.0 9.001 9.119 12.407 12.696 12.386 14.333 16.867 16.664 17.218 17.766 18.426 19.649 20.426 21,207 21.608 22.014 23.190 23.360 
5.5 9.696 9.864 13.349 13.680 13.363 16.384 17.070 17.903 18.497 19.063 19.606 21.109 21.949 22.772 23.087 23.644 24.938 26.093 
6.0 10.414 10.627 14.310 14.583 14.337 16.451 18.290 19.169 19.792 20.365 21.199 22.583 23.487 24.349 24.678 26.286 26.691 26.836 
6.6 11.155 11.409 16.291 16.606 15.339 17.636 19.529 20.463 21.106 21.693 22.610 24.073 26.041 26.941 28.284 16.940 28.452 28.691 
7.0 11.919 12.210 16.291 16.648 16.362 18.639 F.788 21.766 22.436 23.038 24.039 26.681 2e.613 27.561 27.907 28.611 30.226 30.362 

8.0 13.62 13.87 18.35 18.80 18.47 20.90 23.37 24.42 26.16 26.79 26.96 28.66 29.81 30.83 31.21 32.01 33.81 33.96 
9.0 16.21 15.61 20.60 21.03 20.66 23.26 26.03 27.iB 27.96 28.61 29.96 31.82 33.10 34.19 34.69 36.49 37.47 37.63 

10.0 16.99 17.43 22.73 23.36 22.92 26.67 28.79 30.02 30.86 31.63 33.06 35.07 36.48 37.63 36.06 38.06 41.21 41.40 
11.0 18.86 19.34 26.04 26.76 26.27 28.16 31.63 32.96 33.84 34.62 36.23 38.41 39.96 41.17 41.62 42.71 46.02 46.25 
12.0 20.82 21.32 27.44 28.24 27.70 30.77 34.66 35.96 34.91 37.61 39.60 41.66 43.51 44.81 46.28 46.46 48.92 49.20 

16.0 27.23 27.73 36.12 36.22 36.49 39.03 43.90 46.56 46.66 47.39 49.66 62.72 54.78 66.27 66.80 68.26 61.16 61.62 
20.0 39.60 39.96 49.63 61.17 50.06 64.39 61.21 e3.32 e4.87 66.41 68.94 72.72 76.47 TT.20 TT.69 79.82 85.38 84.24 
26.0 53.99 64.03 66.88 6B8.11 ee.63 71.68 80.67 83.24 84.83 86.56 90.24 96.01 48.61 100.62 101.30 103.71 107.88 109.25 
30.0 70.32 69.86 84.07 ES.95 64.66 SO.84 102.17 106.22 107.06 107.73 113.69 119.52 123.81 126.22 126.96 129.88 134.60 136.68 
36.0 88.49 87.37 104.06 107.63 104.94 111.79 126.66 129.21 131.30 131.88 139.21 146.17 161.31 164.00 164.77 168.19 163.48 166.14 

40.0 108.6 lOa. 126.8 130.1 126.7 134.5 161.1 156.1 167.6 157.9 186.7 174.9 180.9 183.9 184.7 188.6 194.6 197.9 
46.0 130.2 127.3 149.1 164.3 150.2 168.8 178.3 182.9 166.6 185.9 196.2 205.6 212.6 216.9 216.7 221.2 227.6 231.7 
60.0 163.6 149.6 174.2 180.1 176.3 184.8 207.4 212.6 216.4 215.6 227.6 238.3 246.3 249.8 260.7 266.7 282.6 287.6 
66.0 178.6 173.3 200.7 207.6 201.9 212.4 238.2 244.0 247.0 247.0 260.8 273.0 282.0 285.7 266.6 292.1 299.6 306.6 
60.0 206.2 198.5 228.9 236.6 230.1 241.6 270.8 277.1 280.4 280.2 296.8 309.4 319.6 323.6 324.4 330.6 338.6 346.4 

66.0 233.4 226.1 268.6 267.2 269.8 272.2 306.0 311.9 316.6 316.1 332.6 347.7 369.0 383.2 384.0 370.7 379.3 387.1 
70.0 263.1 263.1 289.8 299.3 290.9 504.3 340.8 348.4 362.2 361.5 371.1 387.8 400.3 404.7 406.6 412.7 421.9 430.7 
80.0 326.9 313.1 366.1 307.9 367.6 372.9 417.3 426.2 430.6 429.2 463.0 473.1 468.1 492.9 493.6 502.1 612.4 623.3 
90.0 396.4 378.3 428.1 442.2 429.6 447.1 499.9 610.2 616.0 613.1 641.6 665.1 682.8 688.0 588.6 698.3 609.8 622.9 

100.0 471.4 448.4 606.4 622.0 506.8 626.6 568.6 400.1 605.6 802.8 634.1 Bb3.5 684.1 669.6 690.1 701.1 713.8 729.2 

160.0 922.6 868.0 S66.6 996.6 986.8 998.6 1113.4 1133.0 1140.9 1133.2 1196.1 1244.6 1282.0 1288.8 1288.2 1308.0 1326.1 1353.6 
200.0 1487.6 1307.9 1634.6 1583.4 1536.6 1680.7 1760.7 1790.2 1799.2 1784.2 1881.6 1942.6 X04.0 2023.9 2Q21.6 2047.1 2063.7 2114.4 
260.0 2148.3 1991.7 2192.7 2262.6 2200.9 2263.6 2608.9 2666.4 2668.2 2534.3 2672.7 2746.0 2834.9 2872.0 2666.1 2906.7 2910.6 2993.8 
300.0 2888.8 2663.3 2927.8 3021.6 2942.3 3004.0 3342.9 3419.9 3403.7 3349.4 3663.2 3640.6 3769.8 3a16.0 3806.1 3840.5 3862.3 3968.1 
360.0 3596.1 3398.1 3729.8 3849.4 3761.1 3822.1 4261.9 4363.7 4324.6 4270.6 4611.7 4814.7 4766.4 4840.8 4826.3 4898.4 4876.2 6026.8 

400.0 4669. 4187. 4691. 4738. 4619. 4700. 6227. 5376. 5312. 6263. 5639. 6669. 6846. 6939. 6920. ecos. 6972. 4160. 
460.0 6493. 6024. 5604. seal. 5639. 6260. a446. 
600.0 6466. 6905. 8463. ea71. 4606. 

5656;. 
. 7344. 7668. 

f33;. ;;M: ;S;. ;W;. 6987. 7102. 
. . 8186. 0321. 

;;7& 7186. 7133. 7368. 
. 8417. 8349. 8614. 

..**.**.1***1*..*~.*.**~*~*..~*.***.****.*.*.***.***.*****.*.~~**~**********.******.*.*.********.**********.**.*.**~.***.*~*.*..**.. 
E/P ss 16 BA LA FR SU CD 00 m  LU IA RE IR AU Pg BI m  

60 62 66 67 69 62 64 67 69 71 73 75 77 79 a2 83 90 92D 
..*...****..**.+l**.*.*.~..**.*.*~.**...****.****.*.**....***..***.*.*~~~*~...***.****.***~*****.~**.*~,.*********..*..*~.*....*..*~ 

16.30 16.87 17.14 17.46 18.11 19.03 19.68 20.29 20.72 21.13 21.64 22.01 22.46 22.87 23.41 23.61 26.30 26.84 
17.24 17.91 19.17 19.48 20.16 21.19 21.81 22.46 23.13 23.60 24.08 24.67 25.11 26.64 26.13 24.32 28.13 28.70 
19.13 19.89 21.16 21.44 22.12 23.27 23.96 24.92 26.44 26.97 28.49 27.02 27.44 28.12 la.72 28.91 30.84 31.44 
20.98 21.83 23.09 23.37 24.04 26.32 X.04 27.13 27.49 28.28 28.84 29.40 30.11 30.42 31.26 31.42 33.47 34.10 
22.82 23.76 26.01 26.28 26.97 27.34 28.14 29.31 29.91 30.66 31.16 31.75 32.62 33.07 33.73 33.90 36.06 38.72 

2.6 
3.0 
3.6 
4.0 
4.6 

6.0 24.66 26.67 26.93 27.18 27.88 29.35 30.21 31.47 32.11 32.80 33.44 34.07 34.92 36.49 38.18 38.34 36.61 39.31 
6.6 26.60 27.69 28.86 29.09 29.80 31.34 32.27 33.43 34.30 36.04 36.72 30.38 37.29 37.SO 38.62 38.78 41.16 41.89 
6.0 26.34 29.62 50.77 31.01 31.71 33.37 34.34 35.79 3a.49 37.28 37.99 36.68 39.67 40.30 41.06 41.21 43.70 44.48 
6.6 30.20 31.46 32.71 32.93 33.64 36.39 M.42 37.98 38.69 39.53 40.28 41.00 42.04 42.71 43.49 43.64 46.26 47.03 
7.0 32.07 33.42 34.87 34.88 36.69 37.43 38.61 40.14 40.90 41.78 42.57 43.32 44.43 46.12 46.93 48.07 48.80 49.61 

2: 
10.0 
11.0 
12.0 

36.88 37.39 38.64 34.81 39.62 41.66 42.74 44.54 45.36 46.33 47.19 47.99 49.23 49.98 50.86 60.99 63.94 64.81 
39.76 41.44 42.68 42.83 43.64 46.76 47.06 49.01 49.89 60.96 61.88 62.74 64.10 54.90 66.84 66.96 69.15 60.08 
43.73 46.68 44.82 46.94 47.64 SO.04 61.44 63.57 64.60 66.66 64.46 67.56 69.04 69.90 60.91 41.02 64.44 85.44 
47.79 49.62 61.06 61.16 61.84 64.42 65.93 68.22 69.20 So.44 61.61 42.48 64.07 64.99 66.06 68.16 69.83 70.88 
61.96 64.14 66.39 66.46 W.12 58.90 60.61 62.96 44.00 46.32 88.46 67.49 69.20 70.14 71.31 71.40 76.31 74.43 

16.0 46.03 67.77 68.99 46.94 69.68 72.92 74.87 77.79 78.98 80.64 81.92 83.11 86.16 88.29 87.67 87.73 92.39 93.70 
20.0 88.81 92.53 93.71 93.61 93.99 98.32 100.86 104.66 106.99 108.02 109.76 111.21 113.a6 116.24 117.04 117.03 123.06 124.68 
26.0 116.06 119.84 120.98 120.67 120.88 124.26 129.38 133.91 136.68 138.07 140.19 141.93 146.18 144.81 149.09 149.01 164.47 168.46 
30.0 143.72 149.64 160.71 160.09 150.17 166.64 140.43 146.79 167.69 17O.(uI 173.19 176.22 179.10 lE10.94 183.77 lB3.41 192.64 195.00 
36.0 174.70 181.86 182.84 181.99 161.80 189.47 193.91 100.13 202.26 206.73 208.70 211.02 215.66 217.66 221.02 220.78 231.46 234.21 

40.0 207.9 216.4 217.3 214.2 215.7 224.4 229.7 236.9 239.2 243.2 244.4 249.3 254.6 266.8 260.8 280.6 272.9 276.0 
46.0 243.4 263.2 264.0 262.6 261.8 zB2.0 207.9 276.9 278.6 283.0 286.9 289.9 296.8 298.3 303.0 362.6 316.8 320.4 
60.0 281..0 292.2 232.9 291.3 290.0 301.6 308.3 317.2 320.1 326.1 329.6 332.8 339.6 342.2 347.6 347.0 383.3 367.3 
66.0 320.6 333.4 334.0 332.0 330.4 343.4 360.8 340.8 363.9 369.6 374.4 378.0 385.4 388.4 394.6 393.8 412.1 416.6 
40.0 382.3 376.7 377.1 374.8 372.7 387.2 396.6 408.4 409.6 416.0 421.6 426.4 433.4 434.8 443.8 442.8 Q83.2 468.2 

2: 
Bo:o 
90.0 

100.0 

160.0 
200.0 
260.0 
300.0 
360.0 

404.0 422.1 422.3 419.7 417.1 433.1 442.3 464.2 467.8 404.6 470.7 476.0 483.9 487.3 496.0 494.1 616.7 522.1 
461.6 Qo9.4 449.6 466.6 4e3.4 481.0 491.1 604.1 607.9 616.3 621.9 624.4 536.4 540.0 648.6 647.6 672.4 578.3 
548.4 569.9 649.7 666.9 561.7 582.7 594.6 609.7 614.1 622.8 S30.4 436.1 647.6 451.6 461.9 660.6 490.3 497.3 
462.4 478.0 677.4 672.7 687.2 491.8 706.7 723.1 728.0 738.1 747.2 753.4 764.7 Tll.1 783.4 781.7 814.6 624.7 
763.7 793.3 792.3 784.7 779.8 808.2 824.2 843.9 849.4 660.8 671.3 878.3 893.5 898.3 912.6 910.4 960.9 980.3 

1416. 1470. 1487. 
:3:::. 

1440. 1490. 1618. 1661. 1669. 
::::: :tKt 

1406. 
;a;. 

1441. 1447. lae3. 1736. 1761. 
2213. 2297. 2290. 

3220: 
2246. 2322. 2364. 2411. 2422. 

3496: 
2496. 

3666 : 
2642. 2582. 2676. 2864. 2709. 

3130. 3246. 3246. 3179. 3286. 
$3.3;. 2:;. 

3454. 3681. 3e36. 3828. 3726. 3BO6. 
4147. 4300. 4311. 4281. 4224. 
6263. 6444. 6448. 5434. 63M. 

z$. 
. 5596 : 6499: 

3434;. 
s7o9: 

4647. 4(124. zf. 
6774. 5649. 5874: 

:;I;. 4733. 4809. 4794. 5020. 
. 5983. eo78. 059. 

;w;. 
. 4334. 

400.0 

;t:::: 
y;. 
8998 : 

y39. 6705. 
9321: %: 

R 
9337 : 

6676. 7aeo. 6162. 8074. z%’ ss76. 6325. 6986. 
9669: t%. . 

7oa4. 8427. 7166. a540. 8670. 7186. 7274. 8674. 7317. 8726. 7433. 8864. 7410. 8837. 7537. 8975. 7738. 9220. 
920e. 9462. 9739. 9866. 9988. 10021. 10139. 10201. 10343. 10331. 10481. 10772. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELFCTROIIC STOPPIIG POGER II WITS OF HW/(HG/SQ c;n) 
139 

LA Ions 
67 

WA 86 
SC 12 

m AL SI CA IT CR FE 81 QI GE SR SR 2.R X0 it8 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4fG 

..I........~*.*.***..~~...*..**..*.~.*.**~..*.***.*.~***.**...****..*******...~*.**..***.*.**~*.*****....~**..*.....*.**.......****. 

120.6 101.6 64.6 iti:: 49.6 2: 44.1 ti:: 42.2 40.6 
2: 42.1 

ii+: 5:: 

se:2 2? 61.6 61.0 

64:s 
61.6 EX 

46.6 46.3 44.4 43.6 39:2 

66.9 51.6 49:7 Z:X 
Ei: 
4s:3 2:: 

Et 
4314 

39 8 
4012 

$2 
46.7 

6.0 66.4 46.2 40.7 
6.6 44.9 

z:: iti 
. 40.6 

44.6 40.3 

22 2: . iii:: 

6.0 86.26 63.19 67.20 64.62 06.90 61.31 53.88 62.13 61.10 SO.67 47.73 46.29 43.63 42.66 42.26 41.08 38.96 36.83 
61.73 79.49 64.66 62.13 63.61 69.27 62.17 60.64 49.69 49.24 46.41 44.07 42.40 41.61 41.23 40.12 38.23 37.98 
77.70 76.10 62.31 69.90 61.28 57.34 SO.63 49.01 48.13 47.84 46.11 42.86 41.29 40.46 40.20 39.15 37.43 37.10 
74.08 73.00 60.12 67.82 59.19 66.52 46.99 47.66 46.74 46.51 43.86 41.72 40.20 39.43 39.19 38.20 36.63 38.24 
70.62 70.16 68.09 66.90 67.25 S3.al 47.63 46.18 46.42 46.23 42.67 40.61 39.16 38.43 38.22 37.28 36.84 36.39 

16.0 62.74 62.92 62.82 60.88 62.18 49.29 43.66 42.60 41.86 41.77 39.44 37.60 36.30 36.70 36.64 34.72 33.68 33.04 
63.06 63.98 46.09 44.46 46.66 43.39 38.64 37.61 37.12 37.12 36.08 33.60 32.40 31.94 31.83 31.16 30.33 29.74 
46.30 47.62 41.08 38.66 40.77 38.81 34.63 33.86 33.46 33.61 31.69 30.30 29.34 28.38 28.90 28.34 27.69 27.09 
41.24 42.64 37.19 35.93 36.97 35.40 31.66 30.88 30.66 30.63 28.98 27.74 26.88 26.69 26.64 26.06 26.62 
37.32 38.79 34.09 32.96 33.92 32.66 29.06 28.46 28.18 28.29 26.77 26.64 24.86 24.62 24.69 24.16 13.71 :;.$ . 

%:8 34.18 31.60 36.68 33.11 31.54 29.40 30.4s 28.44 31.41 29.30 30.21 28.24 26.99 26.24 26.46 24.76 26.21 24.66 26.33 24.67 24.93 23.36 23.83 22.41 23.17 21.74 22.97 21.67 22.96 21.66 22.67 21.21 22.18 20.87 21.66 20.38 

6D:o C.8 

29.44 30.96 27.69 26.69 27.61 26.66 23.76 23.31 23.12 23.26 22.02 21.13 20.60 20.36 20.36 20.04 19.74 19.27 

27.60 26.02 29.10 27.60 26.02 24.66 26.19 23.87 26.96 24.61 26.09 23.61 22.46 21.32 
22.06 21.88 22.01 20.86 20.01 19.43 19.30 19.30 19.01 10.74 18.30 
20.96 20.79 20.93 19.83 19.04 18.48 18.37 18.38 18.11 17.86 17.44 

%:8 23.43 24.64 26.10 24.86 23.46 22.39 22.71 21.69 23.42 22.36 22.68 21.67 20.32 19.43 19.97 19.10 16.97 19.83 19.10 IS.98 16.11 18.92 17.39 18.17 17.64 16.89 17.64 16.81 17.66 16.82 17.30 16.68 17.07 16.37 16.68 16.99 

100: XG 0 

21.39 22.77 20.68 19.94 20.66 19.96 17.90 17.61 17.60 17.63 16.72 16.06 16.60 16.64 16.65 16.36 16.16 14.82 

19.74 18.37 21.07 19.66 19.09 17.86 la.50 17.30 17.86 19.09 17.36 18.66 IS.69 16.66 
16.38 16.28 16.42 16.67 14.97 14.64 14.49 14.60 14.32 14.14 13.84 
16.36 16.26 16.40 14.60 14.04 13.64 13.60 13.62 13.46 13.29 13.01 

:z-: i3.9a 16.08 13.78 13.37 13.79 13.46 12.11 11.94 11.89 12.01 II& '"9.~33 
a:39 

'"93; 
8:12 

1;::; '"9.:; 
26o:o 8.62 7.96 7:99 

1Og.E; 
7186 

10.42 8.98 10.24 a.66 
7.97 7.69 

300.0 7.76 7.63 7.38 7.24 7.27 7.16 7.26 7.01 
350.0 7.19 7.07 6.84 6.72 6.76 6.64 6.73 6.61 

2% 
6OO:O 

7.954 7.530 6.779 8.319 6.047 7.627 7.796 7.367 7.984 7.669 7.896 7.488 7.110 6.744 6.868 6.611 6.664 7.023 7.116 6.763 6.762 6.410 6.640 6.300 6.427 6.100 6.313 6.996 6.343 6.024 6.243 6.930 6.327 6.009 6.123 6.817 
7.190 7.949 7.289 7.069 7.236 7.169 6.448 6.232 6.374 6.461 6.133 6.026 6.636 6.738 6.766 6.677 6.762 6.669 

*...~...1.*.~..*.**1....**.....~.......~*.....*.~.*..*...~.*.**......*.**...~.*...*....**..*..*....*.*.~..~*......~...**.~..**~..*** 

“’ w = I” u bSm t,2m WGD 67” 6Sm 71L” 73” 76= 771R 7SAu 8Zp8 83” 80m 92” 50 62 66 67 
. . . . . . . ..*.*.......*.......**.*~.*....*****.*..*..****...*.*.*..*..****...*....*.*......***..*..*.~*.**..**~....**~.*......**~~****. 

2: 36.32 36;61 36.12 33.67 33.72 36.16 33.95 36.40 33.64 36.14 31.71 33.20 30.72 32.21 29.00 30.61 26.37 29.90 27.63 29.16 27.09 28.61 26.64 28.16 26.68 27.20 26.36 26.85 26.07 26.64 26.13 26.61 24.09 26.48 23.81 25.18 
t*: 

4:6 

37.B8 38.16 36.46 36.98 36.01 36.48 36.26 38.73 36.04 36.56 34.13 34.67 33.13 33.69 32.08 31.48 30.89 31.62 30.16 30.79 x).24 29.61 29.16 29.81 28.21 28.86 27.86 28.60 27.62 28.17 27.69 28.23 26.40 27.00 26.09 

38.36 38.67 36.69 30.94 36.80 34.96 33.38 32.43 31.89 31.17 30.64 3G.21 29.30 28.92 28.68 28.64 27.38 ;;.;; . 

::i 38.37 38.26 36.70 36.61 36.63 36.72 36.97 36.68 36.80 36.87 36.03 36.00 34.10 34.09 32.63 32.60 32.08 32.14 31.37 31.46 30.86 30.93 30.62 30.43 29.54 29.66 29.29 29.17 28.93 28.81 28.88 28.99 27.70 27.60 27.38 27.28 

:+I 
7:o 

38.06 37.79 38.43 36.18 36.46 3.20 36.69 36.46 36.64 36.42 X.91 34.73 Xl.99 33.82 32.68 32.46 32.10 32.00 31.43 31.34 30.92 30.84 30.62 30.46 29.68 29.63 29.32 29.27 28.96 28.90 29.01 26.96 27.12 27.67 27.40 27.36 
37.47 36.89 36.91 36.16 36.14 34.49 33.60 32.27 31.84 31.19 30.70 30.32 29.63 29.17 28.80 28.86 27.67 27.26 

1o:o :-is 

36.76 36.21 36.24 36.48 36.60 33.92 33.07 31.82 31.41 30.80 30.32 29.96 29.21 28.87 28.49 

36.97 36.17 34.48 33.73 33.75 34.61 33.99 34.74 34.06 34.80 33.28 32.61 32.46 31.82 30.70 31.28 
JO.90 50.31 29.86 29.61 28.79 28.47 28.09 

;X.;; ;;.;; $:;"9 

30.34 29.78 29.34 29.01 28.32 28.02 27.64 27:70 26:46 26.16 
11.0 34.37 32.97 33.00 33.23 33.32 31.92 31.16 30.10 29.77 29.23 28.80 28.49 27.03 27.64 27.16 27.22 
12.0 33.SS 32.23 32.26 32.49 32.60 31.26 30.61 29.50 29.19 28.67 28.26 27.96 27.33 27.06 26.67 26.73 

g.;J 
. 

;;.;; 
. 

16.0 31.40 30.16 30.19 30.40 30.64 29.32 18.68 27.77 27.60 27.04 26.67 26.40 26.84 26.69 26.23 26.28 24.16 23.90 
E:X 28.31 26.82 27.20 24.83 27.26 24.87 27.44 26.06 27.61 26.24 26.66 24.30 26.96 23.79 23.16 26.24 26.03 22.98 24.63 22.63 24.31 22.34 24.08 22.16 23.60 21.73 23.41 21.67 23.06 21.24 23.11 21.29 22.10 10.37 21.87 

E:8 23.79 22.10 22.88 21.27 22.93 21.32 23.10 21.48 23.29 21.67 22.44 20.90 21.99 20.48 21.42 19.97 21.27 19.84 20.97 19.67 20.71 19.33 20.63 19.17 20.16 18.83 20.03 18.72 19.72 18.43 19.76 18.47 18.92 17.69 2.;: 17:Sl 

28 20.68 lg.,47 19.91 18.74 19.96 18.79 20.11 18.93 20.29 lg.12 19.68 18.46 19.20 18.10 la.74 17.66 18.62 17.67 18.37 17.34 18.16 17.14 18.01 17.01 17.70 16.72 17.80 16.63 17.33 16.37 17.37 16.41 16.63 lb.72 16.47 16.67 

6010 28 

18.41 17.73 17.78 17.91 18.09 17.47 17.14 16.76 16.66 16.44 16.26 16.13 16.86 15.79 16.64 16.68 

17.49 16.67 16.06 16.64 16.69 16.11 17.02 16.23 17.20 16.41 16.61 16.85 16.30 16.66 
lS.S4 lb.86 16.66 16.47 lb.36 16.11 16.04 14.80 14.84 

;:.;; 

16.22 16.14 14.96 14.78 14.67 14.44 14.38 14.16 14.19 13:60 

;;.;; 

13147 

%:8 16.94 16.29 IS.36 14.73 16.41 14.78 IS.63 14,SO 16.70 16.06 15.17 14.66 14.69 14.30 14.68 14.00 14.60 13.93 14.32 13.76 13.61 14.16 13.61 14.06 13.84 13.30 13.79 13.25 13.67 13.04 13.60 13.07 13.04 12.53 12.92 12.42 

1Go:o Ez 

14.17 13.66 13.70 13.81 13.97 13.61 13.27 13.00 12.94 12.78 12.64 12.66 12.36 12.32 12.12 12.16 11.66 11.66 

13.24 12.46 12.76 il.99 12.60 12.04 12.90 12.13 13.06 12.28 12.63 11.80 12.41 11.68 12.16 11.46 
12.11 11.97 11.84 11.76 11.68 11.64 11.36 11.39 10.93 10.83 
11.40 11.28 11.16 11.08 10.92 10.88 10.71 10.74 10.30 10.21 

160.0 9.796 S.442 9.460 S.SS6 9.687 9.380 9.226 9.063 9.029 8.936 6.840 8.786 8.664 6.640 8.606 8.629 8.186 
200.0 8.291 8.006 8.004 8.069 8.166 7.931 7.804 7.677 7.661 7.676 7.497 7.461 7.364 7.332 7.220 7.242 7.146 

h3;; 

260.0 7.366 7.114 7.036 7.092 7.200 6.996 6.926 6.803 6.807 6.730 6.630 6.619 6.646 6.497 6.393 6.416 6.370 320.0 6.716 6.467 0.416 6.437 6.633 0.384 6.320 6.211 6.216 6.147 6.057 6.046 5.981 6.938 6.844 6.664 6.821 ‘3:3::, 

360.0 6.236 6.022 5.968 6.979 6.066 6.931 6.871 S.772 6.777 6.714 6.631 6.621 6.662 6.523 6.436 6.464 6.413 8.246 

%Px 
6Do:o 

6.866 6.672 6.383 6.666 6.667 6.329 6.347 6.626 6.428 6.711 6.306 6.682 6.263 6.626 6.434 6.167 6.439 6.172 6.380 6.116 6.304 6.044 6.294 6.036 4.984 6.239 4.960 6.203 4.874 6.122 4.889 6.139 4.860 6.099 4.946 4.707 
6.336 6.166 S.106 6.122 6.200 6.064 5.032 4.951 4.966 4.903 4.836 4.626 4.778 4.746 4.673 4.687 4.648 4.613 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

139 
RAIGE Ill UEITS OF HG/SQ CM LA IOlS 

67 

E/A BE 
ec 12 

)I; AL SI CA TI CR FE YI aJ GE SE SR ZR IlO ItH 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 45 4:G 

.**~...**I.C*.,***.**.*.****~****************.*.*.**.******~***********~****~***..**~**~*****..**.*****.*.**....*....*.*..*~*.**.*.. 

2: 6.393 6.810 5.680 6.241 7.860 8.722 7.830 8.f46 7.690 8.594 10.164 9.169 11.075 9.910 10.433 11.664 10.820 12.080 11.230 12.623 11.480 12.869 13.740 12.270 14.227 12.680 13.233 14.831 13.460 16.067 13.674 16.363 14.086 16.961 14.460 18.261 
3.6 6.992 6.923 9.696 9.660 9.497 11.163 12.228 12.860 13.322 13.793 14.213 15.179 16.739 16.389 16.644 16.988 17.748 18.000 
4.0 7.610 7.613 10.479 10.584 10.407 12.164 13.381 14.063 14.669 15.064 16.656 16.606 17.236 17.929 18.201 18.600 19.606 19.721 
4.6 8.248 8.316 Il.375 11.621 Il.328 13.173 14.641 16.272 16.799 16.316 16.900 18.030 18.726 19.463 19.761 20.202 21.242 21.430 

5.0 8.$08 9.032 12.286 12.473 12.264 14.194 15.712 16.490 17.048 17.685 18.250 19.469 20.221 2'3.999 21.302 21.805 22.QtW 23.136 
6.6 s.690 9.766 13.214 13.442 13.216 16.230 16.898 17.722 18.310 18.865 19.611 20.899 21.726 22.543 22.860 23.413 24.693 24.646 
8.0 10.296 10.616 14.160 14.429 14.185 16.281 18.100 18.969 19.686 20.158 20.986 22.362 23.241 24.098 24.429 25.031 26.421 26.664 
6.5 11.021 11.286 16.125 16.436 16.172 17.360 13.320 20.234 20.879 21.466 22.376 23.820 24.772 26.667 28.012 26.663 28.157 28.294 
7.0 11.771 12.072 16.110 16.462 16.178 18.436 20.660 21.617 22.191 22.792 23.783 26.3Oe 20.321 27.263 27.610 28.309 29.904 30.039 

1o:o Es 

13.34 13.70 18.14 18.68 18.25 20.66 23.10 24.14 24.87 26.60 26.66 28.34 29.47 30.48 30.86 31.66 33.44 33.68 

14.99 16.74 15.41 17.20 20.26 22.44 20.77 23.06 20.40 22.63 22.97 26.36 
26.72 26.86 27.63 28.28 29.61 31.46 32.71 33.79 34.19 35.08 37.04 37.20 
28.43 29.84 30.48 31.14 32.66 34.64 36.03 37.18 37.61 38.69 4Q.71 40.90 

:::: 18.67 20.49 19.07 21.01 24.71 27.06 26.41 27.86 24.93 27.32 30.36 27.82 31.22 34.10 32.62 36.49 33.41 38.42 34.09 37.12 38.98 36.77 41.31 37.93 39.44 42.96 40.66 44.23 41.11 44.70 42.18 46.86 44.47 48.30 44.69 48.68 

16.0 26.76 27.30 34.60 36.69 34.96 38.47 43.27 44.91 46.00 46.72 49.16 51.99 64.01 66.50 66.02 67.46 80.33 60.78 
20.0 38.86 39.27 48.73 60.34 49.24 63.63 80.26 62.33 63.67 84.41 67.88 71.61 74.32 76.11 76.72 78.62 82.14 82.98 
26.0 62.91 63.02 64.73 68.93 66.38 70.48 79.31 81.86 83.42 84.14 88.76 93.45 96.89 $8.99 99.66 102.04 106.15 107.60 

Zi:: 68.86 86.69 68.49 86.60 102.08 82.64 106.69 86.37 102.96 83.31 109.72 89.23 100.37 123.36 103.37 126.84 106.19 128.90 105.86 129.50 136.69 111.72 117.45 143.64 121.67 148.69 124.06 151.26 124.79 152.02 127.66 165.39 132.32 160.60 134.27 163.21 

2: 106.1 127.2 104.3 124.6 123.3 146.1 127.5 161.2 124.3 147.2 131.9 166.7 148.2 174.8 162.2 179.4 154.5 181.9 165.0 182.3 163.6 192.4 171.6 201.7 177.6 208.6 180.6 211.7 212.6 181.3 186.2 217.0 190.9 223.2 194.3 227.4 
so:0 160.0 148.3 170.6 176.4 171.7 181.1 203.2 208.3 211.1 211.3 223.1 233.7 241.6 244.9 245.8 260.7 257.6 262.4 
65.0 174.4 169.4 196.5 203.2 197.7 208.1 233.3 239.0 242.0 242.0 256.6 267.6 276.3 280.0 280.9 286.3 293.7 299.6 
60.0 200.4 194.0 224.0 231.6 226.2 236.6 266.1 271.3 274.6 274.4 289.7 303.1 313.0 316.9 317.8 323.8 331.7 338.4 

%G 
so:0 

227.8 266.8 220.0 247.3 262.9 283.2 261.4 292.6 264.2 284.e 266.4 297.8 298.6 333.6 340.9 306.3 328.9 344.7 344.1 308.6 326.6 363.2 340.5 379.6 361.6 391.8 366.7 396.1 366.6 396.9 JB3.1 404.1 371.6 413.1 379.2 421.7 
319.0 306.8 348.1 369.7 349.5 384.7 408.1 416.8 421.1 419.9 443.2 462.8 477.6 482.3 483.0 431.3 501.4 612.1 

90.0 386.7 359.3 418.3 432.1 419.7 437.0 488.7 498.7 603.5 601.8 629.4 662.6 6eS.9 676.0 676.6 686.2 696.4 809.3 
100.0 469.7 437.7 493.6 609.9 496.1 614.6 676.0 686.6 691.7 689.1 621.7 848.6 888.7 874.1 674.8 886.4 697.9 712.9 

%:: 1448 899.0 7 
2QQl:B 

1352.6 846.3 1496:8 442 0 1643'5 972 1 
2204:6 

1498 943.2 1 
214413 

1641'2 974 3 
2lQe:O 

1086.4 1716.7 1106.7 1746 6 
2491:2 

1113.4 1754.3 1105.9 1739.6 1168.4 1834.8 1894.3 1214.6 1251.3 1964.4 1973.8 1268.0 1267.5 1971.6 1996.6 1274.9 1294.6 2012.9 1321.4 2064.2 
250.0 1938.6 2136.3 2444.8 2493.1 2469.8 304.8 2676.4 2763.0 2799.3 2793.6 2832.3 2837.3 2918.3 
300.0 2811.7 2693.6 2851.4 2942.8 2866.7 2926.1 3256.4 3331.6 3316.8 3282.4 3461.6 3646.8 3863.0 3716.9 3707.3 3761.3 3763.6 3868.3 
360.0 3599.1 3308.4 3631.6 3748.2 3352.4 3722.0 4140.6 4249.6 4211.6 4166.9 4394.0 4494.6 4642.3 4714.9 4700.8 4771.1 4749.6 4896.4 

400.0 4446. 4076. 4469. 4813. 4497. 4676. 6089. 6233. 5172. 6116. 5393. 6610. 6692. 5783. 6764. 6862. 5816. 6998. 
450.0 6346. 4890. 5367. 6629. 6391. 6480. 6093. 6274. 6189. 6118. 8460. 6586. 6802. 6914. 6995. 6944. 7164. 
600.0 6290. 6747. 6290. 6492. 6331. 8430. 7148. 7366. 7256. 7171. 7669. 7ll4. 7968. 8100. 

6$ 
8194. 8127. 8386. 

..~..*.1*~**1.~*****.*~****.***********.*******************.****.********~*.***.**************~********..******.*.*******..~.,..**~. 
E/A SU l-F. 811 LA PR Stl CD HO l-n LU TA RE IR AU w BI nl 

50 62 66 57 69 62 84 67 69 71 73 76 77 79 82 83 so s2" 
~...****.**..*.~...***********....****.***.*~***~~**.******.~~**********....*****************.************.**~~*****.~**.....~~*.~** 

2.6 ;;:;'9 16.74 16.99 17.32 17.96 18.88 19.43 20.14 20.56 20.97 21.39 21.84 22.28 22.69 23.22 23.41 26.09 26.63 
3.0 17.76 19.01 19.32 19.98 21.02 21.64 22.47 22.94 23.41 23.86 24.37 24.91 26.36 25.91 26.09 27.89 28.46 
3.6 18.96 19.71 20.96 21.26 21.93 23.08 23.76 24.71 26.22 26.76 26.27 26.79 27.41 27.89 28.48 28.66 30.67 31.17 
4.0 20.79 21.63 22.88 23.16 23.86 26.10 26.84 26.89 27.45 28.03 28.69 29.16 29.86 30.36 30.97 31.14 33.17 33.80 
4.6 22.61 23.63 24.78 26.06 26.74 27.09 27.89 29.06 29.64 30.28 30.87 31.46 32.23 32.77 33.42 33.69 36.73 38.39 

6.0 24.42 26.42 26.67 26.93 27.63 29.08 29.93 31.18 31.81 32.50 33.13 33.76 34.60 36.16 36.84 36.00 38.25 38.94 
6.6 26.23 27.32 28.66 28.81 29.51 31.W 31.97 33.32 33.98 24.71 35.38 sB.03 36.94 37.64 38.26 38.40 40.77 41.49 

E 
7:o 

28.05 29.88 29.22 31.13 30.47 32.38 30.70 32.60 31.40 33.31 33.05 36.04 36.06 34.01 36.46 37.68 38.14 38.31 36.92 39.13 37.62 39.87 38.31 40.59 39.28 41.63 39.91 42.28 40.65 43.06 40.80 43.20 43.27 46.78 44.02 46.66 
31.73 33.06 34.31 34.51 36.22 37.06 38.12 39.73 40.48 41.36 42.13 42.88 43.98 44.66 46.46 46.60 48.30 49.11 

8.0 36.48 36.97 38.21 38.39 39.10 41.11 42.29 44.07 44.88 46.84 46.69 47.49 48.71 49.46 50.31 60.44 63.36 64.23 
9.0 39.30 40.96 42.20 42.36 43.06 46.26 46.63 48.47 49.34 50.39 51.31 52.16 53.60 64.30 66.22 66.34 68.60 69.42 

10.0 43.21 45.04 48.27 48.40 47.09 49.47 50.86 52.98 63.88 66.01 66.00 56.31 58.37 59.22 60.21 do.32 83.71 84.69 
11.0 47.20 49.20 50.44 60.63 61.22 53.78 66.27 67.63 58.60 59.72 80.78 61.74 63.32 94.22 66.28 66.38 69.01 70.06 
12.0 61.29 63.47 54.70 64.76 66.44 68.18 69.78 62.20 e3.22 64.63 66.66 88.67 ea.36 69.32 70.46 70.54 74.40 76.61 

16.0 64.14 8B.85 88.06 88.04 e8:66 71.98 73.89 76.77 77.94 79.51 80.86 82.02 84.06 86.17 88.62 86.68 91.19 92.48 

%:: 113.22 87.48 117'93 91 16 
30.0 141.29 147:12 

119'06 92 33 
148:lS 

118'67 92 13 
147:69 

US:98 92 62 124'29 98 SO 
147.68 164:08 

127 99.39 37 
167:79 

103.06 131.84 104.46 133 48 
164:94 

106.46 136 93 
167:86 

108.17 138 02 
170:36 

109.61 139 74 
172:36 

112.22 142.94 113.69 144.56 116.36 146.79 116.36 146.71 121.29 154.08 122.91 156.04 
163.07 176.18 178.02 180.78 180.62 189.61 191.84 

36.0 171.62 178.66 179.85 178.82 178.66 186.20 190.67 196.69 198.79 202.20 2Q6.13 207.42 211.88 213.94 217.26 217.02 227.64 230.25 

40.0 204.2 212.6 213.4 212.3 211.8 220.6 226.6 232.6 235.0 238.9 242.3 244.8 260.0 252.3 266.2 266.8 268.1 271.2 
45.0 238.8 248.6 249.3 247.9 247.1 267.2 262.9 270.8 273.4 277.8 281.7 284.6 290.4 292.9 297.6 297.0 311.1 314.6 
50.0 276.6 286.6 287.3 286.7 284.6 296.9 302.4 311.2 314.0 319.0 323.3 326.6 333.1 336.8 341.0 340.6 366.6 360.4 
55.0 314.3 326.9 327.4 326.6 323.9 336.7 344.0 363.8 366.8 382.3 397.2 370.7 378.0 380.9 396.9 386.2 404.2 408.6 
60.0 366.0 JB9.1 399.6 387.3 JB6.3 379.6 387.7 338.4 401.7 407.8 413.2 417.0 426.1 428.2 434.9 434.2 464.2 459.1 

66.0 397.7 413.4 413.7 41i.l 408.0 424.4 433.3 446.1 448.6 466.3 461.2 485.4 474.2 477.6 486.1 484.2 606.4 611.7 
70.0 442.2 469.6 469.8 466.8 463.8 471.1 481.0 493.7 497.6 504.8 511.3 616.9 626.6 629.0 637.4 636.3 660.8 666.6 

2: e38.3 536.7 683.2 667.8 862.6 667.6 658.1 653.9 652.8 549.8 676.8 570.3 690.4 682.0 707.6 696.9 601.2 712.3 eO9.7 722.2 617.4 731.1 622.7 737.2 634.0 760.2 837.9 764.6 648.0 766.6 846.7 764.9 676.8 799.1 982.8 807.1 
100.0 746.7 776.7 774.7 769.3 762.6 790.4 806.0 826.3 830.7 841.9 862.1 869.1 873.9 878.6 892.7 890.7 930.2 939.3 

160.0 1383. 1436. 1432. 1421. 1406. 1456. 1482. 1614. 1622. 1641. 1596. 1602. 1628. 1694. 1710. 

200.0 2169. 2240. 2234. 2217. 2191. 2266. 230'3. 2362. 2363. 2390. 

::t;: ::32 

247i. 2480. 2620. 

:t::. 

250.0 3061. 3164. 3163. 3139. 3099. 3202. 3318. 3329. 3368. 3407. 342s: 3476. 3492. 3537: i%: E? 
300.0 
360.0 

22:: :::i: :E2 4171. 2;;;: 4246. ii::. 
5450: 

g33: 4400. 4460. 4606. OK 4689. 4613. izii~ 4672. 4777. 4892. 
6293. 6376. 5662. 6826. 5098. . 6790. 6828. 6921: 6903. 6017. 6171. 

400.0 6267. 6494. 6630. 6403. 6686. 8672. 6794. 8803. 7086. 7239. 7217. 7341. 7537. 
460.0 7484. T764. 7802. 

%? 

9090: 
7663. 7ee3. ;Jm: 8106. 8114. 

688:. 

3594: 

6&V&. 

9724: 

iK+ 

9766: 
8446. 

2%. 

9931: 
8632. 9806. 8740. 8979. 

500.0 8769. 8074. 9136. 8962. 9202. 9482. 9488. 9871. 10089. 10068. 10204. 10488. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

IZBCTROIIC SIOPPIIC POWER II MIT.5 OF lEPf/tHG/SQ QS) 
140 

CE IOIS 
58 

E/A SE 
UC 12 

laz AL SI CA TI CR FE 11 al GE SE SR 724 HO RR 
4 13 14 20 22 24 24 28 2s 32 34 38 40 42 46 4" 

. ..~*.......*...~~.~*..**.**..*....*.*..*.****~~*.*******~****.****.***.*.*.*******..**~*.*.***.*****.*.********.*.~**..~**.****~... 

2: 
t2 
7:o 

g.; g.; Xi? . Fk; 5K3 x*x z:; ;.; . ii*; ii?:: 60.6 47.3 44.9 Z:E 42.9 44.4 41.3 
117:o 103:s 

7414 :.t $:j . ?a; 74.6 

71:o 
41'4 k2.x 

g:; 
61.9 

I-: se:1 

52.6 ii:! i?: 
G.8" 2: 

47.6 47:s it: 48:2 

46.3 $:7" 39:s 

a;.; g.; . 2x 40:s 5a:s 6710 :z . 2:; 46.7 45.7 2:: 28 x 41:6 

::5:: ii:8 

g:i ::i 

::; 7x 0.2 62.4 47.3 41.1 41.6 

;;:; 
7113 

Tf*i 
;::I 

Z:? 69.5 $2 

%*8 

;:i . i:*: 

Et.: zi 
tg . ;:; . ::.t . 

z-t 
. 

i:; . Z.8 
%:A a:*: ii:; 41.1 

* 

. Et 70:o 44:s 

54:s 55:o E:? ii.;: g:g 2.3 t:.: 

2; 44:s 4412 4219 
i&z * 
40:s ZX 

84.40 86.27 48.40 44.05 e7.44 42.74 66.12 63.33 62.27 61.42 48.82 46.31 44.61 43.62 43.20 42.00 39.46 39.70 
83.94 41.63 e8.24 43.43 66.04 40.48 63.40 51.73 50.76 60.39 47.49 45.09 43.38 42.44 42.17 41.04 39.10 38.84 
79.47 78.09 43.86 41.38 42.78 58.72 51.76 50.19 49.24 48.98 44.18 43.89 42.28 41.40 43.14 40.07 38.31 37.97 
74.17 74.93 41.43 69.27 e0.47 68.88 50.18 48.72 47.47 47.63 44.92 42.72 4l.17 40.37 40.13 39.11 37.60 37.09 
72.44 72.04 69.57 67.32 68.70 56.16 48.71 47.32 46.64 44.34 43.72, 41.60 a.11 39.34 39.14 38.18 36.70 3e.24 

44.68 64.47 54.21 62.22 63.66 60.67 44.77 43.69 42.93 42.&4 40.46 38.55 37.22 34.40 36.43 36.69 34.42 33.88 
54.48 66.64 47.34 46.47 44.91 44.64 59.67 33.42 38.11 38.11 38.02 34.39 33.26 32.79 32.48 31.99 31.13 50.52 
47.72 48.93 42.24 40.78 41.92 40.00 36.69 34.79 34.38 34.44 32.67 31.14 30.14 29.77 29.49 29.li 28.44 27.83 
42.63 43.92 33.28 38.97 38.04 3e.41 32.46 31.74 31.42 31.60 2S.80 28.63 27.44 27.33 27.28 24.78 28.23 26.e4 
38.60 39.98 35.10 33.92 34.92 33.61 29.90 29.29 29.00 29.11 27.66 28.38 26.67 25.33 26.29 24.86 24.39 23.82 

35.27 38.79 32.48 3Y.41 32.36 31.11 27.79 27.24 28.89 27.11 26.44 24.69 23.85 23.44 23.42 23.22 '22.83 22.19 
32.42 34.16 30.30 29.31 30.10 2S.OS 24.00 26.61 26.28 26.41 24.04 23.07 22.38 22.21 22.20 21.84 21.49 20.98 
30.40 31.93 28.44 27.62 28.34 27.34 24.47 24.02 23.82 23.96 22.49 21.77 11.11 20.97 20.94 20.64 20.33 19.85 
28.51 30.03 26.83 26.97 2e.77 26.80 23.16 22.73 22.66 22.49 21.49 20.43 20.02 19.89 19.89 19.69 19.31 18.86 
2e.88 28.38 26.43 24.42 26.38 24.66 21.99 21.eO 21.44 21.67 20.44 19.82 19.06 18.94 18.94 18.44 la.41 17.98 

26.44 24.94 24.20 23.43 24.14 23.39 20.98 20.69 20.46 10.69 19.51 18.73 18.19 18.09 18.10 17.84 17.40 17.19 
24.20 26.44 23.10 22.38 23.07 22.34 20.04 19.70 19.67 19.70 18.88 17.94 17.42 17.33 17.34 17.10 18.88 14.49 
22.10 23.61 21.24 20.68 21.22 20.80 18.48 18.17 18.04 18.19 17.26 14.58 14.10 14.03 14.04 15.83 16.83 16.28 
20.40 21.78 19.71 19.10 19.71 19.16 17.19 14.91 14.81 14.96 14.07 16.45 16.00 14.95 14.97 14.78 14.40 14.28 
18.99 20.31 18.43 17.87 18.43 17.93 14.10 16.86 16.74 15.90 16.08 14.60 14.08 14.04 14.04 13.89 13.72 13.43 

14.48 16.59 14.16 13.81 14.26 13.91 12.52 12.34 12.18 12.41 I;:;; 11.33 
11.98 13.11 11.99 11.41 11.91 11.72 '"9.:: lOgA; '"93X I;.;; 9.80 

I;.:; ll& 1;.'3; '"9.7; 10.77 10.58 
9.28 8.98 

'"9.;; 

817s 

;;A”8 
9:ee 

1cui; lyg 

a:40 
'"9::; '"9.E 

a:71 

a:47 

$ . ;; 

8:36 a:44 8.82 8.02 8.48 7.90 a:39 7.44 8: 7.49 23 SE a:12 7.40 7.61 8.14 7.94 

8.88 8.81 7.84 7.74 7.84 7.44 7.32 7.08 4.96 4.98 4.87 4.98 E . 

8.233 9.084 8.328 8.047 8.283 8.172 7.368 7.098 7.248 7.344 4.988 4.872 4.461 8.633 4.646 8.441 8.646 8.337 
7.795 8.409 7.894 7.448 7.834 7.760 6.980 4.739 4.897 8.990 4.434 4.521 4.313 8.204 4.235 4.137 8.219 4.020 
7.443 8.227 7.646 7.307 7.489 7.410 4.476 8.461 4.598 4.488 4.349 8.238 4.040 5.939 5.949 6.878 6.964 6.786 

t.: 
1o:o 
11.0 
12.0 

ifi:: 

it:*: 
8o:o 

%:iz 

Et: 
100.0 

150.0 
200.0 
250.0 
x)0.0 
360.0 

zx 
5oo:o 

.,....*****.l..*.*.****~.....**..**~.****..*..***.....*.*.....*...*.*.**.*.**..*.*.*~.~****..*........**..***..*.***.***.*.*..*..*** 
E/A = ‘lZ BA 5T” 6gpR 82” ylGD 87” 4Bm 71~” 7JTA 76Re 771R 7SAu 82pg 83” Wm 92” 60 62 68 

1*****.**.*.*.+..+~*.**.**.*.**.*....****~..*.***..*.....**...*..*******..*.****.**.*.****............**..***..*..*..****~...*.*.*** 

::tl 36.93 37.54 34.26 36.76 34.29 36.78 34.63 35.03 34.21 36.74 32.24 33.79 31.24 32.78 31.06 29.49 30.43 28.85 28.09 29.47 27.66 29.12 27.09 28.48 28.11 27.88 26.77 27.32 26.49 27.01 26.64 27.08 24.49 26.91 24.21 25.82 

$8 . 38.38 38.88 39.11 34.46 37.16 37.39 36.47 37.41 37.18 37.47 30.93 37.43 34.?1 37.26 37.62 34.74 3S.33 35.44 33.74 34.33 34.86 32.M 32.49 33.1X 31.48 32.12 32.61 31.37 31.78 30.70 30.82 31.23 30.16 30.37 30.79 29.49 28.73 29.42 29.87 28.34 29.48 29.04 28.03 28.70 29.13 28.09 28.77 29.20 17.91 28.88 27.51 24.67 27.19 27.69 

2: 39.15 X3.05 37.44 37.34 37.38 37.44 37.71 37.43 37.41 37.66 35.74 36.76 34.79 34.78 33.16 33.30 32.72 32.79 32.00 32.09 31.44 31.64 31.03 31.14 30.13 30.28 19.88 29.76 19.61 29.39 29.46 29.58 28.28 28.16 27.82 27.94 

;:i . 38.86 38.28 38.69 37.19 3e.96 34.44 37.21 34.48 3e.97 37.22 J(I.93 37.44 37.41 37.19 3e.92 36.23 36.84 35.44 34.70 34.64 34.31 33.26 33.14 32.97 32.77 32.47 32.62 32.08 32.00 31.84 31.34 31.64 31.49 31.16 31.09 30.97 30.29 30.26 30.18 29.92 29.89 29.79 29.41 29.66 29.51 29.41 29.67 29.48 28.29 28.26 28.14 27.98 27.92 27.83 

t:: 37.67 38.79 38.00 35.24 38.02 36.29 38.24 36.63 34.29 36.68 34.47 34.03 33.80 33.19 32.62 31.98 32.10 31.69 31.47 30.99 3G.SS 30.63 30.42 30.17 29.86 29.44 29.50 29.11 29.11 28.72 28.78 29.18 27.49 27.87 27.66 27.18 
:E 

12:o 

36.99 35.19 34.61 33.76 33.78 34.63 34.01 34.77 34.86 34.11 32.47 33.34 31.89 32.66 31.40 30.80 31.04 30.44 30.48 29.91 30.01 29.48 2B.15 2B.48 28.48 28.97 28.l8 28.00 27.79 28.27 28.33 27.86 24.41 27.04 28.31 26.78 

34.40 33.01 33.03 33.24 33.37 31.99 31.24 39.20 29.88 29.36 28.93 28.42 27.97 27.49 27.30 27.38 24.14 26.86 

16.0 32.19 30.90 30.94 31.14 31.30 30.05 29.37 28.46 28.18 27.71 27.33 27.05 28.47 28.22 26.86 26.80 24.78 24.49 

2: 29.06 2e.62 25.60 17.92 27.94 lb.66 28.14 26.73 28.33 26.92 24.96 27.26 24.43 24.48 26.89 23.78 25.48 23.69 26.27 23.24 24.94 22.96 24.71 22.74 24.11 22.31 24.01 22.16 23.44 21.81 23.71 21.84 22.87 20.91 22.43 20.70 

28 24.4e 22.74 23.62 21.88 23.57 21.93 22.09 23.75 23.94 22.28 23.07 21.49 21.08 22.40 22.02 20.64 21.84 20.41 21.66 20.l2 21.28 19.88 21.10 l9.7l 20.72 19.37 20.58 19.26 20.24 18.96 20.31 18.99 19.44 18.19 19.24 18.01 

2.: 
5o:o 

21.28 20.04 20.48 19.29 20.64 19.34 20.4s 19.49 20.88 19.88 20.16 19.00 19.76 18.43 13.28 18.20 18.09 19.14 18.90 17.86 18.48 17.44 18.63 17.60 18.21 17.11 18.11 l7.12 17.83 14.85 14.89 17.87 17.11 18.18 14.96 14.03 
18.98 18.24 18.31 18.46 18.43 18.00 17.45 17.24 17.14 14.93 14.74 14.41 14.34 14.24 14.00 14.04 16.37 16.22 

66.0 18.02 17.36 l7.40 17.63 17.71 17.12 14.79 14.42 14.33 14.13 16.94 16.82 16.68 16.60 15.26 16.29 14.46 14.61 
40.0 l7.l8 14.66 14.80 14.73 14.91 14.34 18.03 16.49 16.40 16.41 16.23 16.12 14.88 14.82 14.68 14.42 14.01 13.88 

46.0 14.44 15.83 16.88 14.01 14.18 16.04 16.35 16.03 14.96 14.77 14.40 14.49 14.28 14.21 13.98 14.02 13.44 13.32 
70.0 16.77 16.19 15.24 15.34 16.63 16.01 14.74 14.43 14.34 14.19 14.03 13.93 13.71 13.(M 13.44 13.48 12.92 12.80 

1oo:o 22 

14.42 14.08 14.13 14.24 l4.4l 13.93 13.48 13.41 13.34 lJ.lS 13.04 12.95 12.76 12.7l 12.60 12.64 12.02 11.92 

13.44 12.86 13.14 il.38 13.21 12.43 13.31 12.52 1 I 3 .I7 .48 13.03 12.27 12.80 12.06 12.65 11.42 12.49 il.77 12.35 ll.e4 12.21 11.61 11.43 il.13 11.96 11.27 
11.91 11.72 11.75 11.27 11.17 
11.23 11.06 11.08 10.43 10.64 

Et: 10.12 %4X x.8: X% l"*ol 
250:0 ;*:: 7:34 7134 ?fi 

t*3 
7123 

Ez 
7:14 

?Z 
: 

x: 
7104 

P*E * f-E 9.08 7.70 8.96 7.40 ?E 
4172 

Fax 
4:41 

8.81 7.49 8.44 7.39 FE 
8.86 4.77 a.ss 4:38 

300.0 
@pE . 

4.71 7& 
4:17 

4.44 4:74 
t:: 

4.64 
i.; . 

4.43 8.g 
5:91 

:I:; 8.26 
t:: . I.:: . 

4.06 8% 
5:44 

4.01 6.83 
360.0 4.23 4.19 4.28 4.08 6.98 6.83 6.81 6.43 6.40 6.43 

400.0 4.049 6.843 6.802 6.822 6.910 6.777 6.719 6.424 6.429 6.647 6.488 6.478 6.422 6.386 6.301 6.318 6.278 5.118 
460.0 6.747 6.671 6.616 6.534 6.418 5.491 6.437 6.347 6.363 6.296 6.220 6.211 6.168 6.123 6.044 6.080 6.019 4.871 
500.0 6.513 6.336 6.284 6.301 6.3e2 6.242 6.209 6.124 6.130 6.074 6.004 4.994 4.946 4.912 4.834 4.861 4.811 4.871 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAIGE II Lmrs OF nG/sq m 

BE 
4 

..I.... 
5.700 

t:iit 
r. 631 
8.163 

0' 12 
nz AL 

13 
~+..+*,+.+.**+.**...** 

6.610 'I.?91 7.7'10 
0.183 8.062 8.874 
0.867 3.616 3.678 
7.638 10.380 10.490 
8.231 11.170 11.414 

GE 
32 

I**..*.* 
il.180 

:Ez 
ie:res 
17.873 

11.630 13:iik 
14.121 14.711 
16.610 18.262 
11.094 1’1.774 
18.667 is.290 

m 
40 

~......1 
13.340 
14.941 

:t. E 
19 : 670 

no rts 
42 46 

I......, I....... 
13.68; 
16.223 
10.840 
18.433 
20.010 

:;-1;: 
I? : 697 
19.336 
11.060 

4:= 
I...... 
14.340 

:P-E 
13:664 
21.242 

8..00? 8.837 12.108 12.362 12.146 14.006 16.671 10.343 10.893 17.413 18.079 19.286 W.043 20.80% 21.101 21.698 22.766 22.926 
3.4-r-r 3.069 13.083 13.30’1 13.083 16.080 10.740 17.66% 18.138 18.882 19.422 10.706 11.627 22.329 22.039 13.180 24.467 24.014 

10.109 10.398 14.016 14.180 14.038 10.122 17.926 18.708 13.330 19.967 x).77? 11.138 23.021 13.803 24.180 24.782 26.102 26.309 
10.001 11.166 14.9%6 16.171 16.010 17.176 19.128 20.036 20.871 21.24% 22.147 13.680 24.632 26.411 26.747 2%.391 27.876 28.016 
11.018 11.919 16.834 18.201 10.001 18.246 W.349 21.299 21.9%3 22.662 23.636 26.060 2%.06a 20.974 27.323 28.014 29.697 29.737 

13.16 13.63 17.93 18.30 18.04 W.44 22.86 23.88 24.00 26.22 20.30 28.03 29.1% 30.16 3’3.63 31.31 33.08 33.23 
14.78 16.11 10.00 20.62 W.16 22.71 26.43 26.66 27.32 27.90 29.27 31.10 32.36 33.41 33.81 34.88 38.03 36.79 
16.4Q 16.97 12.10 22.7% 22.34 26.06 28.09 29.30 30.12 30.70 32.2% 34.26 36.62 38.76 37.17 38.14 40.14 40.44 
10.10 10.00 24.39 16.0% 24.01 27.4% 30.84 31.13 33.00 33.67 36.34 37.48 38.98 40.17 40.61 41.67 43.94 44.17 
20.10 10.71 26.70 27.49 26.90 2S.Q% 33.67 36.06 36.97 36.66 38.49 40.80 42.42 43.69 44.16 46.30 47.71 47.99 

2%.30 2%.87 34.10 36.17 34.4% 3r.94 42.88 44.30 46.37 48.09 48.43 61.29 63.30 64.70 66.28 66.70 69.63 69.98 
38.13 38.69 47.96 49.66 46.40 62.72 63.34 01.40 02.71 63.46 %%.%7 70.66 ‘13.23 76.00 76.00 TI.48 80.96 81.79 
61.87 61.06 %33.%4 %6.80 64.28 69.33 78.03 80.63 82.08 82.80 87.34 91.98 96.37 97.44 98.10 100.46 104.60 106.84 
%7.44 %7.18 61.07 83.86 81.83 87.70 98.66 101.62 103.41 104.08 109.83 116.49 119.66 122.00 122.72 126.66 130.16 132.07 
84.77 BJ.91 100.19 104.32 101.0% 107.7% 121.16 124.69 126.63 117.22 134.29 141.03 140.01 148.63 149.40 162.71 167.86 100.42 

103.8 101.2 120.9 126.1 121.9 129.6 146.6 143.4 161.7 162.2 160.6 188.6 174.4 177.3 178.1 181.9 187.6 190.8 
124.4 111.9 143.3 148.2 144.3 161.7 171.6 176.0 178.6 178.8 188.8 197.9 x14.7 207.8 208.6 213.0 219.2 223.2 
146.7 143.2 167.1 171.3 168.3 177.6 199.3 204.3 WT.0 W7.2 218.8 229.2 230.9 240.3 241.1 246.0 262.7 267.6 
170.6 106.8 192.6 193.1 193.7 W3.9 228.7 234.2 237.2 237.3 260.6 262.2 271.0 274.6 276.4 280.0 288.0 293.7 
196.8 189.8 219.3 226.8 220.6 131.7 269.7 266.9 269.1 268.9 283.9 291.1 366.8 310.7 311.6 317.4 326.2 331.8 

222.0 216.1 247.6 266.9 248.8 2%0.9 292.4 299.1 302.6 302.2 319.0 333.6 344.4 348.6 349.3 366.8 384.1 371.6 
260.8 241.1 2TT.l 180.6 278.6 291.6 326.6 333.8 337.6 336.9 366.7 371.8 383.8 388.0 308.8 396.9 404.7 413.2 
311.4 2Q6.8 340.4 361.8 341.8 360.8 399.4 407.9 412.1 411.0 433.8 463.0 467.6 472.1 472.9 481.0 491.0 601.4 
377.4 360.7 408.9 422.6 410.3 427.4 478.0 487.8 492.6 490.8 617.9 640.6 667.6 M12.8 663.3 672.8 683.7 696.3 
440.0 427.4 482.4 498.3 483.9 603.0 682.2 673.4 678.6 670.1 807.9 854.2 664.0 669.3 069.8 670.4 682.7 697.4 

876.4 826.0 919.4 948.9 920.7 961.2 1060.8 1079.6 1007.2 1079.9 1139.0 1186.2 1222.1 1228.6 1228.2 1246.2 1264.6 1290.8 
1411.7 1316.7 1468.9 1606.4 1461.2 1603.6 1674.8 1702.9 1711.6 1097.6 1790.2 1648.4 1907.1 1920.1 1924.0 1948.4 1964.4 2014.6 
2037.6 1889.4 2082.0 2149.2 W90.6 2141.1 2383.9 2429.2 2431.1 2408.6 2640.1 2610.1 2S94.6 2730.0 2724.0 2762.3 2767.4 2840.3 
2738.4 2627.1 2776.7 2807.8 2?92.? 2861.9 3173.9 3247.2 3232.0 3199.6 3374.2 3467.6 36'10.8 5823.4 3814.1 3866.9 5869.4 3709.4 
3604.7 3223.0 3636.1 3661.7 3668.6 Jd29.2 4034.8 4140.9 4104.0 4060.6 4281.9 4380.0 4624.1 4694.9 4681.2 4849.9 4829.1 4772.1 

4329. 3Q70. 4363. 4493. 4380. 4467. 4967. 6098. 6038. 4983. 6264. 6M6. 6646. FA6;. 661%. 6702. 6667. 6846. 
6203. 4762. 6217. 6386. 6261. 633%. 6936. 6111. 6028. 6969. 6283. 0416. 8814. 6766 
6123. 6696. 6126. 8322. 6166. 0262. 6961. 7173. 706%. 6984. 7362. 7613. F%? . 7889: %: 7981. 7916: t%: 

WA SB TE 811 LA PR se 
60 62 64 67 69 62 

.*+ . . . . L.**..*..*..**.*..*.*..*** . . . . . . . . . . . . . I.1 

::i 16.00 l%.:S% 16.62 17.02 16.87 18.80 17.19 19.17 17.82 19.82 10.73 20.84 

2: 
4:6 

18.81 10.02 21.46 19.66 20.79 22.69 22.97 21.08 21.76 23.64 22.88 24.88 
22.41 23.33 14.6% 24.83 26.61 20.86 

I .  

19.97 
22.28 
24.60 
2e.w 
28.79 

1. 

m 
69 

il..... 
20.39 

:z: 
27121 
29.38 

20.80 
23.22 
26.64 
27.?9 
30.01 

3-A 
73 

..***** 
21.22 
23.69 
28.06 
28.34 
30.60 

RE I3 
76 n 

l .  ..**...*.**l 

21.88 22.11 
24.17 24.70 
g.g g.;; 

31116 31:96 

IU 
79 

n..... 
22.61 
26.14 
27.06 
30.09 
32.48 

PE 
82 

l *.*.. 

23.04 

:z: 
30:71 
33.13 

l 

BI 
83 

..*a... 
23.23 

:k:i: 
30188 
33.30 

RI 
so 

. . ..*.*a 
24.89 
27.6% 
30.31 
32.88 
35.41 

u 
92 

I,.... 
26.42 
28.22 

%E 
38:oS 

Ki 24.10 26.99 26.20 2T.OP 2%.43 26.30 26.09 28.64 27.37 29.24 30.77 28.61 31.67 29.6% 30.90 33.00 33.6% 31.62 34.38 32.20 32.83 36.06 36.70 33.46 34.26 38.60 34.84 37.19 36.62 37.90 38.06 36.68 40.39 37.91 41.10 38.69 

xz 
7:o 

27.79 29.60 20.96 30.63 30.18 32.07 30.41 32.28 31.10 32.98 32.73 34.70 33.08 36.70 36.10 37.21 36.79 37.93 38.67 38.76 37.27 39.49 37.96 40.19 38.91 41.22 39.63 41.67 40.27 42.64 40.42 42.7% 42.8% 46.34 43.80 48.11 
31.42 32.74 33.97 34.17 34.67 36.0 37.?4 39.33 40.08 40.94 41.71 42.46 43.64 44.22 46.01 46.16 47.82 48.02 

x:: 36.11 38.8'7 30.69 40.61 37.81 41.74 37.99 41.89 30.03 42.69 40.60 44.7% 48.03 41.86 43.80 4’1.94 44.41 48.81 46.3% 49.04 48.20 60.76 48.99 61.60 48.20 62.93 48.94 63.72 49.79 64.04 49.93 64.7% 62.81 67.87 63.67 68.79 

:x 
12:o 

42.72 4%.%6 44.63 48.63 49.86 46.16 46.88 49.36 48.67 60.63 48.91 63.16 60.28 64.63 62.3% 6%.8% 63.28 67.83 64.40 69.04 80.09 66.3% 61.04 50.18 62.69 67.72 83.43 68.6% (14.64 69.66 64.64 69.88 83.00 88.22 (IJ.98 09.26 
60.68 62.83 64.06 64.11 64.7% 67.48 69.0% 61.46 61.47 (U.76 84.88 66.8% 07.66 %%.60 69.62 69.72 73.63 74.62 

16.0 W.31 86.38 87.19 87.10 (n.78 71.03 72.93 76.7% 70.96 78.49 79.02 80.98 82.99 84.03 86.44 86.49 60.04 91.31 
it: ill:48 8% 23 110:12 83 06 117:26 91 02 ii%:87 80 83 111.18 81.31 121'40 96 63 126'44 97 9% 101.60 129 84 102 131'40 99 104 133'88 ST 106.6% 136 96 106 137'84 08 110 140'00 0% 142'39 112 01 113 144:Ol 7% 144'63 113 7% 161'79 119 01 121 163'72 21 

30.0 W8.33 144.73 146.80 146.21 146.31 lSl:%O 166:20 1%0:4% 102:31 166:lQ 107:86 1%9:03 173:JS 176:21 177.93 177178 180:63 i8%:83 
36.0 ltt6.70 176.61 176.62 176.80 176.64 183.07 187.37 133.40 196.48 198.84 Wl.72 203.37 W8.36 210.40 213.67 213.46 223.79 220.4% 

ito" W0.6 234.6 208.7 243.9 W3.6 244.8 W8.0 243.4 We.1 242.7 216.7 262.6 221.7 168.2 228.t) 286.0 230.9 2%8.6 234.8 272.9 230.1 278.7 240.6 279.6 246.7 286.2 247.9 287.7 261.8 292.2 261.6 291.8 283.6 306.8 309.1 200.6 

80:o ii*: 

270.4 281.3 282.0 2%0.4 2T9.2 290.4 196.8 306.6 308.3 313.2 317.4 320.0 32’1.0 329.7 334.8 334.3 360.0 363.9 

348.1 308.3 310.6 301.3 321.2 3%1.4 313.3 Jbo.1 317.8 368.2 330.3 372.2 337.6 380.2 347.1 390.7 360.1 394.0 366.6 40Q.0 3%0.3 406.2 3%3.8 409.1 370.9 410.9 373.8 410.0 379.7 420.0 426.9 379.0 398.7 446.6 401.0 460.3 

;::: 389.7 433.2 406.2 460.4 460.6 406.6 403.0 447.7 400.0 444.7 410.0 481.7 424.8 47X.4 430.3 483.9 439.6 487.6 446.4 494.8 462.2 601.1 460.4 606.6 4%6.0 616.0 488.3 618.6 476.7 626.7 474.6 626.7 496.6 649.7 601.8 666.4 

1oo:o tE 

626.6 64%.2 646.0 642.4 638.4 668.0 670.0 684.6 668.8 697.2 804.7 610.0 021.0 024.9 (u4.8 833.0 082.1 868.9 

624.7 730.6 %49.1 768.9 040.0 768.0 %64.7 t62.T dJ9.0 740.1 Tf3.3 682.0 076.9 788.6 092.6 OOT.6 897.3 812.9 707.0 823.9 716.7 833.9 721.8 840.7 734.6 666.2 738.7 869.9 760.6 873.6 749.0 871.7 782.4 910.4 790.3 919.4 

160.0 1361. 1402. 1399. 

3644: ::::. 

1%71. 

Et: 2107. 2S76. 308%. 218%. 3088. 2181. %:: 

5%:: z%: Z!ii. . X’ . 6313. 6411. 6421. 6483. 4a68. 6866. &Et . 

%i:. 
0x0. 

8632: 7664. 8839. “G% 8893: 8%64 %:- : 0729: EE. %i:. 89%41 

6601. 

9074. 776%. 9236: %%* 

e819. a704. 8820. 0904. 7066. 7033. 7164. 7346. 

7906. 9242. 7QQ6. 934%. 9472 t!E’ : 9604. 6131. W16. 8229. Et. Q%76: 8410. 8384. 9828. 979%. 9941. 8516. lo?:?: 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

aBCTnoIIC SrOPPIlG POWER 11 UlITS OF nEv/m/sq M) 
141 

PR 101s 
69 

E/A 
..+...+, 

3.: 3:fi 

SE 2 u....., 
:z: 
106:6 
104.1 
102.2 

CA ?I CR FE II W GB SE 
20 22 24 26 28 29 32 34 

~***.**+*+*++*++*.+*******.************~***.***.******** 
71.1 01.2 iZ:Z 61.4 

%B” 
t:: . tF.: 

63:S E?$ 2x 
63.7 SO:? 4814 

SE 
46 4F 

l .**.**+**+** 

Et z*: 

ES 
41:o 

41:a 2: 

4 
,.I..... 

::x*; 
119:7 
116.1 
112.4 

46.2 

z: 
46:s t:: 

:.: 
1o:o 
11.0 
12.0 

16.0 
20.0 

it: 
36:O 

%:ti 

EE 
1oo:o 

160.0 

E.8 
3Qo:o 
360.0 

400.0 
460.0 
600.0 

90.96 81.36 70.40 67.68 89.02 64.16 66.36 64.63 63.44 62.98 49.90 47.33 46.49 44.47 44.14 42.92 40.72 40.66 
86.26 83.66 67.81 66.14 SS.68 62.08 54.63 62.92 61.91 61.63 48.67 46.11 44.36 43.41 43.11 41.96 39.97 39.70 
82.06 SO.08 136.39 62.86 64.29 60.11 62.96 61.36 60.43 60.12 47.26 44.90 43.23 42.36 42.08 40.96 39.16 38.83 
78.28 76.88 S3.14 SO.72 62.16 68.24 61.38 49.87 49.01 48.76 46.98 43.73 42.13 41.31 41.06 40.02 38.37 37.96 
74.88 73.94 61.06 68.74 m.16 6S.49 49.89 48.46 47.66 47.46 44.76 42.60 41.07 40.30 40.07 39.08 37.66 37.09 

66.43 Ml.43 66.61 63.66 64.92 61.84 46.90 44.66 44.01 43.91 41.46 39.61 58.14 37.60 37.33 38.46 36.26 34.69 
66.30 67.11 48.63 W.90 46.16 46.74 40.62 39.63 39.11 39.11 36.96 36.29 34.12 33.64 33.62 32.81 31.93 31.30 
49.16 60.36 43.42 41.91 43.08 41.09 36.66 36.74 36.31 36.37 33.44 31.97 30.96 30.67 30.49 29.89 29.20 26.67 
43.83 46.22 39.38 38.02 39.12 37.43 33.36 32.64 32.29 32.38 30.63 29.31 28.40 28.09 28.03 27.61 26.96 26.34 
39.69 41.18 34.11 34.90 36.93 34.47 30.76 30.12 29.82 29.93 26.33 27.13 26.30 28.04 28.00 26.66 26.07 24.49 

28.37 37.91 33.44 32.33 33.30 32.02 28.69 28.03 27.77 27.69 26.40 25.30 24.64 24.32 24.30 23.69 23.48 22.93 
33.66 36.20 31.20 30.18 31.09 29.96 2~3.77 26.26 26.03 26.16 24.77 23.76 23.04 22.86 22.84 22.47 22.11 21.69 
31.36 32.92 29.30 28.36 19.21 26.10 25.20 24.73 24.63 24.66 23.36 22.41 21.74 21.69 21.68 21.26 20.93 10.43 
29.42 x).97 27.66 213.76 27.68 20.64 23.86 23.41 23.23 23.37 22.14 21.24 20.62 X.48 20.48 20.17 19.88 19.41 
27.74 29.27 2S.21 26.38 26.16 26.30 22.66 22.26 22.09 22.23 21.06 20.22 19.62 19.61 19.61 19.23 18.96 18.62 

213.26 27.79 24.96 24.16 24.91 24.11 21.60 21.23 21.07 21.21 20.10 19.30 IS.74 18.64 16.66 18.38 18.13 17.71 
24.99 2S.48 23.62 23.07 23.79 23.06 20.66 20.31 20.17 20.31 19.26 16.49 17.96 IT.88 17.87 17.63 17.39 17.00 
22.62 24.27 21.91 21.23 21.69 21.24 19.06 16.74 18.62 18.76 17.79 17.09 16.60 16.63 16.64 16.32 16.12 16.76 
21.07 22.47 20.34 19.71 20.33 19.76 17.73 17.44 17.34 17.48 16.68 16.93 16.48 16.42 16.44 16.24 16.06 14.73 
19.62 20.97 19.03 18.46 19.03 18.60 16.62 16.36 16.26 16.40 16.66 14.98 14.63 14.48 14.60 14.33 14.16 13.86 

14.96 16.11 14.72 14.26 14.73 14.37 12.93 12.74 12.69 12.82 12.16 11.71 
12.38 13.66 12.39 12.00 12.31 12.11 

ly3~ y& '"9:Hf lyg 1yg 10.71 9.73 

'"9J3f 

0176 

'"9.;; 

S:42 

'"9.:; 
l19.;; 

a:09 10:02 8:QO a:11 
a:e4 S:Si3 7.90 

I;.;; 

7.76 8:61 

l;.;; 

8164 7.78 
9.18 9.01 8.11 7.81 8.00 7.32 7.19 7.22 

8.616 9.396 8.614 8.344 8.647 8.463 7.611 7.341 7.617 7.617 7.228 7.107 6.879 6.767 6.789 6.682 8.772 6.664 
8.063 6.904 8.166 7.909 8.104 8.017 7.220 6.971 7.134 7.230 6.862 6.746 6.630 6.418 6.449 6.348 6.432 6.227 
7.699 8.609 7.806 7.669 7.748 7.6SS 6.906 6.673 6.826 6.918 6.667 6.462 6.248 6.143 6.174 6.078 6.169 6.963 

. . . ..~****.+*...**~..*.....**.*..*.************~**..***.***..*.**.*****....*~**~**.*.*.**~*.***.~**...*~...*.*.*.~******~*.~*~****.* 
E/A si w EA LA PR SH GO 80 ln LU TA RI2 IR AU Ps 61 M 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 83 90 92” 
. . . ..*....~**...*..*..............***.**.......****~**~~*......*******..*.*.*~.......**..*.***.~*..~~.*~..***~*.~...**..*~~.~*.**** 

3:: 3621 X.62 34.61 3S.37 34.86 36.40 36.10 3S.66 34.77 3S.38 32.77 34.37 31.76 33.34 29.97 31.69 29.32 30.96 28.66 30.16 28.00 29.62 27.63 29.16 26.64 28.16 26.20 27.79 26.91 27.47 27.64 26.97 26.37 24.89 26.06 24.60 

::tl 39.61 38.07 37.84 37.31 37.33 37.86 37.69 38.12 37.36 37.94 36.38 36.99 34.36 34.96 32.63 33.29 32.02 32.71 31.26 31.96 30.69 31.38 30.22 30.93 29.24 29.96 28.86 29.68 28.63 29.23 28.69 29.29 27.36 28.01 27.04 27.63 
4.6 38.86 36.10 38.12 38.38 38.24 3S.32 36.30 33.69 33.13 32.36 31.82 31.37 30.43 30.04 29.68 19.76 28.44 28.10 

6.0 

2: 

E 

16.0 
20.0 
26.0 

ZE:: 

40.0 
46.0 

C:8 
60.0 

160.0 
200.0 
260.0 

it::: 

ii%?:: 
5oo:o 

39.92 38.17 36.19 58.46 
39.83 38.11 36.12 38.38 
39.66 37.96 37.96 38.22 
39.39 37.71 37.73 37.99 
39.09 37.43 37.46 37.70 

38.46 

36.41 34.62 

~~3 
33:42 

Eif 
32:62 

32.74 31.97 

20.31 

16.82 

::-:: 
13:20 
12.44 

9.84 
6.34 

:% 
6:28 

6.914 

:::i 

33.36 
33.44 

ii?:: 
33.20 

31.66 

3: 
30:s 
29.60 

31.63 
31.76 

2% 
31:si 

30.32 
30.47 
30.62 
30.60 
30.41 

29.96 

xi 
30:11 
30.02 

30.02 

2:: 
30117 
30.09 

:tz 
28:62 
28.49 
28.41 

31.27 30.48 30.13 29.73 29.80 28.46 28.14 
30.83 30.06 29.74 29.36 29.41 28.09 27.77 
30.34 29.62 29.30 28.90 28.96 27.66 27.36 
29.82 29.13 28.82 28.42 28.48 27.21 26.91 
29.28 28.62 28.33 27.93 27.99 26.74 X.46 

27.70 
26.33 
23.34 
21.67 
20.26 

27.11 
24.83 

:z: 
1s:eo 

26.86 
24.62 
22.73 

:;::: 

26.47 
24.26 
22.39 
20.81 
19.47 

:z: 
22:44 

:::t: 

26.36 
23.24 

:::t: 
18.69 

:;.3;: 
16:61 

2:: 

26.07 
23.00 
21.24 
19.76 
18.60 

19.06 18.72 18.62 
18.01 17.70 17.61 
17.09 16.81 16.73 
16.29 16.02 16.96 
16.67 16.32 15.26 

x3 
la:47 
16.70 
16.01 

17.69 
16.66 
16.82 
16.08 
14.43 

17.42 

:E 
14194 
14.29 

14.93 14.69 14.83 
14.36 14.13 14.07 
13.36 13.14 13.10 
12.61 12.32 12.28 
11.79 11.62 11.69 

:~% 
12ha 
12.09 
11.40 

14.44 13.84 13.71 
13.88 13.31 13.19 
12.92 12.39 12.26 
12.12 11.62 11.62 
11.43 10.97 10.87 

9.24 

5.x: 
a:40 
6.96 

a.22 
7.83 

8.C 
6:Ql 

9.07 
7.71 
6.83 

E:Z 

6.666 
6.389 
C.lSS 

6.669 
6.299 
6.081 

6.482 

k%3 

6.600 6.467 6.293 
6.233 6.191 6.038 
6.018 4.976 4.832 

~*~~ 
3s:ao 
36.00 
36.21 

36.77 
3S.06 
36.29 
34.63 
33.78 

33.21 32.79 32.16 
32.SS 32.29 31.67 
32.10 31.73 31.16 
31.60 31.16 30.69 
30.90 33.67 30.03 

28.86 28.38 
26.91 

:Ex 
20:68 

32.97 31.66 31.89 31.91 32.06 
29.80 28.63 28.67 26.88 29.06 
27.23 26.18 26.21 26.41 26.60 
26.12 24.16 24.21 24.39 24.69 
13.37 22.49 22.64 22.71 22.90 

21.89 21.07 21.12 21.28 21.47 
20.62 19.86 19.90 20.06 20.26 
19.62 16.79 18.04 18.99 19.18 
18.66 17.66 17.92 18.06 18.24 
17.70 17.04 17.10 17.23 17.41 

19.83 19.70 19.44 
18.72 18.61 18.36 
17.76 17.66 17.43 
16.91 16.81 16.60 
16.16 16.07 16.87 

16.93 
16.26 
16.07 

:::2 

10.46 

16.31 
16.66 
14.62 

:3:;; 

16.36 16.49 
16.70 16.63 
14.67 14.68 
13.62 13.73 
12.81 12.92 

10.34 
8.76 
7.70 

82% 

16.48 
14.S7 
13.82 

:::i: 

16.21 
14.62 

:3-E 
12:OO 

9.63 9.63 
8.17 

1% 
6:18 

10.08 10.01 
8.47 
7.48 
6.83 
6.36 

iX!l 
6.443 

6.816 6.821 6.768 
6.631 6.636 6.477 
6.300 6.306 6.249 

6.001 6.021 
6.706 6.724 
6.446 6.4S4 

t.;:: 
6:6S7 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

141 
SAICE II WITS OF m;/Sq QI Pll 101s 

69 

VA BE 
4 

l *..*.*..***.* 

2.6 6.720 

?Z 
0.288 
e.aw 

t:: . I*% 

al 06 
29 32 

!.***.+*..****. 
11.310 12.090 
12.991 13.630 
13.994 14.837 
16.2W 16.330 
19.907 17.720 

SE SR ZB no BB 
34 36 40 42 46 4F 

~L***..*.*.*...*+..+**..***********~*..*** 
12.600 13.035 13.240 13.468 13.958 14.230 
14.016 14.800 14.826 16.104 16.998 16.996 
16.496 16.126 15.388 18.704 17.466 17.708 
16.969 17.830 17.889 18.279 19.173 19.390 
18.411 19.127 19.402 10.844 2O.WS 21.068 

6:O kg 

8.719 8.866 12.063 12.236 12.029 13.930 16.423 16.183 18.742 17.287 17.923 19.114 lS.WS 20.826 20.916 21.407 22.663 22.722 

10.067 9.377 10.2@4 9.690 12.966 13.874 13.176 14.136 12.964 13.896 16.969 14.937 18.677 17.748 17.392 18.606 17.970 19.212 18.613 19.77l 19.248 20.686 20.616 21.930 21.334 22.809 22.129 23.643 22.433 -23.961 22.974 24.660 24.234 26.917 24.389 29.083 
8.6 10.767 11.039 14.810 16.112 14.863 18.997 18.932 19.834 20.469 21.043 21.937 23.368 24.299 26.170 26.601 28.137 27.608 27.747 
7.0 11.479 11.801 16.784 16.107 16.829 18.062 20.i36 21.080 21.742 22.331 23.304 24.802 26.804 26.712 27.066 27.739 29.306 29.444 

8:: 14.68 12.99 16.03 13.38 19.77 17.73 18.16 20.28 17.84 19.92 22.46 20.21 26.14 22.80 23.83 26.26 24.34 27.02 27.86 24.98 28.96 28.09 x).78 27.74 32.00 28.87 33.06 29.86 30.21 33.46 30.99 34.31 32.74 38.23 32.89 39.40 
10.0 lb.26 18.76 21.89 22.48 22.07 24.79 27.78 28.98 29.78 30.43 3l.90 33.W 36.22 30.34 39.78 37.71 39.80 39.99 
11.0 18.02 18.66 24.08 24.77 24.30 27.14 30.46 31.74 32.81 33.28 34.93 37.04 38.63 39.71 40.16 41.19 43.43 43.65 
12.0 19.86 20.42 29.36 27.13 29.81 2B.O 33.26 34.81 36.63 38.21 38.03 40.31 41.92 43.17 43.61 44.76 47.16 47.42 

iE*: 

26:0 

37.46 26.87 37.96 21.47 33.62 47.22 34.88 48.78 33.98 47.72 37.42 61.93 42.10 68.48 43.71 80.60 61.80 44.78 46.49 62.64 86.91 47.88 99.66 60.83 72.19 62.81 73.94 64.08 74.63 54.67 76.38 66.97 79.81 68.77 SO.64 69.22 

60.88 61.13 62.69 54.72 63.23 88.22 78.79 79.27 80.81 81.62 86.99 SO.68 93.91 96.98 98.62 95.93 102.93 104.26 
2: 66.10 83.03 66.93 82.29 79.87 98.39 101.78 82.41 99.26 80.43 106.87 89.22 119.04 97.00 122.44 99.93 101.71 124.46 102.38 126.06 108.04 132.00 113.02 138.84 117.72 143.64 120.06 148.14 146.90 120.76 160.18 123.64 128.08 166.22 167.76 129.97 

40.0 101.0 100.2 118.7 122.8 119.7 127.1 142.8 146.7 149.0 149.6 167.8 le6.8 171.3 174.2 176.0 178.7 184.3 187.6 
46.0 121.8 119.6 140.6 146.4 141.6 149.9 168.3 172.7 176.2 176.8 186.4 194.4 201.0 204.1 204.9 209.2 216.3 219.2 
60.0 143.6 140.2 193.9 169.6 186.0 174.2 196.6 2Q0.4 203.1 203.4 214.7 224.9 232.6 236.9 239.7 241.4 248.0 262.8 
66.0 166.7 162.3 188.7 196.1 189.8 lS9.9 224.3 229.7 232.7 232.7 246.7 267.3 286.8 269.4 270.1 276.6 282.8 288.2 
60.0 191.4 186.7 214.8 222.2 216.1 227.1 264.8 260.6 283.8 283.7 278.4 291.3 300.9 304.7 306.6 311.3 318.9 326.4 

66.0 217.6 210.4 242.4 260.7 243.7 266.6 286.6 293.1 298.6 296.2 312.7 327.0 337.7 341.7 342.6 348.6 367.0 364.4 
70.0 246.1 230.4 271.4 280.6 272.7 286.S 319.9 327.0 330.7 330.1 348.6 394.3 376.1 380.3 391.1 395.0 396.7 406.0 

i%:: 304.2 388.6 362.0 292.1 400.0 333.1 344.3 413.3 534.6 401.4 349.3 419.2 391.0 487.8 399.4 477.6 403.6 482.1 402.6 480.4 424.8 607.0 443.7 629.2 467.9 646.9 492.6 660.9 493.2 661.6 680.7 471.2 491.0 67l.O 4Sl.3 583.9 
100.0 437.9 417.8 471.7 487.3 473.2 4S2.0 660.0 681.0 668.1 663.7 694.9 820.6 640.0 946.3 846.8 666.2 888.2 882.7 

160.0 864.9 806.9 897.9 926.7 899.2 929.2 1036.3 1064.8 1062.2 1066.2 ill2.9 1169.1 1194.2 1200.7 1200.3 1216.9 1236.8 1261.6 
200.0 1378.4 1288.4 1423.7 1469.1 1426.0 1487.6 1834.8 1662.4 1670.9 1667.2 1747.7 1804.7 1882.0 1880.7 1878.6 1902.6 1918.2 1987.2 
260.0 1986.0 1842.6 2031.3 2099.4 2Q39.1 2088.8 2326.7 2370.0 2372.0 2360.0 2478.4 2646.8 2929.4 2864.0 2968.8 2896.7 2700.7 2777.7 
300.0 zB68.6 2483.7 2709.4 2794.3 2723.2 2781.2 3096.3 3166.8 3162.2 3120.6 3291.0 3372.4 3483.0 3634.4 3626.4 3676.8 3669.7 3877.0 
360.0 3414.7 3141.6 3448.9 3669.7 3468.9 3636.7 36’33.6 4037.3 4001.6 3969.2 4176.0 4270.8 4411.4 4480.6 4497.3 4634.3 4614.2 4863.6 

400.0 4217. g37. 4d2;; 4379. 4269. 4346. 4832. 4989. 4911. f33;. 6122. 6233. 6406. 6493. 6476. 6669. 6626. 6698. 
460.0 6068. 

6461: 
6248. 6117. I!:%: 6784. 6966. 6876. 

600.0 6964. 6968. 6160. 9007. 8783. 6990. 65.86. woe: 
2% 

. 
y;. 

. 
f44;. 

. 
;;w;. 

. 
y& 

. 
yl;. 

. 
E6. 

. 
E;. 

. 

..~.+*****+.*t******...***.**.*...**.********.*.****~.*.*****.*.***..**.***~.****.***.******.*.....*****.****.*~*********.*.***~*..* 
VA Y T6 BA LA PB Iii AU PB BI Ill 

60 62 60 67 69 82sn OD Fio In ‘" TA Fm 64 67 69 71 73 76 77 79 82 83 So SIU 
*~C..*++**..*.***ll~...~....*.*..*..******.*.*....*.*~..***.~.~***~~.**.**~..~.*~.~***.*.**.**.****.**~,*..***..~.*.*~*.~*.*..***.*. 

2: 14.94 18.883 16.60 17.48 16.74 18.71 17.08 19.02 17.69 19.67 18.69 20.69 19.13 21.29 19.82 22.11 20.24 22.67 20.84 23.03 23.49 21.06 23.97 21.49 21.93 24.60 22.33 24.94 22.86 26.49 23.04 26.67 24.70 27.46 26.23 28.01 
3:: 18.06 20.44 19.39 21.26 20.62 22.60 20.92 22.78 21.68 23.46 22.71 24.98 23.37 26.41 24.30 18.44 24.81 26.98 27.66 26.33 26.83 28.10 28.36 28.66 26.96 29.34 27.41 29.84 30.44 28.00 30.61 28.16 30.07 32.61 33.24 30.W 

4.6 22.22 23.12 24.36 24.62 26.30 26.63 27.41 28.64 29.12 29.76 30.33 SO.91 31.87 32.20 32.83 33.00 36.11 36.76 

28 23.98 26.76 24.B7 28.82 26.20 28.06 28.46 28.29 27.14 28.98 28.67 30.60 29.40 31.39 30.63 32.71 31.24 33.36 31.91 34.07 32.63 34.73 33.16 36.37 33.98 38.27 34.63 39.86 36.20 37.64 36.36 37.70 37.67 40.03 38.26 40.74 

f2 
7:o 

29.31 27.62 30.63 28.67 29.90 31.75 31.98 39.13 30.82 32.67 32.44 34.38 33.38 36.38 34.78 38.87 36.46 37.67 35.23 38.38 38.92 3B.11 37.69 39.81 38.66 40.83 39.18 41.47 42.22 39.88 40.04 42.37 42.47 43.21 46.88 
31.10 32.41 33.64 33.64 34.64 39.33 37.38 38.96 39.69 40.66 41.31 42.04 43.12 43.79 44.67 44.71 44.91 47.38 49.16 

8.0 34.74 35.21 37.43 37.61 38.31 40.28 41.43 43.17 43.97 44.90 46.74 45.62 47.72 48.44 49.29 49.42 62.29 63.16 
8.0 38.46 40.08 41.30 41.46 42.16 44.30 46.66 47.46 48.30 49.32 60.22 61.05 62.37 63.16 64.06 64.18 67.28 68.19 

:::: 49.12 42.24 48.07 44.03 46.26 49.29 46.38 49.39 48.07 60.07 48.39 62.67 49.76 64.03 61.80 66.24 62.70 67.19 63.81 68.38 69.41 54.78 00.36 66.07 61.90 67.10 62.78 67.93 63.82 58.90 83.92 69.01 62.33 67.47 63.3Q 68.60 
12.0 60.08 62.20 63.42 63.49 64.16 68.83 68.40 60.76 81.76 83.03 84.13 86.13 06.78 87.72 88.82 68.91 72.70 73.79 

16.0 62.60 85.14 68.36 88.33 86.94 70.16 72.04 74.06 76.00 77.62 78.83 79.W 81.B7 83.06 84.38 84.44 88.96 SO.21 
20.0 86.02 88.69 89.76 89.68 SO.07 94.23 99.66 100.22 101.60 103.66 106.21 106.82 lOS.16 110.49 112.22 112.22 118.01 119.69 
26.0 109.80 114.38 116.61 116.14 116.46 120.61 123.61 127.96 129.66 131.93 133.97 136.84 138.78 140.32 142.60 142.44 149.90 161.62 
30.0 136.79 142.44 143.61 142.94 143.06 149.26 162.86 167.9S 169.81 162.84 186.07 187.01 170.73 172.62 176.19 176.06 183.69 186.98 
36.0 166.91 172.71 173.72 172.92 172.78 180.10 184.33 190.27 192.32 196.62 198.46 200.68 206.01 207.02 210.24 210.02 220.22 222.88 

E:i 
66:o 

230.3 197.1 2ob.6 206.1 -239.0 276.1 200.1 240.6 278.B 206.0 239.2 276.3 104.0 238.4 274.2 213.1 248.1 286.2 218.0 263.7 291.6 224.8 291.4 300.0 X3.9 302.8 227.0 230.8 208.1 307.8 234.1 311.8 271.9 274.7 238.8 314.9 241.6 280.3 321.2 282.7 323.8 243.6 247.8 287.1 328.8 286.7 328.4 247.3 300.3 269.1 343.8 303.8 262.1 347.7 
Jo2.6 314.6 316.3 313.4 311.9 324.2 331.3 340.7 343.7 349.0 363.7 367.1 394.1 397.0 372.8 372.1 389.6 393.8 

80.0 341.4 366.1 366.6 363.4 361.6 M6.2 373.1 383.4 386.6 392.6 397.7 401.4 409.2 412.2 418.7 418.0 437.3 442.0 

66.0 382.2 397.4 397.7 396.2 392.9 406.0 416.7 428.0 431.4 437.9 443.6 447.7 468.2 469.4 486.7 496.8 487.2 492.4 
70.0 424.7 441.6 Wt.? 438.9 436.1 462.7 492.2 474.6 478.2 486.2 491.4 496.9 606.1 608.6 616.6 616.6 639.1 644.8 

too:0 22 
614.9 636.1 636.0 631.6 627.6 647.4 668.6 672.9 677.1 686.3 692.7 697.8 W8.7 612.6 921.0 949.0 666.7 
811.7 716.0 936.7 742.8 936.2 742.0 

622.2 
SEW.9 739.8 626.6 730.6 848.S 767.1 892.0 7?2.1 678.4 7S0.7 583.1 796.9 692.8 8~26.7 701.1 816.6 707.0 823.2 719.6 837.4 723.7 812.0 736.3 866.6 733.7 863.8 786.5 774.3 

891.6 900.3 

160.0 1320. 1371. 
3011: ::% 

1367. 1343. 1390. 1416. 1446. 1464. 1472. 1489 a 1600. 1631. 1656, 1661. 1634. 
%::: 2so4. 2067. 3012. 2136. 2. 2088. 2169. 2198. 2242. 2263. 2279. 2321. 2402. 2396. :x . 

300.0 i%: a86. 3996. 3987: :i:: %$: 33: 3% 2% 2x7;. 

g3;. + 3310: :fE ET 
3378. 

3634. 2621. 

43w. 4468. ~~- iE. 
360.0 5041. 6062. 6031. 4903. 6110. 6181. 6277: 6287: 6347: 

%:i: yJ: 
. 6610. 

y3:. 
. 5629. 6612: 6721: %i: 

400.0 6964. 6203. 6188. (1083. E:: X %P. 8914: g4': 23;. . 7267. 6609. 873s: yt& f33f. 9944: 8466. 646%. 5637. 5824. 8732. 7099. ScO2. Tro7. 9009. 7793. 9109. ‘3771. 8879. go& $84:. 6%;. 0909;. 7l7l;. 
. 9203: 

ii?:. 
. 

2::: 
i%i: 9660: WBO: SS68: 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

147 
CLECTROIIC STOPPIlG PGUER II UIITS OF BSYf/tfCi/SQ 'J'I) m 101s 

40 

WA BE 
4 6" 12 

I(; AL SI CA n CR FE BI a GE SE SR 
13 14 20 22 24 26 28 23 32 34 3% 

.*.,~+,.**......**.*.~*.**********************..****.**.*.*******.****.**..*.*~...***...***.****.*.****** 

2:: 126.9 128.0 108.8 108.0 -2: EZ 42.2 63.6 80.4 69.2 67.3 66.7 67 4 
se:1 

62.2 63.8 48.9 4a.4 iit.: 
3.: 4714 

4:6 %:t 2:; 

zi*! 

%3:3 

41.1 41 1 

so:4 
E.5 69:6 64.4 64.8 

69.3 ii:: 64.0 z.: . 

za no RR 
40 42 46 4;" 

l *********************.**** 

44.3 42.4 38.2 39.7 
40.0 44.3 40.1 41.4 
46.9 46.3 41.4 42.3 

47.4 45.8 42.1 47.6 40.0 42.6 ET 

:x4 64.6 49.2 46.9 
67:% 

67.9 67.6 
54.9 ~3.: 

61.4 61.1 

62:s ET 
2: 

47.9 47.7 47.4 47.2 ifi:: 
47.3 

2: 
6a.2 

49:s Z:i z:: 
iti 

2: 

66.4 62.3 4%:1 
46.1 $2 
44.7 42.2 

1o:o X.8 

93.31 89.44 72.00 OS.11 70.67 46.67 67.40 66.72 64.40 64.12 60.98 48.3% 48.47 46.43 46.09 43.83 41.68 41.42 

88.63 M.24 86.41 82.07 86.94 aS.38 %4.33 a%.%4 48.11 46.79 63.48 41.49 66.86 64.18 62.63 64.10 
63.07 62.48 49.44 47.13 46.34 44.3% 44.0% 42.87 40.84 40.67 
61.68 61.26 48.32 46.91 44.20 43.30 43.02 41.89 40.06 39.49 

11.0 80.40 78.82 64.4% 42.17 a3.43 69.41 62.68 61.03 60.14 49.8% 47.04 44.73 43.09 42.26 41.99 40.92 39.24 38.81 
12.0 74.93 76.84 42.64 40.1% 41.40 67.83 61.07 49.41 48.77 48.6% 46.81 43.69 42.02 41.23 40.99 39.98 38.43 37.96 

16.0 a8.29 b8.20 67.01 64.91 64.29 63.12 47.03 46.77 46.0% 44.97 42.4% 40.4% 39.0% 34.40 38.22 37.34 34.10 36.62 

E 67.93 60.41 68.49 61.78 49.91 44.40 48.13 43.04 49.42 44.26 46.92 42.19 41.4% 37.64 40.46 34.49 40.11 3%.26 40.11 38.30 37.90 34.33 36.18 32.82 34.99 31.77 34.49 31.37 34.3% 31.28 33.44 33.47 32.73 29.9% 32.09 29.31 

Fi:: 46.16 40.90 4%.64 42.40 40.4% 37.14 39.08 36.89 40.20 36.94 38.M 36.43 34.27 31.41 33.63 30.9% 33.17 30.46 33.2% 30.7% 31.4% 29.11 30.11 27.88 29.16 27.02 28.84 24.7% 28.79 24.72 28.26 X.26 27.48 26.7% 27.06 26.1% 

2: 37.4s 34.49 39.04 N.24 34.41 32.12 33.2% 31.0% 34.26 32.00 32.93 30.81 29.41 27.64 28.82 27.01 28.66 24.77 28.48 24.91 27.16 26.48 24.01 24.43 26.23 23.49 26.00 23.61 24.98 23.49 24.6% 23.11 24.14 22.74 23.67 22.20 

so:0 !E 

32.34 33.92 30.1% 29.18 30.07 29.00 26.94 26.4% 26.24 26.38 24.04 23.0% 22.37 22.21 22.20 21.8% 21.63 21.02 

Jo.34 28.42 31.92 30.18 28.48 27.01 27.6% zb.14 28.41 24.96 27.43 28.06 
24.66 24.10 23.91 24.06 22.79 21.87 21.22 21.08 21.08 20.7% 20.4% 19.98 
23.33 22.92 22.74 22.89 21.48 20.81 20.20 20.08 20.09 19.79 19.62 19.06 

46.0 27.11 28.46 26.71 24.89 26.4% 24.84 22.26 21.8% 21.71 21.86 20.71 19.88 19.30 19.19 19.20 18.93 18.67 18.24 
70.0 26.79 27.31 24.66 23.78 24.62 23.76 21.29 20.92 20.78 20.92 19.83 19.06 18.49 18.40 18.41 18.16 

1oo:o ii?: 

23.6% 25.03 22.69 21.49 22.67 21.90 19.44 19.31 19.19 19.34 18.33 17.41 17.11 17.03 17.06 la.82 
;;.SJf ;;.;i 

21.76 20.2% 21.44 23.18 20.98 19.43 20.33 19.03 20.97 19.43 20.37 19.08 
18.28 17.98 17.88 18.02 17.09 14.43 16.96 16.90 16.91 16.71 16:62 16:18 
17.14 14.87 18.77 14.91 14.04 16.42 14.98 14.94 14.9% 14.77 14.69 14.28 

160.0 16.44 14.43 16.1s 14.74 16.20 14.84 13.36 13.16 13.10 13.23 12.66 12.08 11.74 11.27 

%E 
3oo:o 

12.80 11.26 14.00 12.34 12.80 11.30 12.40 10.96 12.71 11.20 12.61 1l.M ';A: 1i.g l;:l.: 11.20 9.93 10.42 9.42 10.46 9.27 10.11 8.9% l;:z 8.79 1;:;: 8.82 ¶;A‘3 e:es 1;:;; 8.80 3.6% 8.60 

360.0 1"9.:8 . yg . lyf . ya3 . '"9.:: . 1og.g . 
9:06 8171 

E . 
9.04 8.67 8.44 8.1% 8.01 8.04 7.91 8.02 7.76 

8.38 8.07 8.38 7.96 7.82 7.67 7.43 7.4% 7.34 7.44 7.20 

400.0 8.804 9.711 8.906 8.42% 8.836 8.738 7.867 7.688 7.771 7.873 7.471 7.347 7.111 4.986 7.018 4.907 4.999 4.774 
460.0 8.33% 9.204 8.442 8.177 8.378 8.288 7.444 7.20% 7.376 7.474 7.094 4.973 8.760 6.434 4.60% 6.642 4.449 
600.0 7.9%0 8.79% 8.0%9 7.816 8.010 7.926 7.138 4.899 7.06% 7.162 8.789 0.471 0.440 8.361 6.383 4.284 6.387 

C3;; 

..*.+~.*~+.t+.*.t*......*.*..**.**.***.*...**...*..*.~**~..*****.*..*.*****~*~*.*****.*****.*.*...*.******************.**.*.**..**.* 
WA Rl Tc BA LA PB SH CD ED ‘RI LU TA RE lx AU PB BI Tll 

60 62 68 67 69 42 84 67 es 71 73 76 77 79 82 83 so S2" 
*....****.U*+*C++~*.*~~.*......*~.*.**.....*...~.....**~.***.****~***.**.**..***********..***.~*.*.....*****~**...***...*..**~**.~* 

37.10 36.37 36.41 36.46 36.32 33.29 32.26 30.46 29.79 29.00 28.44 27.97 26.96 24.41 24.32 24.38 26.29 
38.7% M.98 37.01 37.2% 38.98 34.96 33.90 32.11 31.47 20.48 30.11 23.43 28.42 28.26 27.93 28.00 24.81 

;;33 

39.7% 37.96 37.9% 38.24 313.01 36.99 34.94 33.20 32.68 31.79 31.22 30.76 29.74 29.3% 29.02 29.09 27.83 

t:: 40.33 40.40 38.63 38.81 3a.66 JB.43 38.81 39.09 38.42 38.96 58.43 30.99 36.69 36.9% 33.89 34.31 33.29 33.74 32.62 32.97 31.94 32.41 31.48 31.96 30.99 30.60 30.10 30.69 30.22 29.76 30.29 23.82 28.61 28.96 ;;h; 28.42 

2: 40.48 40.41 30.90 38.86 39.8% 38.92 39.1% 39.13 39.04 39.07 37.16 37.1% 38.13 34.1% X.63 34.41 33.98 34.09 33.36 33.23 32.60 32.47 32.23 32.37 31.29 31.46 30.89 31.0% 30.62 30.47 30.68 30.74 29.23 29.37 28.89 
40.44 38.70 38.71 38.9% 38.92 37.08 34.10 34.69 34.09 33.37 32.83 32.40 31.61 31.12 30.73 30.79 29.42 :;S'C' 

IO.19 3a.44 30.49 38.76 38.72 36.92 36.96 34.49 34.01 33.31 32.77 32.3% 31.49 31.10 30.71 30.77 29.40 29:06 
39.49 38.20 38.22 38.48 38.4% 38.70 36.76 34.34 33.87 33.18 32.4% 32.26 31.41 31.03 30.43 30.70 29.32 28.98 

t:: 39.19 38.42 37.66 36.42 37.67 56.84 37.82 37.10 37.86 37.16 36.1% 36.63 36.26 34.46 33.38 33.91 33.47 32.98 32.82 32.36 32.31 31.8% 31.93 31.49 31.12 30.72 30.38 30.7% 30.36 29.97 30.42 30.03 29.06 28.89 28.72 28.36 

:i.: 
12:o 

37.42 30.81 36.07 36.30 36.09 36.33 38.34 36.67 38.41 36.47 34.86 34.17 34.01 33.36 32.81 32.21 32.43 31.46 31.83 31.27 31.36 30.82 31.00 30.48 30.2% 29.77 29.93 29.4% 29.63 29.06 29.69 29.11 28.2% 27.81 27.96 27.60 
36.01 34.66 34.68 34.82 34.93 33.48 32.49 31.80 31.2% 30.71 30.27 29.94 29.27 28.98 28.66 28.42 27.34 27.04 

it-: 26.06 
26:0 

33.76 30.64 32.41 29.36 32.44 29.39 32.47 29.40 32.82 29.78 31.61 28..84 Z-W.79 28.02 29.83 27.21 29.64 24.98 24.6% 29.04 28.04 24.21 28.36 16.96 27.76 26.44 27.49 26.23 27.09 24.86 27.16 24.91 26.94 23.82 
27.93 24.46 26.90 27.10 27.29 28.28 26.73 26.03 24.84 24.47 24.16 23.94 23.49 23.31 22.98 23.01 22.01 :f.;; 

ii:8 26.79 24.01 24.8i 23.10 24.80 23.16 26.04 23.32 26.24 23.63 24.33 22.49 23.83 22.23 23.22 21.89 21.64 23.06 22.72 21.24 22.44 20.98 22.24 20.81 21.84 20.44 21.69 20.32 21.3% 20.00 21.41 20.06 20.49 19.19 20128 19.00 

E:i 22.60 21.30 21.46 20.41 21.71 20.4% 21.87 20.62 22.07 20.82 21.29 20.10 20.88 19.71 20.38 19.26 20.26 19.13 19.97 18.8% 19.74 18.4% 19.68 18.61 19.24 18.20 19.13 18.11 18.83 17.82 18.88 17.8% 17.11 18.06 17.90 

lm:o E-"o 

20.08 IS.33 19.38 19.63 19.73 19.06 18.49 18.27 18.18 17.92 IT.71 17.68 17.29 17.21 16.93 id.98 14.2% ;;.71” 

19.09 18.22 IT.64 18.38 18.44 17.40 18.68 17.73 18.77 17.92 14.13 it.32 17.79 14.99 17.40 18.43 17.30 14.64 17.08 14.33 18.88 14.7% 16.49 14.41 16.16 16.19 16.62 14.14 14.02 16.77 16.70 16.46 16.49 14.86 ;t!;: 

2: 
8010 

17.44 14.74 14.79 10.12 la.86 14.17 14.98 10.30 14.48 17.1% 14.69 16.93 14.28 16.44 16.94 16.31 16.86 16.24 16.86 16.06 16.48 14.88 16.37 14.78 16.13 14.66 16.07 14.49 14.82 14.2% 14.8% 14.30 14.26 13.71 14.12 13.68 
16.63 14.9% 16.01 16.13 16.30 14.80 14.63 14.24 14.17 14.00 13.86 13.76 13.64 13.49 13.28 13.31 12.77 12.46 

10": 14.62 13.%% i3.9S 13.17 14.04 13.22 14.16 13.32 13.49 14.32 13.86 13.06 13.61 12.82 13.34 12.67 13.28 12.62 13.12 12.38 12.98 12.24 12.89 12.1% 12.70 11.98 12.49 11.94 12.46 11.76 12.49 11.78 11.98 11.31 11.87 11.21 

160.0 i.2; 9.94 9.84 t.::: :% 9.64 9.61 9.3% 9.39 9.01 0.94 
200.0 

7:61 
8.44 8.36 

7132 7131 
8.11 

?E 
7.9% 7.99 7.88 7.42 

260.0 7.62 7.43 7.23 7.06 7.08 7.03 8.81 
300.0 6.8% a.47 0.79 4.49 a.48 4.41 %:6% 4.4% a.43 4.23 
350.0 4.38 4.39 4.32 4.23 a.22 4.16 4.11 4.01 

:-z: 
. 6.99 6.80 

400.0 4.48% 6.247 6.203 a.224 6.318 4.176 a.113 4.011 4.017 6.961 6.847 6.46% 6.79% 6.76% 6.%%% 6.484 6.640 6.471 
460.0 4.106 6.967 6.897 6.917 4.007 6.872 6.813 6.717 6.723 6.461 6.682 6.671 6.616 6.477 6.410 6.34% 6.208 
600.0 6.9W 6.70% 6.460 6.449 6.766 6.027 6.670 6.479 6.446 6.42% 6.361 6.341 6.288 6.262 

LX;; 
6.188 6.144 4.996 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

142 
nAUGE II InITS OF nG/SQ CH ID IOPS 

60 

E/A en 
4 gc 12 

n.T AL SI CA n CR FE II W GE SE SR m Ho RR 
13 14 20 22 24 29 28 23 32 34 38 40 42 46 4:5 

*.**...*.**.**....*****.***~~.***.*.*.*******...*.~******~.*******..*.**~*.***~*.*.*****.~**.*.**.**.**********.*******.**..***~.*** 

$2 (1.238 6.880 8.100 6.440 7.982 a.624 7.960 6.644 7.620 8.393 6.966 9.928 10.818 9.690 10.201 11.384 10.680 11.802 10.960 12.234 11.220 12.666 12.000 13.426 13.901 12.400 12.938 14.488 13.160 14.720 16.001 13.370 13.774 16.680 14.130 16.980 

::: 6.810 7.396 6.769 7.413 10.217 9.397 10.316 9.427 10.141 9.266 10.893 11.868 11.933 13.046 12.660 13.712 13.003 14.197 13.462 14.680 13.887 16.166 14.819 16.197 16.366 16.810 16.998 17.466 16.247 17.763 16.684 18.143 17.327 19.027 17.674 19.239 
4.6 8.006 8.097 11.077 11.216 11.027 12.830 14.162 14.676 16.392 16.897 16.460 17.671 18.249 16.967 19.248 19.690 20.703 20.880 

6.0 8.633 6.764 11.961 12.130 11.926 13.812 16.289 16.048 16.694 17.119 17.760 18.948 19.689 20.447 20.743 21.236 22.368 22.634 
6.6 9.280 9.466 12.641 13.069 12.838 14.809 16.428 17.232 17.807 16.349 19.066 20.332 21.136 21.933 22.243 22.763 24.029 24.180 
6.0 9.946 10.203 13.746 14.004 13.766 16.814 17.682 18.429 19.032 19.691 20.3B6 21.728 22.693 23.426 23.762 24.339 26.691 26.633 
6.6 10.636 10.936 14.699 14.967 14.711 16.838 18.761 19.642 20.273 20.846 21.722 23.138 24.093 24.936 26.272 26.909 27.368 27.498 
7.0 11.346 11.667 16.610 16.948 16.673 17.876 19.938 20.871 21.62s 22.116 23.072 24.662 26.646 26.466 26.806 27.486 29.036 2S.171 

8.0 12.83 13.24 17.66 17.96 17.66 20.01 22.37 23.38 24.09 24.71 26.62 27.46 26.67 29.66 29.92 30.69 32.42 32.67 
9.0 14.39 14.86 19.66 20.06 19.70 22.21 24.87 26.97 29.73 27.39 28.64 30.44 31.66 32.71 33.11 33.97 36.67 36.03 

10.0 16.03 16.66 21.64 22.23 21.82 24.49 27.46 28.63 2S.46 30.10 31.64 33.49 34.83 36.96 39.37 37.32 39.38 39.67 
11.0 17.76 16.32 23.80 24.47 24.01 29.83 30.11 31.38 32.24 32.91 34.62 39.62 38.09 39.27 39.71 40.76 42.96 43.19 
12.0 19.67 20.16 29.03 29.79 29.26 18.26 32.86 34.20 36.11 36.79 37.66 39.84 41.41 42.67 43.13 44.26 49.62 46.89 

16.0 26.46 26.09 35.17 34.22 33.62 38.94 41.66 43.16 44.20 44.91 47.26 49.99 61.95 63.39 63.90 66.29 68.06 68.60 

:i:: 
36.79 37.36 46.62 48.06 47.02 61.19 67.63 69.64 SO.93 61.53 44.98 66.68 71.16 72.93 73.62 76.36 78.74 79.66 
49.94 60.26 61.60 93.69 62.23 67.18 76.61 78.09 79.68 60.30 84.69 69.21 92.61 94.64 95.20 97.49 101.44 102.74 

2: 
84.62 94.76 78.34 81.03 79.09 84.83 96.43 98.32 100.08 100.76 106.32 111.83 116.66 118.17 118.89 121.64 124.12 127.98 
81.37 80.76 S8.67 100.01 97.64 104.08 117.03 120.38 122.37 122.98 129.81 134.36 141.18 143.76 144.62 147.73 162.73 166.21 

99.62 96 23 116.66 120 66 117 61 124.86 140.33 144.17 146.39 146.90 166.08 142.74 146.39 171.23 172.02 175.72 181.22 184.39 
2:: 119.23 117'12 137 93 142'68 138'97 147.19 166 30 169 63 172 OS 172 48 182 10 190.92 197.46 200.63 201.36 206.64 211.64 216.46 
60.0 140.44 137137 160:76 166:26 141:68 170.99 191:66 196:72 199:42 199:66 210:80 220.66 226.31 231.62 232.46 237.16 243.66 246.33 
66.0 143.12 166.96 186.00 191.33 164.18 194.14 220.03 226.40 228.33 228.41 241.16 262.49 290.91 294.46 266.29 270.49 277.49 263.00 
60.0 187.23 181.86 210.61 217.79 211.66 222.71 249.70 266.42 268.79 266.69 n3.10 286.79 296.21 298.97 299.81 306.63 313.03 319.39 

46.0 212.7 204.0 237.4 246.6 238.9 260.6 260.9 287.4 290.8 290.4 306.6 320.7 331.2 336.1 336.0 342.2 360.2 367.6 
70.0 239.4 231.4 266.6 274.6 297.2 279.9 313.6 320.4 324.2 323.7 341.7 367.2 398.6 372.9 373.7 380.6 389.1 397.2 
80.0 297.3 266.6 324.2 337.1 327.6 342.2 383.0 391.3 396.4 394.3 414.2 434.8 446.7 463.2 464.0 461.9 471.6 461.6 
90.0 360.1 344.6 3S1.6 404.6 392.9 409.6 468.0 487.6 472.1 470.6 496.6 618.4 634.7 639.4 640.3 649.3 680.0 672.1 

100.0 427.8 406.3 461.6 476.6 403.0 481.6 638.3 649.1 664.2 661.9 662.3 807.6 424.6 631.8 932.4 942.6 664.4 666.4 

834.4 767 1 877.4 306 4 876 7 306 2 1012.9 1031.0 1038.4 1031.6 1088.0 1133.2 1147.4 1174.0 1173.7 1190.0 1208.5 1233.7 
it::: 1342 7 1266:7 1390 1 1434'6 1392'6 1433'2 1696 7 1623 7 1632 1 1416 7 1707.2 1762.9 1818 9 1837 3 1836 3 1868 7 1874.2 1922.0 
260.0 1934:7 1797.6 1982:4 2046:O 1990:2 2038:s 2270:2 2313:6 2316:6 229412 2419.4 2466.6 2667:l 26Ol:O 2SSS:O 2632:l 2837.1 2712.3 
300.0 2601.8 2403.2 2643.3 2728.1 2966.6 2713.8 3320.3 3090.2 3074.0 3046.3 3211.6 3291.2 3399.1 3449.4 3440.7 3491.0 3464.2 3688.9 
360.0 3328.8 3063.7 3363.9 3472.0 3383.6 3446.9 3837.2 3938.4 3903.6 3862.6 4073.0 4169.7 4304.9 4371.4 4368.6 4424.0 4404.6 4640.8 

400.0 4110. 3773. 4137. 4237. 4714. 
460.0 4940. 4624. 4967. :::t 

6817. 6006: 
::"8; : ;;Wf. 6640. ii?%. I%: 

4738. 4996. 6106. 6273. 6368. 6341. 6422. 6369. 6666. 
6964. 6972. 9097. 6298. 8402. a380. 8478. 

600.0 6812. 6314. 6864. . 8613. 661s: 4714. 6836. 7004. 7139. 7374. 7497. 7469. 7684. :::: %i: 

. . ..***..*.*...*..*.*.*****..*...........**..****..***~*.*....*.**.***.***.****.*.*.**..*..*.~*...*...***..*.***.*.*****.**.***.*.~. 
E/A SI TE BA LA PFI tin GD It0 In LU TA RE In AU Fs BI ln 

60 62 64 67 69 62 64 47 69 71 73 76 77 79 82 93 so s2" 
I***..*l..i....l~.*****..***..*..*.**...**~~****.****..~**.*...*......***.**...*.*~***.**~..**.*...**.*******.***..***~*~.*.~.*****~ 

2.6 14.83 16.38 16.60 16.92 17.66 18.44 18.98 19.67 20.09 20.49 20.90 21.33 21.76 22.16 22.66 22.86 24.49 26.02 
3.0 16.70 17.34 18.66 18.86 19.61 20.62 21.12 21.94 22.40 22.67 23.32 23.73 24.31 24.73 26.27 26.46 27.21 27.77 
3.6 18.61 19.24 20.46 20.74 21.40 22.62 23.18 24.11 24.62 26.14 26.63 26.14 26.74 27.20 27.76 27.94 29.81 30.40 
4.0 20.28 21.09 22.31 22.68 23.26 24.47 26.20 26.23 26.77 27.34 27.68 26.42 29.10 29.68 30.18 30.36 32.33 32.96 
4.6 22.03 22.93 24.14 24.41 26.08 24.40 27.18 28.31 26.89 29.61 30.09 30.46 31.40 31.92 32.64 32.71 34.80 36.46 

2: 
23.76 24.76 26.97 26.22 26.90 28.32 29.16 30.37 30.99 31.46 32.27 32.87 33.46 34.23 34.68 36.04 37.24 37.92 
26.62 26.66 27.79 26.03 28.72 30.23 31.11 32.42 33.07 35.79 34.44 36.07 36.96 39.62 37.20 37.36 39.66 40.37 

6.0 27.26 28.41 29.42 29.86 30.64 32.14 X3.08 34.48 36.15 36.91 36.40 37.26 38.20 36.60 39.61 39.66 42.07 42.81 
6.6 29.04 30.26 31.46 31.68 32.37 34.06 36.06 36.63 37.24 38.04 38.74 39.46 40.46 41.09 41.82 41.97 44.49 46.26 
7.0 30.81 32.10 33.31 33.62 34.21 36.99 37.03 36.69 39.33 40.18 40.93 41.66 42.71 43.37 44.14 44.26 48.91 47.70 

8.0 34.40 36.66 37.06 37.24 37.93 39.88 41.03 42.76 43.66 44.46 46.30 46.07 47.26 47.97 46.79 48.92 61.77 62.62 
9.0 38.06 3S.67 40.08 41.03 41.71 43.64 46.09 49.97 47.62 46.64 49.73 60.66 61.64 62.61 63.60 63.62 66.69 67.69 

10.0 41.79 43.66 44.77 44.69 46.66 47.88 49.23 61.26 62.16 63.24 64.22 66.10 66.60 67.32 66.27 68.38 41.67 62.64 
11.0 46.41 47.64 48.76 48.84 49.52 61.99 63.44 66.63 66.68 67.76 68.79 69.71 41.23 62.10 93.12 93.22 68.74 67.76 
12.0 49.61 61.61 62.81 62.86 63.64 66.19 67.74 60.08 61.06 62.34 83.44 84.42 64.04 66.96 66.06 88.14 71.89 72.98 

16.0 41.73 64.34 66.63 66.52 90.12 69.31 71.17 73.98 76.10 76.61 7-7.90 79.04 60.99 82.06 83.37 83.42 87.66 89.14 
20.0 63.66 87.40 88.66 88.38 88.86 92.98 96.37 98.91 100.27 102.20 103.84 106.23 107.73 109.04 110.76 110.74 116.44 118.03 
26.0 108.21 112.72 113.64 113.46 113.80 il6.69 121.86 126.14 127.72 130.08 132.09 133.74 136.81 138.34 140.49 140.42 147.60 149.39 
30.0 134.69 140.26 141.32 140.76 140.87 147.00 160.66 166.62 167.42 160.22 162.61 164.63 168.18 169.94 172.68 172.44 180.96 183.20 
36.0 143.24 149.93 170.94 170.16 170.03 177.24 161.42 167.28 189.30 192.66 196.36 197.66 201.81 203.78 206.96 206.73 216.79 219.39 

40.0 193.8 201.7 202.4 201.6 201.2 209.6 214.4 221.1 223.3 227.1 230.3 232.6 237.6 239.8 243.4 243.3 264.9 267.9 

ii.: 
226.3 236.6 236.3 236.1 234.4 243.9 249.4 266.9 269.4 293.6 267.3 270.1 276.6 276.0 262.3 281.9 196.3 298.7 

s5:o 
260.8 271.3 272.0 270.6 269.4 280.2 266.4 294.8 297.6 302.2 306.4 309.4 316.6 318.2 323.2 322.7 337.9 341.7 
297.0 308.9 309.6 307.8 306.3 316.4 326.4 334.7 337.6 342.8 347.4 360.8 367.7 360.6 396.2 365.6 352.4 386.8 

60.0 336.1 346.6 349.0 346.9 346.0 368.6 396.2 376.4 379.6 386.4 390.6 394.2 401.8 404.7 411.1 410.4 429.4 434.0 

46.0 376.0 369.9 390.3 387.8 366.6 400.4 408.9 420.1 423.4 419.6 436.4 439.4 447.7 460.9 466.0 467.2 476.2 483.3 
70.0 416.4 433.0 433.3 430.6 427.8 444.1 463.4 496.6 469.1 476.0 482.2 486.6 496.6 499.0 606.9 506.9 629.1 634.6 
60.0 604.7 624.6 624.6 621.1 617.3 636.7 647.7 661.8 666.9 673.9 681.2 666.3 696.9 900.6 610.2 609.0 634.6 843.0 

,E?: 
699.4 622.8 622.4 616.2 613.3 636.9 646.6 664.9 669.6 678.6 987.2 693.0 706.2 709.3 720.7 719.2 761.4 769.0 
700.3 727.6 726.7 721.7 716.6 741.6 764.3 774.4 779.7 790.3 799.9 806.6 820.6 824.9 638.1 836.3 673.6 882.2 

160.0 1291. 1340. 1337. 1327. 1313. 1369. 1386. 1416. 1422. 
::2 

1467. 1467. 1491. 1497. 
:::i : 

1616. 1684. 1698. 
200.0 2010. 2086. 

?ss:. %T:: %b:. 2110. 3. 
2191. 2201. 2262. 2246. 2302. 2311. 2342. 

cc: 
2634. 2941. 

360: 0 
3761. 3689. 3639: 3872. 3821: 22:: 4000' 2%x: z2 

3132: 3188. 3146. 3233. 2423. 2:. 3247. 3299. 3290. 3379. 
4133. 4166. 4206. 4362. 4340. 4437. 4644: 

4746. 4918. 4940. 4909. 4843. 4986. 6066: 6160. 6169: 6218. 
;:f+. 4284. 

6286. 6309. . 6407. 6494. 6477. 6663. 6726. 

400.0 6808. 
460.0 8931. m. 

6936. 6103. 4297. 6306. 

8109. 8400: 
%A: 6017. 

6164. 
7188. 7099. 7283. 7376. 7603. 7617. %E a442. 

8467. 6566. 6906. 6711. 6691. 8806. 6966. 

8803: 
7704. 7731. 7626. 7872. 7997. 7972. 6098. 8319. 

600.0 8467. 6416. 6299. 86x9. 8026. 8779. 8766. 9004. 9034. 9140. 9196. 9342. 9313. 9460. 9712. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

15.94 17.17 16.68 16.21 16.69 16.31 13.77 13.67 13.61 13.86 12.96 12.47 12.11 12.09 12.12 11.99 11.94 
13.22 14.46 13.21 12.80 13.12 12.91 11.60 11.39 11.43 11.66 l;.;; '"9.;; 10.44 
11.62 12.74 11.67 11.31 11.67 11.42 '"9.;; 9.98 10.13 10.26 

a:as a:71 
9.26 

'"9.~2: 10.26 1Og.g '"9.;; 
9.11 

;;.i"e 1"g.X; lOg.2; 1Og.;; 10.38 
9:66 

8.99 9.22 
xz 5% 

8127 9.30 a:17 8:28 
9.61 8.34 8.54 . a.21 8.08 . 7.67 7.71 7.68 7.69 

400.0 ;.g '"9.caf 
rt;: 

8.91 9.13 9.03 8.13 7.94 8.13 7.72 7.69 7.36 7.22 7.26 7.13 7.23 

iTi::: 8:23 a:09 a:34 
8.46 8.66 8.56 7.71 7.46 ?% 

7129 
7.72 

5% CE 
6.97 6.86 6.89 6.78 6.87 3% 

8.08 8.28 8.19 7.38 7.13 7.39 . . 6.67 6.66 6.69 6.49 6.68 6:37 

~*....+.....*.....*.*.**..**.*~*~**.****~...*.**....*.*.*****.......****..*..**...**.~*.*..*******..****..*****.***.*.*.~***..*..*** 
S/A 51 T-5 BA LA PR SH GO 80 ll! LU 73TA 76RE ,,IR ,6AU g2pB 63BI goTH g2U 

60 62 66 67 59 62 84 67 69 71 
..~*.+.**..**.**.C*+***..**.*..*.*******~*.*..**.****.*.*..*.~***.********.****.**.*******.***.******..~.***..~*.*~***~.***~..**..*. 

37.66 36.91 36.96 3G.20 35.86 33.80 32.76 30.91 30.24 23.44 28.88 28.40 27.37 27.01 26.72 26.79 26.67 26.37 
39.39 37.68 37.61 37.87 37.68 35.61 34.44 32.63 31.98 31.17 3Q.69 30.11 29.08 28.70 28.38 28.46 27.24 28.92 
40.43 39.60 38.63 38.89 38.66 38.60 36.63 33.76 33.12 32.32 31.74 31.26 30.24 29.86 29.50 29.57 g.;J :;.g 
41.04 39.20 39.22 39.49 39.30 37.27 38.21 34.48 33.67 33.08 32.50 32.03 31.03 30.63 30.26 30.33 
41.34 39.61 39.53 39.80 39.65 37.66 36.60 34.92 34.34 33.66 32.99 32.62 31.64 31.14 30.76 30.83 29:47 29:13 

::: 
::5 
4.6 

i:: 
%:H 

t-i 
l&O 
11.0 
12.0 

16.0 

iii*: 
3o:o 
36.0 

2:: 

it: 
so:0 

66.0 

2.: 
so:0 

100.0 

160.0 
200.0 
250.0 

z?i:: 

EP 
5oo:o 

41.43 39.62 39.64 39.90 39.79 37.83 36.79 36.17 34.61 33.84 33.27 32.82 31.86 31.46 31.07 31.14 29.76 29.41 
41.38 38.69 39.60 39.87 39.78 37.86 38.84 36.26 34.73 33.88 33.42 32.97 32.04 31.64 31.26 31.31 29.92 29.67 
41.22 39.46 39.46 39.73 39.67 37.79 3G.79 36.26 34.74 34.01 33.46 33.02 32.11 31.71 31.31 31.38 29.98 29.63 
40.88 39.23 39.26 39.61 39.48 37.64 38.66 36.17 34.67 33.96 33.41 32.99 32.10 31.71 31.30 31.37 29.97 29.62 
40.69 38.96 38.98 39.24 39.23 37.43 38.46 36.02 34.64 33.84 33.31 32.89 32.03 31.64 31.23 31.30 29.90 29.66 

40.00 38.32 38.34 3a.60 38.62 36.90 36.96 34.80 34.16 33.49 32.97 32.67 31.76 31.38 30.97 31.03 29.64 29.30 
39.23 37.60 37.62 37.87 37.93 56.27 36.37 34.08 33.67 33.03 32.63 32.16 31.36 31.01 30.69 30.66 29.28 28.96 
38.43 38.84 36.86 37.12 37.19 35.60 34.73 33.51 33.12 32.60 32.02 3l.N 30.91 30.67 30.16 30.22 28.86 28.64 
37.62 34.08 36.10 38.36 36.46 34.91 34.08 32.91 32.64 31.96 31.49 31.14 30.42 30.09 29.68 29.74 28.41 28.09 
36.82 36.32 36.36 36.69 36.70 34.22 33.42 32.30 31.86 31.39 30.94 30.80 29.91 29.00 29.19 29.26 27.94 27.83 

34.64 33.16 33.19 33.43 33.68 32.23 31.60 30.62 Jo.22 29.71 29.30 29.01 28.39 28.12 27.71 27.77 26.64 28.26 
31.29 30.06 Jo.11 30.32 jo.60 29.33 28.70 27.87 27.64 27.20 2G.84 26.69 26.06 26.84 26.46 26.61 24.39 24.13 
28.64 27.64 27.68 27.78 27.98 26.94 26.38 26.66 26.47 26.08 24.76 24.64 24.08 23.90 23.64 23.69 22.66 22.33 
24.47 26.46 25.61 26.69 26.90 24.96 24.46 23.82 23.66 23.31 23.02 22.82 22.40 22.26 21.91 21.SG 21.02 20.80 
24.66 23.72 23.77 23.96 24.16 23.29 22.83 22.26 22.11 21.80 21.64 21.36 20.98 20.86 20.63 20.68 19.70 19.60 

23.11 22.24 22.30 22.46 22.67 21.87 21.44 20.93 20.80 20.62 20.27 20.11 19.76 19.66 19.34 19.39 18.67 18.38 
21.09 20.98 21.03 21.19 21.39 20.66 20.26 19.78 19.66 19.40 19.17 19.02 18.70 18.60 18.31 18.36 17.68 17.41 
20.64 19.87 19.93 20.08 20.28 19.68 19.21 18.78 18.67 18.42 18.21 18.07 17.77 17.69 17.41 17.46 16.72 16.66 
19.03 18.90 18.96 19.10 19.30 18.66 18.29 17.89 17.79 17.66 17.38 17.23 16.95 16.87 16.61 16.66 16.95 15.80 
18.74 18.06 18.10 18.24 18.44 17.81 17.48 17.10 17.01 16.80 16.60 16.48 16.22 16.16 16.89 16.93 16.27 15.13 

17.94 17.28 17.33 17.47 17.66 17.07 16.76 16.40 16.31 16.11 16.93 16.61 16.66 16.60 16.26 16.29 14.66 14.62 
17.23 16.69 16.66 16.77 16.96 16.40 16.10 16.76 16.68 16.49 16.32 16.2i 14.97 14.91 14.67 14.71 14.10 13.98 
16.99 16.40 16.46 16.68 16.76 15.24 14.96 14.66 14.69 14.42 14.28 14.M 13.94 13.89 13.67 13.71 13.14 13.03 
14.96 14.41 14.46 14.67 14.76 14.27 14.01 13.74 13.67 13.62 13.37 13.28 13.08 13.04 12.83 12.86 12.34 12.23 
14.08 13.67 13.62 13.72 13.89 13.44 13.21 12.96 12.90 12.75 12.61 12.63 12.34 12.30 12.11 12.14 11.66 11.64 

l;.:i 10.16 
7176 

l;.;:, 
7176 S*!? 

'"8.;; 
7:66 

ix 
7: 66 

"8% 
7146 

9.81 8.36 9.66 a.22 

6.63 7: 01 
7.41 

Xi 3% 6.91 6.43 ::2 6.36 6.83 6.31 6.78 6:21 x45 

6.703 6.474 6.408 6.429 6.626 6.379 6.316 6.210 6.216 6.146 6.000 6.049 5.987 6.946 6.663 6.872 6.826 6.661 
6.371 6.164 6.093 6.113 6.206 6.086 6.006 6.907 6.913 5.849 6.766 6.766 6.697 6.669 6.671 6.669 6.644 5.380 
6.102 6.896 6.838 6.867 6.946 6.814 6.766 6.661 6.668 5.600 6.529 6.518 6.463 6.427 6.343 6.360 5.316 6.161 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

6LECTROIIi: 6TOPPIlG POWER U UlITS OF HEV/(HG/Sq at) 
145 

Pn 106s 
61 

WA ffi 
dC 12 

I(; AL SI CA l-I cn PE II W GE SE SR zlt HO nn 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4:" 

. . . . . . ..***.......*.***.*~**.~~*.*....******...*.*~....*..*.*********.*..*.......*.*..*.~*.~..**.*.**.......*~...*.~**...*..**..*... 
131.2 108.5 63.1 47.1 

i:.: 
:E 

66:8 
3 * 

2.; 
66.8 62.6 E:f 469 

::: 
114.1 104.4 66.6 62.4 60.1 

56.1 62.1 Et 
64.0 

2.: 
23 

64.0 
63.4 5o:e . EZ 

z.; 
47:4 

t:: 
96.69 91.52 73.60 70.64 72.13 66.99 68.84 66.91 66.77 66.27 62.06 49.37 47.44 46.37 46.02 44.74 42.44 42.28 
SO.81 87.66 7O.SG Oa.16 69.64 64.88 67.08 66.28 64.22 63.82 60.72 48.14 46.31 46.31 46.00 43.78 41.70 41.42 

2.: 
86.46 84.07 6a.48 65.81 87.30 62.87 86.39 53.70 62.72 62.39 49.39 48.92 46.17 44.24 43.96 42.80 40.91 40.64 

1210 
82.63 80.78 66.18 63.63 65.11 80.97 63.78 62.19 61.27 61.00 48.10 46.73 44.06 43.18 42.92 41.63 40.10 39.88 
78.M 77.76 84.03 61.69 03.06 69.18 62.26 60.76 49.89 49.67 46.86 44.68 42.97 42.16 41.92 40.88 39.29 38.80 

Z-8 
70.17 69.97 68.42 66.26 67.67 64.41 48.16 48.87 46.16 46.06 43.47 41.42 39.99 39.31 39.12 38.21 36.96 38.36 

25:o 
69.67 60.28 61.20 49.37 60.69 49.11 42.71 41.67 41.11 41.11 38.86 37.08 36.86 36.34 36.21 34.47 33.63 32.87 
62.06 63.23 46.79 44.19 46.42 43.30 38.62 37.64 37.19 37.24 36.21 33.66 32.68 32.17 32.09 31.46 30.72 30.08 

2:: 
48.48 47.88 41.66 40.14 41.29 39.49 35.19 34.43 34.06 34.14 32.30 30.90 29.94 29.80 29.64 28.99 28.40 27.76 
42.12 43.62 38.17 38.88 37.97 38.41 32.48 31.81 31.49 31.0 29.90 28.63 27.76 27.48 27.44 28.96 26.46 26.84 

40.0 38.62 40.19 36.36 34.20 36.22 33.86 30.23 29.62 29.34 29.47 27.90 28.73 26.92 26.69 26.66 26.23 24.80 24.21 
46.0 36.74 37.34 33.04 31.96 32.91 31.69 28.32 27.77 27.63 27.68 26.19 25.11 24.36 24.16 24.14 23.76 23.37 22.82 

ii-: 
33.33 34.93 31.04 x).03 30.94 29.83 28.68 26.18 26.96 26.10 24.72 23.71 23.01 22.84 22.83 22.47 22.13 21.61 

6o:o 
31.28 32.88 29.31 28.37 29.24 28.23 26.26 24.80 24.80 24.76 23.44 22.49 21.83 21.68 21.68 21.35 21.04 32.66 
29.60 31.09 27.80 20.92 27.74 28.82 24.01 23.68 23.40 23.66 22.31 21.42 10.79 20.68 20.67 20.36 20.08 19.61 

66.0 27.96 29.53 26.47 26.63 28.43 26.67 22.91 22.61 22.34 22.49 21.31 20.46 19.87 19.76 19.78 19.48 19.22 18.77 
70.0 26.69 28.14 26.29 24.49 26.26 24.46 21.92 21.64 21.39 21.64 20.42 19.81 19.04 18.94 18.96 18.69 18.44 18.02 

it: 
24,30 26.81 23.28 22.66 23.26 22.66 20.23 19.89 19.77 19.92 18.88 18.14 17.62 17.64 17.66 17.32 17.10 16.72 

1oo:o 
22.44 23.90 21.62 20.96 21.61 20.99 18.84 18.63 18.42 18.67 17.61 16.92 16.44 16.38 16.39 16.19 16.98 16.84 
20.90 22.32 20.24 19.62 20.23 19.67 17.66 17.36 17.29 17.43 16.63 16.90 16.44 16.39 16.41 16.22 15.04 14.72 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

146 
RAlGE II UIITS OF ffi/StJ QI Pa 101s 

61 

VA BE 
SC 12 

ni AL SI CA II CR F-5 III W GE SE SR zrt HO iui 
4 13 14 20 22 24 26 28 29 32 34 36 40 42 46 4:G 

..**..**.....1+.1..*..**.*..*..*.***..**..~*....*.**.**...*.*...**....*.*......**..***.*.....~..***...*.~.**.**...***.**.~~.**..**.. 

2: 
6.720 6.470 7.731 7.710 7.670 9.019 9.760 10.273 10.660 11.050 11.300 12.080 12.490 13.026 13.230 13.448 13.868 14.220 
6.276 6.133 8.676 a.697 6.447 9.997 10.693 11.462 11.677 12.309 12.644 13.612 13.999 14.663 14.808 16.087 16.676 16.976 

:.i 
6.949 6.794 9.421 9.462 9.320 10.964 12.011 12.632 13.oB3 13.642 13.968 14.911 16.468 16.098 16.342 16.677 17.427 17.661 

4:6 
7.437 1.460 10.272 10.373 10.199 11.932 13.127 13.797 14.260 14.764 16.260 16.294 16.918 17.692 17.862 18.241 19.133 19.361 
8.044 8.136 11.134 11.276 11.066 12.906 14.247 14.964 16.479 16.986 16.669 17.671 18.361 19.077 19.362 19.793 20.816 21.006 

lt:: 
6.669 8.622 12.009 12.190 11.986 13.890 16.376 16.139 16.663 17.209 17.862 19.062 19.806 20.661 20.861 21.342 22,484 22.666 
9.316 9.624 12.899 13.119 12.899 14.885 16.616 17.324 17.696 18.441 19.172 20.439 21.264 22.060 22.364 22.894 24.148 24.306 

t:: 1O:SSS 10'973 14'728 16'028 14 772 16'919 16 641 19'736 20'366 20'941 21:829 23'248 24 186 26’066 26 367 26'021 27'464 27 627 
9 980 10 241 13 806 14 066 13.826 lb 696 17.671 18 623 19 126 19 664 20 494 21 a37 22.714 23 647 23.866 24 462 25 814 26.962 

7.0 11.373 111723 16:66a 16:OOS 16:734 17:969 20:028 20:966 21:623 22:212 23.180 241674 26:671 26:679 26:923 27:603 2S:l62 29:304 

:*: 
12.86 13.27 17.60 16.02 17.71 20.09 22.46 23.48 24.19 24.80 26.93 27.68 26.69 29.67 30.04 30.81 32.66 32.70 

1o:o 
14.40 14.69 19.61 20.11 19.76 22.29 24.96 26.06 26.82 27.48 28.76 30.66 31.79 32.83 33.23 34.09 36.00 36.17 
18.04 16.68 21.69 22.26 21.87 24.66 27.64 28.72 29.64 30.19 31.66 33.60 34.96 36.07 36.49 37.44 39.61 39.70 

11.0 17.76 18.34 23.64 24.62 24.06 26.90 30.19 31.46 32.33 33.00 34.62 36.73 38.21 39.39 39.83 40.86 43.09 43.32 
12.0 19.66 20.17 26.07 26.84 26.33 29.32 32.93 34.28 36.19 36.88 37.66 39.94 41.64 42.79 43.24 44.37 46.74 47.02 

16.0 26.41 26.08 33.19 34.24 33.66 36.99 41.61 43.21 44.26 44.98 47.32 60.07 62.04 63.48 63.99 66.38 68.16 68.61 

E-8 
36.67 37.26 46.48 10.03 46.99 61.19 67.63 69.66 80.94 61.67 66.00 66.60 71.22 72.96 73.66 75.39 76.78 79.61 

3010 
49.72 50.11 61.49 63.68 62.13 67.11 76.63 77.98 79.61 60.23 8Q.63 69.16 92.46 9Q.49 96.16 97.44 101.39 102.70 
64.49 64.60 78.13 80.82 76.90 64.66 96.26 98.16 99.91 100.69 106.16 111.66 116.70 116.01 118.73 121.47 126.96 127.82 

36.0 80.90 80.39 Se.36 9B.69 97.23 103.80 116.72 120.08 122.07 122.0 129.60 136.06 140.87 143.46 144.21 147.43 162.43 164.92 

96.89 97 72 116.10 120 12 117.07 124 47 139 86 143 72 146 94 146 46 164.63 162 27 167.93 170 76 171 66 176.26 180 76 183 92 
2:: 118.42 116’46 137 32 142’06 138 38 146’63 164’68 169’01 171’47 171’87 181.46 190’27 196 80 199’88 x)0:70 204 68 210'89 214’79 
50.0 139.44 136:64 169:Sa 166:46 16l:ll 170122 191:07 196:Sl 198:60 198:67 209.97 220:00 227:44 230:76 231.60 236:28 242178 247:46 
66.0 161.91 167.96 184.03 190.34 166.23 196.22 219.00 224.38 227.30 227.40 240.10 261.41 269.81 263.36 284.20 269.39 276.36 281.87 
60.0 186.79 180.64 209.44 216.69 210.70 221.68 246.46 264.37 267.63 267.46 271.81 264.46 293.86 297.62 298.46 304.17 311.67 318.01 

66.0 211.0 204.6 236.2 244.2 237.6 249.3 279.4 286.8 289.2 289.0 306.1 319.1 329.6 333.5 334.3 340.6 348.6 366.8 
70.0 237.6 229.7 264.2 273.1 266.6 278.3 311.7 318.8 322.4 321.9 339.8 356.3 386.8 371.0 371.8 376.6 387.1 396.2 

Lz: 
294.9 263.6 324.0 334.9 326.6 340.1 380.7 588.9 393.0 392.0 413.8 432.3 446.1 460.6 461.4 469.3 468.8 478.9 

1oo:o 
366.9 342.1 386.7 401.7 390.2 406.8 466.0 464.6 469.0 467.4 493.4 616.1 631.4 638.3 636.9 646.9 666.6 666.6 
423.9 404.9 468.1 473.2 469.6 478.2 634.6 646.3 660.4 648.1 678.4 603.6 622.4 627.7 628.2 636.4 660.2 664.3 

160.0 626.2 779.8 MS.6 897.7 671.2 900.6 1004.6 1022.6 1029.9 1023.1 1079.1 1124.0 1168.1 1164.6 1164.3 1180.5 1199.0 1224.0 
200.0 1328.9 1243.4 1377.0 1421.1 1379.6 1420.1 1682.1 1608.9 1617.3 1604.2 1691.8 1747.1 1802.7 1821.0 1819.0 1842.3 1867.7 1906.1 
260.0 1916.1 1779.6 1962.8 2026.8 1970.6 2019.1 2249.3 2291.2 2293.3 2272.2 2396.4 2462.8 2642.6 2676.4 2571.6 2607.3 2812.4 2686.9 
300.0 2673.6 2376.1 1016.2 2700.2 2629.7 2686.4 2990.0 3069.2 3046.2 3014.9 3179.6 3268.6 3366.6 3416.3 3406.8 3466.6 X60.0 3663.8 
360.0 3292.1 3031.1 3328.6 3436.6 3348.0 3413.2 3797.6 3897.7 3683.4 3822.8 4031.3 4124.1 4261.0 4326.9 4314.3 4379.1 4360.0 4494.7 

KE z2 
3732. 4093. 4224. 41ia. 4192. 4663. 4796. 4740. 4688. 4943. 6061. 6218. 6302. 6286. 6366. 6333. 6601. 

6OO:O 6746: 
4476. ;;W;. 6'XM. 4936. 5018. 6679. 6746. 6668. 6603. 6906. 8032. 6232. (u34. 6312. 6409. 6363. 6664. 
6266. . 6939. 6792. 6864. 6641. 6741. 6641. 8664. 6920. 7062. 7296. 7428. 7388. 7603. 7442. 7679. 

..******C*..,.*..**l...**....*.******...*.**.*..*.***.*..~*..***..~~.**.~**......*.***.**..*.~.*..****....****~****~*.**.*..~..**..* 
E/A SI IS 81 LA PR Sn CD 80 YH LU IA RE IR AU PB BI M 

so 62 56 67 69 62 64 67 69 71 73 76 n 79 82 83 90 S2” 
. ..*~‘.*.*~**.*~....*.***...**..*****.........*.**...*....*..***....~.****.**.***...***..******...*..*.*..*...*~..**.*.*.**.~*..**** 

2.6 14.93 lb.49 16.72 17.04 17.67 18.67 19.11 19.81 20.22 20.62 21.03 21.46 21.89 22.29 22.81 23.00 24.66 26.18 

2: 
16.81 17.46 18.69 18.99 19.64 20.66 21.26 22.08 22.66 23.01 23.46 23.94 24.46 24.89 26.44 26.62 27.39 27.96 
le.62 19.36 20.69 20.88 21.64 22.67 23.33 24.27 24.77 26.29 26.79 26.30 26.90 27.36 27.94 26.12 30.00 30.69 

t:: 
20.40 21.22 22.46 22.73 23.40 24.63 26.36 26.39 26.93 27.60 28.04 28.69 29.27 29.78 30.36 30.64 32.63 33.16 
22.16 23.06 24.29 24.66 26.24 26.66 27.34 28.46 29.06 29.68 30.26 30.63 31.68 32.10 32.74 32.90 36.00 36.66 

ia: 
23.91 24.90 26.12 2t1.38 27.06 28.48 29.32 30.66 31.16 31.83 32.44 33.06 33.67 34.42 36.08 36.24 37.46 38.13 

e:o 
26.66 26.73 27.96 28.19 26.86 30.40 31.29 32.60 33.26 33.97 34.62 36.26 36.14 36.72 37.41 37.66 39.88 40.69 
27.42 28.66 29.79 30.01 30.71 32.31 33.26 34.66 36.34 36.10 36.79 37.46 38.40 39.01 39.73 39.88 42.30 43.03 

E 
29.18 30.40 31.63 31.64 32.64 34.24 36.23 X.72 37.43 38.23 38.96 39.65 40.66 41.29 42.04 42.19 44.72 46.48 
30.96 32.26 33.46 33.69 34.36 36.17 37.21 38.78 39.62 40.37 41.13 41.86 42.91 43.68 44.36 44.60 47.14 47.93 

"94 
34.66 36.01 37.23 37.41 36.11 40.07 41.22 42.96 43.74 44.68 46.60 46.28 47.46 46.18 49.02 49.16 62.01 62.86 

1o:o 
38.21 39.63 41.06 41.20 41.69 44.03 46.28 47.17 48.02 49.04 49.93 SO.76 62.06 62.63 63.73 63.86 66.93 67.83 
41.94 43.72 44.94 46.07 46.76 49.07 49.42 61.46 62.36 63.46 64.42 66.30 66.71 67.64 68.60 68.61 61.92 82.88 

11.0 46.76 47.70 48.92 49.02 49.69 62.18 63.63 66.83 66.77 67.96 68.99 69.92 61.44 62.32 63.36 83.46 66.98 Bs.00 
12.0 49.66 61.76 62.98 63.06 63.71 68.36 67.93 60.27 61.27 62.64 63.63 64.61 65.26 67.17 ea.27 68.37 72.12 73.20 

16.0 
20.0 

61.86 64.48 65.68 66.66 66.26 88.48 71.34 74.13 76.27 76.78 78.08 79.22 81.18 82.26 83.67 83.63 66.10 89.36 
83.94 67.47 88.64 88.47 88.96 93.08 96.46 99.01 100.38 102.31 103.96 106.34 107.86 109.17 110.88 110.88 116.61 118.18 

26.0 108.18 112.69 113.83 113.47 113.80 118.90 121.86 126.16 127.73 130.09 132.10 133.76 136.82 138.37 140.63 140.46 147.66 149.44 
30.0 134.64 140.10 141.19 140.63 140.76 146.88 160.43 166.60 167.30 160.10 162.49 164.41 168.06 169.83 172.47 172.34 180.87 163.10 
36.0 162.94 169.63 170.66 169.69 169.77 176.97 181.16 187.01 189.03 192.28 196.08 197.27 701.62 203.60 206.68 206.47 216.62 219.12 

ZE 
193.3 201.2 202.2 201.2 200.8 209.1 213.9 220.6 222.9 226.6 229.8 232.3 237.1 239.3 243.1 242.8 264.5 267.4 

Es 

226.7 234.8 236.7 234.4 233.7 243.2 246.7 266.3 268.7 261.9 266.6 269.4 274.9 277.3 281.6 281.2 294.6 298.0 
269.9 270.3 271.1 169.6 268.6 279.3 286.6 293.9 296.6 301.3 306.4 306.6 314.7 317.3 322.3 321.8 338.9 340.7 

so:0 
296.9 30'1.7 308.4 306.8 306.2 317.3 324.2 333.6 336.4 341.8 346.2 349.6 366.6 369.2 354.9 3134.3 381.3 386.6 
333.7 347.0 347.6 346.6 343.6 367.1 364.8 374.9 378.1 393.8 368.9 592.6 400.2 403.2 409.6 406.9 427.8 432.4 

%:8 
373.2 36.6.1 388.6 366.1 383.6 398.7 407.1 418.2 421.6 427.9 433.6 437.6 446.8 449.0 466.1 466.3 476.3 Q81.3 
414.6 430.9 431.2 428.6 426.7 442.0 461.3 463.4 467.0 473.8 480.0 484.3 493.4 496.7 504.6 603.7 626.7 632.2 

E?: 
602.0 621.7 621.7 618.2 614.6 633.9 644.8 668.6 562.9 671.0 678.2 683.2 693.8 597.6 607.1 606.9 633.3 639.8 

1oo:o 
696.8 619.1 618.8 614.6 609.7 632.3 646.0 661.1 686.6 674.9 683.3 689.1 701.3 706.4 716.7 716.2 747.2 764.8 
696.8 722.9 722.1 717.2 711.0 737.0 761.7 769.8 n4.9 796.4 7S6.0 801.6 816.6 819.9 833.1 831.3 888.3 876.9 

160.0 1281. 1330. 1327. 1317. :2x. 1446. 1468. 1480. 1486. 

:~~* 
1610. 1606. 1672. 1686. 

E9: 2063. 2047. 
2913. 3103: ::3;: :::t - 

2283. 2291. 2328. 2322. 2402. 2443. 

E7;: 
2691. 3218. 3269. 3349. 3421. 

5861. 3861. 3936. 4093. 4144. 4166: 2:::. 4243. 4311. 3:::. . 4ae9. 4690. 4660. 6166. 6233. 6266. 6324: 6364. 6439. 6423: 
4396. 
6628. %k 

iE0” b74a- %6”. 
6989. 6966. 5873. $. 8120. 6233. 6241. E;:. 6396. 6421. 6601. 

ea68. 2:;. y;. F-E* 6843. 

9022. mo: 2%: 7298. 7431. 7438. 
6623. 8737. 6917. 

6oo:o . 9.420: 8633. 8686. 6691. 8789: 
7613. 
8908. E8: m  wee: 

7913. 7889. 8014. 8233. 
9243. 9216. 9360. 9609. 

129 Atomic Data and Nuclear Data Tab(Bs. Vol. 46, No. 1, September ,990 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

BE 
gc 12 

m AL SI CA TI CR FB II aJ GE SE SR zi 
4 13 14 20 21 24 26 28 29 32 34 38 40 

..+...*+*..+...t.*.t**.*.~.*...**...***~**....**.*.*....*.~.**...***..*..*...***.**.*..~*....**..****..*.** 
133.6 110.1 83.6 61.1 69.2 67.6 63.9 60.6 47.9 46.7 

131.2 111.6 

i?*i 

8711 

Eta 

' 

82:X 

9.x z*: 69.3 66.6 

ii:: 

127.8 111.4 . 
z*i 

124.1 110.3 iz:: ii.: 
&l:r 

E: 
66:7 

2: a1:a C:i L2.i 
66:& 

4s:o 
120.4 108.6 01.6 60.4 49.2 

6.0 

E 
6:s 
7.0 

116.7 100.6 113.2 104.4 2:: 2:: 
1os.a 101.2 
106.6 loo.0 

g.; g:; 

103.6 91.8 7810 74.8 

8:: 
10.0 
11.0 
11.0 

98.07 93.61 76.19 72.16 
93.11 89.70 72.63 69.66 
66.67 66.06 70.03 67.29 
64.68 82.74 67.70 66.06 
81.07 79.66 66.62 63.01 

16.0 72.07 71.78 69.83 67.61 
20.0 61.23 81.88 61.49 60.61 
26.0 63.66 64.68 46.98 46.33 
30.0 47.62 49.1s 42.67 41.21 
36.0 43.36 44.86 39.21 37.89 

40.0 39.76 41.34 38.36 35.16 
46.0 36.61 38.42 33.96 32.86 
60.0 34.33 36.96 31.92 30.88 
66.0 32.22 33.86 30.16 29.16 
60.0 30.40 32.01 28.61 27.69 

66.0 
70.0 

EE 
1oo:o 

28.81 30.41 17.26 2e.38 
27.41 28.99 26.04 26.21 
26.06 26.69 23.97 23.22 
23.14 24.63 21.27 21.69 
21.66 23.00 20.86 20.21 

150.0 16.46 17.70 16.17 16.69 
200.0 13.04 14.91 13.63 13.21 
260.0 11.99 13.16 12.06 11.67 
300.0 10.86 11.94 10.94 
360.0 10.03 11.04 10.12 

lyg 
. 

400.0 
460.0 
600.0 

9.39 10.36 9.60 8.90 9.62 9.01 t.:: 
8.60 9.38 0.61 0134 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

~EcTROIIC SIOPPIIG POUER II UlITS OF nsv/tao/sQ cn) 
162 

sn 101s 
62 

ml RB 
42 46 4:" 

*...**+.**...**++*** ' 

2: 2: 
40.9 

zt 
4218 2:: 

47:e ifi:: 2: 

E-f 74.7 
7910 ;:; 

Zi:: 62.6 62.0 61.1 80.6 60.2 69.7 66.6 66.1 E.': 
62:6 

61.1 60.8 z: 
49:2 

49.2 49.0 :;:: Zi:: 

%t 

61.3 69.9 69.1 

ii:? 

60.4 48.7 47.3 44.3 

77.8 806 76.3 7o:e 61:s 69:7 69.2 62.1 60.0 40.4 46.9 68.6 2: 64.6 61.6 49.6 22: 47.9 4e.6 z:; 

73.68 68.40 80.07 68.10 66.92 66.41 63.14 60.39 48.42 47.31 46.96 46.66 43.30 
71.17 W.28 68.30 66.46 66.38 64.86 61.79 49.16 47.28 46.26 46.93 44.69 42.67 
66.61 64.26 66.60 64.87 63.86 63.62 60.46 47.93 48.14 46.18 44.89 43.71 41.78 
66.69 62.33 64.97 63.36 62.41 62.12 49.16 46.73 46.02 44.12 43.86 42.73 40.97 
61.62 0.62 63.43 61.69 61.01 60.78 47.80 46.67 43.93 43.09 42.84 41.78 40.16 

69.06 66.69 49.29 47.97 47.23 47.12 44.48 42.38 40.91 40.21 40.02 39.09 37.79 
61.96 49.30 43.77 42.63 42.12 42.12 39.79 37.99 36.73 33.19 38.06 36.30 34.34 
46.60 44.41 38.60 36.64 38.13 38.19 36.11 34.61 33.40 32.98 32.89 31.24 31.49 
42.39 40.63 36.11 36.33 34.94 36.03 33.14 31.71 30.71 30.37 30.30 29.74 29.13 
39.00 37.38 33.36 32.e& 32.33 32.44 30.70 29.39 28.49 28.20 28.16 27.e& 27.16 

36.19 34.77 31.06 30.43 30.14 30.27 28.66 27.46 28.62 26.38 26.36 26.91 26.46 
33.83 32.67 29.10 28.64 28.29 28.42 16.31 26.80 26.02 24.82 24.80 24.40 24.01 
31.62 30.67 27.43 26.91 26.69 26.83 26.41 24.37 23.66 23.47 23.46 23.10 22.76 
30.07 29.03 26.98 26.60 26.30 26.44 24.10 23.13 22.44 22.29 22.29 21.96 21.63 
28.66 27.69 24.70 24.26 24.07 24.22 22.96 22.03 21.38 21.26 21.26 20.94 20.66 

27.20 26.31 23.67 23.16 22.99 23.14 21.93 21.06 20.44 20.32 20.33 20.04 19.76 
26.00 26.17 22.66 22.17 22.02 21.17 21.01 20.18 19.69 19.49 19.60 19.23 18.97 
23.96 23.23 20.63 20.48 20.36 20.60 19.44 18.67 18.13 18.06 16.07 17.83 17.60 
22.26 21.62 19.40 19.08 18.97 19.12 18.13 17.43 16.93 16.06 16.86 16.66 16.46 
20.86 20.27 18.20 17.sl 17.81 17.96 17.03 16.37 16.90 16.86 16.87 16.68 16.49 

16.18 16.78 14.20 13.99 13.93 14.07 13.36 12.86 12.49 12.47 12.49 12.36 12.21 
13.64 13.32 11.97 11.7& 11.79 11.93 11.31 
11.94 11.79 '"939 '"9.;; '"9:;; '"9.;; lm~ 

1;.g '"9:;: 1"S.t: lug 1"9.;t 1g.g 

10.66 10.72 a:99 8.70 &:63 8.67 8143 a:66 
10.04 9.93 a:94 a:e1 8.82 a:94 8.48 8.34 8.07 7.92 7.96 7.83 7.94 

9.42 9.32 8.39 t::; 3 8.40 7.97 7.84 7.68 7.46 7.49 7.37 7.47 
6.94 8.64 7.96 7.97 7.67 7.44 7.20 7.08 7.11 7.09 
6.66 8.46 7.62 7.36 7.63 7.83 7.24 7.11 6.89 6.78 6.81 

~:~ 
6.79 

ii:; 
z.; 43:s 

43.13 
42.28 
41.40 
40.62 
38.64 

37.18 
33.66 
32.81 
28.47 
26.61 

24.86 
23.44 
22.21 
21.12 
20.16 

19.31 
18.64 
17.21 
16.10 
16.16 

7.22 
6.87 
6.68 

.l*.l..1....*l.***.......****.~*..**~**.***.*~~..***.*.****.**~~*..~*.**~.*.....*.********..***.*..**~****~.*...********.*******..*. 
E/A SI TE M LA PR sn GD ED RI LU TA RE IR AU PB BI ni 

60 62 66 67 69 62 64 67 69 71 73 76 7-r 79 82 83 90 az" 
*.*...~..*.1..1+***.**...**...*~*******.**.*~***~~..~****~*~~~******.....**.~..**.*****.*.****~.**.~****.***.*******.***~*****~*.~.* 

:.: 
3:6 

38.24 40.01 3e.46 38.17 38.49 38.20 313.74 38.48 38.17 36.40 34.30 36.07 33.23 34.98 31.37 33.14 30.69 32.48 31.66 29.88 31.07 29.30 28.81 X.68 27.77 29.63 27.41 29.16 27.11 28.82 27.16 28.89 26.06 27.66 26.76 27.34 
41.10 39.24 39.26 39.63 39.29 37.20 36.11 34.30 33.66 32.86 32.26 31.77 30.74 30.33 29.98 30.06 18.76 28.42 

4.0 41.74 39.67 39.89 40.16 39.97 37.93 36.82 36.08 34.44 33.64 33.06 32.67 31.66 31.14 30.77 30.84 29.49 29.16 
4.6 42.07 40.21 40.22 40.60 40.34 38.31 37.24 36.63 34.94 34.16 33.66 33.09 32.09 31.68 31.30 31.37 29.98 29.63 

6.0 42.18 40.34 40.36 40.62 40.60 38.61 37.46 36.79 36.22 34.46 33.87 33.40 32.43 32.02 31.63 31.fO 30.29 29.94 
6.6 42.14 40.32 40.33 40.60 40.61 38.66 37.62 36.91 36.36 34.80 34.03 33.67 32.62 32.21 31.81 31.88 30.46 30.11 
6.0 42.00 40.19 40.20 40.47 40.41 3S.60 37.48 36.91 36.39 34.64 34.08 33.63 32.71 32.30 31.90 31.96 30.64 3D.18 
6.6 41.77 39.99 40.00 40.27 40.23 36.36 37.36 36.83 36.33 34.60 34.04 33.61 32.71 32.31 31.90 31.98 30.63 30.18 
7.0 41.49 39.72 39.74 40.01 39.99 38.16 37.17 36.69 36.21 34.49 33.96 33.63 32.64 32.26 31.83 31.90 30.47 30.12 

t:: 40.80 40.04 39.09 38.37 33.10 38.39 39.37 38.66 39.39 38.70 37.63 37.01 Jd.66 36.10 34.78 36.29 34.36 34.84 34.16 33.70 33.62 33.19 33.22 32.80 32.38 31.00 31.64 32.00 31.68 31.21 31.26 31.66 30.23 19.07 29.88 29.63 
10.0 39.24 37.62 37.64 37.89 37.97 36.34 36.46 34.20 33.81 33.18 32.69 32.32 31.66 31.20 30.78 30.84 29.46 29.13 
11.0 y1.42 38.86 36.87 37.13 37.23 36.66 34.80 33.61 33.23 32.63 32.16 31.80 31.06 30.73 30.31 30.37 29.01 26.68 
12.0 37.62 36.09 36.11 36.36 38.48 34.96 34.14 33.00 32.64 32.06 31.60 31.26 30.66 30.24 29.82 29.88 28.64 28.23 

16.0 36.33 33.92 33.96 34.18 34.34 32.96 32.21 31.21 30.90 30.38 29.96 29.66 29.02 28.76 28.34 28.40 27.13 16.84 
20.0 32.04 30.78 30.82 31.04 31.23 30.03 29.38 28.63 28.29 27.84 27.48 27.22 28.67 26.46 26.06 26.12 24.97 24.70 
26.0 29.36 26.22 28.27 28.47 28.66 27.61 27.03 26.30 26.09 26.70 26.37 26.16 24.67 24.49 24.11 24.17 23.12 

E 27.16 26.30 24.34 26.11 26.16 24.39 2e.36 24.67 MM.66 !44.76 23.W 26.69 26.07 23.42 24.42 22.84 24.26 22.69 23.90 22.37 22.10 23.60 23.40 21.91 22.97 21.63 22.62 21.40 21.47 21.06 22.62 21.11 21.66 20.21 ;t.8$ 2O:Ol 

40.0 23.73 22.84 22.89 23.06 23.27 22.46 22.01 21.49 21.36 21.06 20.81 20.64 20.28 20.17 19.86 19.90 19.06 18.87 
46.0 22.58 21.64 21.60 21.76 21.97 21.21 20.80 20.31 20.19 19.92 lS.69 19.63 19.20 19.11 18.80 18.86 18.06 17.88 
60.0 21.21 20.42 20.48 20.63 20.84 20.12 19.74 19.29 19.18 18.93 18.71 18.66 18.26 18.17 17.86 17.92 17.17 17.01 
66.0 20.18 19.43 19.49 is.e4 19.84 19.16 la.80 10.39 18.28 18.06 17.84 17.71 17.42 17.34 17.06 17.11 18.39 16.24 
60.0 19.27 18.66 18.61 18.76 18.96 16.31 17.97 17.68 17.49 17.27 17.07 16.94 16.67 16.60 16.34 16.38 16.70 16.66 

66.0 18.46 17.77 17.63 17.96 18.16 17.66 17.23 16.88 16.77 16.67 16.38 16.26 16.00 16.94 16.68 16.72 16.07 
70.0 17.72 17.07 17.12 17.20 17.46 16.87 16.66 16.21 16.13 16.93 16.76 16.64 16.40 16.34 16.09 16.13 14.61 

;t.;; 

1oo:o iE 

16.46 16.86 16.90 16.03 16.22 16.68 16.40 lb.'33 16.01 14.83 14.67 14.67 14.36 14.29 14.06 14.10 13.62 13:40 

16.40 14.60 14.83 13.97 14.69 14.02 16.00 14.13 14.31 16.18 13.84 14.69 14.43 13.60 14.14 13.34 
14.08 

13.13 13.91 
13.76 13.67 13.46 13.42 13.20 13.24 12.70 12.68 

13.28 12.98 lZ.SD 12.71 12.67 12.47 12.60 11.99 11.89 

160.0 ll@.$ 11.06 10.46 9.96 9.98 9.68 9.60 
200.0 
260.0 6:67 

-3 
1g.t: 

6126 

1l@.:g 

0134 

1l@.;: 

6147 

log.;; 

8:01 
8.69 

log.;; 

7:so 
8.48 8.60 8.39 8.12 

7.10 7:04 

7.92 7.62 7.66 7.49 7.26 

Z2:8 7.91 7.36 T3 . ;%! . 5::: 3.x: . 2:: . 7.13 6.64 6.88 6.41 6.91 a.43 6.86 6.38 6.64 6.19 

9E 
600:0 

6.920 6.676 6.684 6.364 6.616 6.291 6.636 6.312 6.738 6.406 6.686 6.164 6.620 6.201 6.411 6.OS9 6.417 6.106 6.347 6.039 6.267 6.964 6.246 6.943 6.181 6.863 6.138 6.843 6.043 6.762 6.062 6.771 6.016 6.724 6.834 6.666 
6.302 6.087 6.029 6.046 6.140 6.004 6.S43 6.646 6.663 6.789 6.709 6.696 6.642 6.604 6.617 6.636 6.486 6.329 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

162 
IUIICE 11 USITS OF ntvsq at 66 106s 

82 

E/A B6 
ac 12 

m AL SI CA l-I CR FE III aJ GE SE SR za a0 an 
4 13 14 20 22 24 26 2.3 29 32 34 38 40 42 46 4:G 

. . ..~*.*...~.+....**.*.*.**.*~**.***.~..****.*.*~.****.*~*~***~*.*****~...*~..*..*....*.*~*~*~**.~*********~*~...~*..~~..~~....**.*~ 
2.6 6.910 6.050 7.989 1.970 7.830 9.320 10.080 10.609 11.000 11.410 11.660 12.480 12.900 13.464 13.870 13.896 14.311 14.680 

::: 8.483 7.070 6.344 7.026 9.729 8.869 8.884 9.796 8.733 9.633 10.328 11.326 Il.249 12.401 11.836 13.042 12.266 13.609 12.708 13.981 13.047 14.402 13.968 16.400 14.467 16.972 16.063 lS.S26 16.299 16.881 16.689 17.226 19.190 17.V94 10.496 18.261 
2: 7.673 8.296 7.710 8.406 lO.SO6 11.492 10.713 11.641 10.638 11.461 12.322 13.326 13.660 14.703 14.241 16.443 14.743 16.977 16.240 16.496 16.743 17.081 16.826 16.244 17.467 18.963 18.lbb 19.696 18.437 19.983 18.839 20.438 19.763 21.486 21.679 19.874 

i+ 
8.936 9.112 12.392 12.681 12.378 14.337 16.864 16.662 17.216 17.766 18.422 19.666 10.439 21.223 21.626 22.032 23.204 23.377 
9.697 9.832 13.306 13.636 13.314 16.361 17.036 17.871 16.466 19.024 19.770 21.092 21.931 22.766 23.073 23.629 24.917 26.076 

6:0 10.278 lo.6138 14.237 14.608 14.269 16.398 18.226 19.104 19.728 20.303 21.130 22.630 23.432 24.299 24.628 26.23.3 Z.631 26.780 
6.5 10.981 11.320 16.186 16.497 16.239 17.461 19.428 20.361 21.004 21.694 22.602 23.961 24.946 26.847 2S.193 2S.847 28.349 28.493 
7.0 11.704 12.089 16.160 16.604 16.227 18.620 W.646 21.616 22.296 22.901 23.890 26.447 26.473 27.413 27.772 28.473 33.074 30.217 

8.0 13.21 13.68 18.13 18.67 18.26 20.71 23.14 24.19 24.93 26.66 28.72 28.43 29.68 W.69 30.98 31.77 33.66 33.71 
9.0 14.80 16.34 20.19 W.72 20.36 22.97 26.71 26.86 27.64 26.29 29.61 31.48 32.76 33.84 34.26 36.14 37.10 37.27 

10.0 16.48 17.07 22.33 22.94 22.63 26.29 28.36 29.68 30.42 31.09 32.69 34.61 36.01 37.16 37.60 38.67 40.70 40.90 

:::: 
18.23 18.87 24.63 26.23 24.77 27.70 31.08 32.39 33.28 33.97 36.64 37.83 33.34 40.67 41.02 42.09 44.38 44.61 
20.07 20.74 29.82 27.61 27.09 3O.lf 33.89 36.28 3S.22 30.93 38.77 41.12 42.76 44.08 44.63 46.69 48.13 48.41 

:::: 
28.04 26.78 34.11 36.13 34.49 38.03 42.78 44.43 46.62 4S.26 48.06 61.60 63.63 56.02 66.66 66.98 69.83 80.29 
37.63 38.22 47.71 43.30 48.24 62.67 69.18 61.26 62.69 93.36 60.76 70.48 73.18 74.97 76.68 7l.47 80.96 81.80 

26.0 60.84 61.32 93.04 86.19 83.71 138.84 77.49 80.00 81.68 82.33 88.83 91.60 94.89 97.00 97.68 100.03 104.09 106.43 

E:: 
66.89 85.00 80.04 82.80 80.84 89.76 97.63 100.61 102.43 103.13 108.83 114.60 118.66 121.04 121.78 124.90 129.21 131.11 
82.60 82.20 98.64 102.06 99.66 108.32 119.66 123.01 126.06 126.70 132.68 139.42 144.36 147.03 147.82 161.12 166.26 168.80 

40.0 100.93 VS.87 118.78 122.30 119.80 127.42 143.13 147.14 149.43 149.37 168.33 166.19 171.98 174.91 176.74 173.63 186.18 188.42 
46.0 120.81 118.96 140.43 146.29 141.64 160.02 MS.49 172.94 176.48 176.90 186.71 194.76 201.45 204.63 206.48 x)9.77 216.93 219.92 
60.0 142.20 139.41 163.62 169.16 164.71 174.08 195.41 200.38 203.16 203.43 214.79 226.09 232.71 236.13 237.00 241.80 248.47 263.26 
66.0 166.07 161.21 188.03 194.49 189.29 139.66 223.89 229.40 232.42 232.63 246.61 267.11 2B6.71 269.37 270.26 276.67 282.76 288.36 
80.0 lav.Je 184.31 213.92 221.24 116.26 226.43 263.91 269.97 263.22 263.16 277.84 290.80 ZOO.42 304.31 306.18 311.03 318.72 326.20 

85.0 216.1 208.7 241.1 249.4 242.6 264.7 286.4 292.0 296.6 296.3 311.7 328.1 330.8 340.9 341.8 348.1 366.4 363.7 
70.0 242.1 234.3 269.7 278.8 271.1 284.2 318.4 326.6 329.3 328.8 347.1 353.0 374.8 379.1 373.9 388.9 396.6 403.9 

%2 
300.2 289.1 330.6 341.7 332.1 347.1 388.6 397.0 401.2 400.2 422.4 441.4 466.6 480.2 481.0 469.1 478.9 489.1 

loo:o 
M3.4 348.0 396.4 409.7 398.0 416.0 464.3 474.0 478.7 477.0 603.6 626.7 642.4 647.4 648.1 667.3 688.2 680.6 
431.6 412.6 467.0 482.6 488.8 487.7 646.2 666.2 661.4 669.1 690.0 616.8 636.1 940.4 841.0 661.4 883.6 677.9 

160.0 640.2 733.6 886.6 914.2 887.1 917.3 1023.2 1041.6 1049.1 1042.3 1099.4 1146.2 1180.0 1186.6 1186.3 1202.9 1221.8 1247.3 
100.0 1360.9 1264.7 1401.1 1446.0 i403.7 1446.3 1610.2 1637.6 1646.2 1632.9 1722.1 1778.6 1836.1 1863.8 1861.9 1876.6 1891.4 1939.7 
260.0 1947.2 1809.3 1998.2 2090.3 2004.2 2063.9 2287.0 2330.8 2333.0 2311.6 2438.0 2606.7 2687.1 2621.4 2816.4 2662.9 2868.2 2734.1 
300.0 2614.7 2417.3 2669.7 2746.2 2S73.6 2731.6 3040.3 3110.7 X96.7 3088.0 3233.4 3313.9 3422.7 3473.6 3464.8 3616.8 3SOS.l 3414.6 
360.0 3344.3 3060.4 3383.0 3491.9 3403.0 3489.6 3860.3 3962.2 3927.6 3886.3 4098.3 4192.8 4331.0 4399.2 4386.4 4462.4 4433.2 4670.1 

%G 
4128. 3792. 4169. 4233. 4186. 4261. 4739. 4874. 4817. 4766. 6024. 6134. 6304. s390 . 6372. 6464. 6422. 6692. 

600: 0 
4960. 4646. 4981. 6142. 6014. 6098. 6869. 6844. 6769. 6694. EO:: 6130. 6339. 6437. 6416. 6613. S467. 6872. 
6636. 6339. 6846. 8033. 6884. 6978. 8046. 6849. 6747. 8469. 7176. 7412. 7636. 7608. 7623. 7662. 7803. 

. . . ..**........*.~...*****~***.*****~*.****..*..**....**...~.~.*..*********..**.**....*......******~**..*.*****.**.**.**...*...***.* 
E/A sn n BA !..A PR !w CD ii0 m LU TA RF, IR AU w BI m  U 

60 62 68 67 69 62 64 67 63 71 73 76 77 73 62 83 So 92 
t*.*..**.**.**.t....~*.*...*.*.***...*...**...*.*.~.**.**.***..~*****.***.**.*..*******.*.***....*..****.**.***.*.*..*.*...**....*** 

2.6 
3.0 

16.41 16.99 17.26 17.69 18.24 19.17 19.72 20.43 20.86 21.27 21.69 22.14 22.69 23.00 23.64 23.73 26.38 26.90 

t: 

17.36 18.02 19.23 19.60 20.27 21.32 21.94 22.79 23.26 23.73 24.20 24.69 26.24 25.68 26.26 26.44 28.21 28.76 
19.22 13.98 21.26 21.66 22.23 23.39 24.08 26.04 26.66 26.09 29.60 27.13 27.76 28.24 28.84 29.02 30.90 31.48 

4:6 
21.06 21.90 23.17 23.46 24.16 26.42 20.16 27.23 27.78 28.37 28.93 29.49 30.19 30.71 31.33 31.61 33.60 34.12 
22.87 23.80 26.07 26.34 26.04 27.41 28.21 23.38 29.97 30.61 31.21 31.80 32.58 33.12 33.78 33.96 36.06 36.70 

6.0 24.67 26.69 26.96 27.21 27.92 29.39 30.26 31.61 32.14 32.83 33.46 34.09 34.94 36.61 38.20 38.36 38.68 39.26 
6.6 

2: 

26.47 27.67 28.84 29.09 29.80 31.36 32.28 33.63 34.29 36.03 36.70 36.38 37.27 37.68 Xt.69 38.76 41.08 41.78 
28.28 29.46 30.72 x).96 31.66 33.33 34.30 36.74 36.44 37.22 37.93 38.62 39.60 40.23 40.98 41.13 43.67 44.31 

7:o 
30.09 31.36 32.62 32.84 33.66 36.31 38.33 37.88 38.69 39.42 40.16 40.88 41.92 42.68 43.36 43.61 49.06 4S.82 
31.92 33.26 34.62 34.74 36.45 37.30 38.37 39.99 40.74 41.62 42.40 43.14 44.26 44.34 46.74 46.89 4a.66 49.34 

E 
36.61 37.12 38.38 38.66 39.28 41.31 42.49 44.27 46.08 46.04 48.89 47.70 48.92 43.67 60.64 60.67 63.66 64.41 

1o:o 
33.37 41.04 42.30 42.46 43.18 46.38 49.66 48.61 43.48 60.62 61.44 62.30 63.64 64.44 66.36 66.60 68.61 69.62 

11.0 
43.21 46.04 46.30 49.43 47.14 43.62 60.91 63.01 63.94 66.07 66.06 66.97 68.42 69.28 SO.26 SO.33 63.74 84.71 

12.0 
47.12 43Q.12 60.38 60.48 61.18 63.74 66.24 67.60 68.47 59.63 SO.76 61.71 63.28 84.19 66.26 66.36 68.94 89.98 
61.12 63.29 64.66 64.62 66.31 68.06 69.66 62.06 63.08 64.39 66.61 66.63 bB.21 SS.17 70.31 70.40 74.22 76.31 

16.0 '33.63 88.33 67.67 67.66 88.19 71.49 73.40 76.27 77.44 73.00 80.33 81.60 83.63 84.64 88.00 88.08 80.60. 91.87 

%?: 111.06 116.69 116.87 116.61 116.86 122.09 126.13 129’64 131’16 133’68 136 66 137’36 140’61 142’11 144’33 144’26 161’43 163'41 
(M.26 89.86 91.10 80.92 91.43 96.67 88.13 101 76 103 17 106 16 106.84 108 27 110 86 112 22 113 99 113 99 119 a2 121 41 

30.0 138.00 143.71 144.86 144.28 144.42 160.70 164.36 16§:66 161140 184:27 186:74 168:71 172:46 174:28 177:OO 176187 l86:67 187:84 
36.0 167.03 173.89 174.96 174.17 174.06 181.46 186.74 191.76 193.82 197;17 WOO.04 202.29 W6.66 W8.70 211.96 211.76 222.01 224.a 

40.0 
46.0 

198.1 206.1 207.1 206.1 206.7 214.3 219.2 226.1 228.4 232.2 236.6 238.0 243.1 246.3 249.2 248.8 260.8 283.8 

60.0 
231,.1 240.4 241.3 240.1 239.4 249.1 264.8 262.6 266.0 269.3 273.1 276.9 281.6 284.0 288.6 288.1 301.8 306.2 

66.0 
286.0 276.7 277.6 276.9 274.9 286.9 292.3 300.9 303.6 308.6 312.7 316.8 322.2 324.8 330.0 329.6 344.3 348.8 

80.0 
302.7 314.8 316.6 313.7 312.3 324.7 331.8 341.3 344.2 349.6 364.3 367.8 504.8 367.7 373.6 372.9 390.3 394.6 
341.3 364.3 366.6 363.3 361.6 X.6.2 373.1 383.6 386.8 392.7 37.9 401.7 409.4 412.6 419.0 418.3 437.7 442.4 

E 
381.6 398.8 337.2 394.8 392.6 407.6 416.3 427.7 431.1 437.6 443.3 447.6 466.0 469.2 466.6 4S6.7 487.1 492.3 

Z.8 

423.6 440.4 440.7 437.9 436.2 461.8 491.3 473.7 477.4 494.4 490.7 496.1 604.4 607.8 616.9 616.0 636.6 544.1 
612.7 632.9 632.9 629.4 626.6 646.4 668.6 671.0 576.1 683.4 690.7 696.9 606.8 610.9 (120.4 619.1 047.1 663.8 

1oo:o 
808.3 932.1 631.8 627.6 622.6 946.6 668.7 676.1 679.8 989.2 S97.8 703.7 716.2 720.4 732.0 730.6 763.2 770.9 
710.1 737.6 737.0 732.0 726.7 762.3 767.3 786.8 791.0 801.8 811.6 816.3 832.6 857.1 860.6 848.7 886.4 896.2 

160.0 1306. 1366. 1362. 1342. 1328. 1376. 1400. 1431. 
wo.0 

1439. 

EE. 

1467. 
2106. 

1473. 1484. 1608. 
2100. 2084. 2060. 2130. 2168. 2212. 

1616. 

260.0 
2223. 

1639. 1617. 

3778: %?: gi:: JVOO. g8;: 3970. 4029. 

yx. g. 
1636. 1602. 

2290. 
2942. 2906. 3002. W62. 3111. 3122. 

2326. 2334. 2371. 23S6. 2447. 2488. 

300.0 4106. 4116. 
3481. 

360.0 4776. 4960. 4972. 4941. 6020. 
'I;;:: 4216: %;: 22. 

6080. 6184. 6194. . 6414: 

yz. $33;. 

6444: 6631: 
Et- %r 

6322. 6346. 6614: 6922: . ‘E 

%:8 
6843. SO66. 6088. 064. 6971. 6141. 6222. 
8939;: z:. 7267. 7229. 7128. 7326. 7416. Et 

600.0 8666. S671. 8826: 
RZ. $5. 
8832: 

%C 6628. 
6764. 6733. 8860. 7032. 

. 6602. 8480. 8341. 8932: 9063: Ef: 
%? 
9180: 

E% 
3247: S?::: 

8019. 8148. 83S8. 
3366. 9603. 9766. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELsCrMIIC STOPPIIO POUER In IllITS OF xev/tao/sp at) 
163 

ml IOUS 
63 

WA BE 6C llK: AL. SI CA TI CR FE 11 ClJ '26 SE SR UI 
4 

HD 
13 14 20 22 

FZJ 
24 26 26 29 32 34 36 40 42 46 4;O ***.*.*....+*.L**+.*....***.*~***.......**..***.*..*.*~.****...~**.***.*..**.*~*~**.***..**..****.****...*.*~**...*.~**~*..****.**.. 

2: 136.4 133.9 113.4 111.7 .s$i . ii:: E-i 76.8 96.3 62.1 {:% E$; Q:i 61.2 48.6 47.0 

Z:i Ed x ii:! ;:i 
iit: 

39.9 41.6 

i:% . 130.6 126.8 123.1 113.4 112.3 110.6 x 89:7 2.: 82:s 661s 86.2 84.3 Et 4716 
42.1 43.4 

E:i z:: . 
$3 61:s 67:8 

ii:: z:: it-t 62.1 
61:s 

Et: 
49:s 

61.6 67.8 

60.1 2:: 
ii.: 
44:8 g:; . 

::: ;:g.; m&E .%z 81.7 2: 76.1 60.3 Ef 62.2 61.3 K ii:: 62.0 60.6 46.1 

%:H . 11214 :zx 10413 lo2.1 99.9 82:s 81.1 79.6 Fi:: ;:3 n:9 Es': w:; :i*: * 2x 1:: * % 60:s t:*; 60'4 69:6 

46.6 

;:I 6S:0 66:7 66.1 66.6 S:% !:-a 60:s 49:7 z?: 

iii.; 

4916 49.3 

$2 46.2 46.6 

i7.A 
47:4 

46.1 46.0 E 
. 60.6 49.2 48.8 44.8 4417 

1o:o i*: 'X * 
Q6-7 76.2 

ZE 

2: E-f 7116 6a:a ES x . Et 

ij:f 

x 67:s 
69.3 68.1 64.2 61.4 49.4 47.9 
67.6 66.6 66.0 ET 62.9 61.6 E*ii ::: ZV:Z 2: 2:: ii:: ilk: 

11.0 
8312 

E:;: %!I Zt: ii:6 ii:; i:H 63.6 g:; 60.2 4717 it8 z: 
4410 

i.5: z-t 
4217 

tz 
41:0 

5: 
12.0 . . 62.1 . 48.9 W.6 40:6 

16.0 73.97 73.66 61.26 68.97 SO.44 66.98 60.42 49.07 48.31 48.19 46.49 43.34 41.84 41.12 40.92 39.96 38.64 38.01 

%:8 62.90 66.06 63.49 66.16 46.18 63.79 46.49 61.86 47.78 63.24 46.62 60.60 40.49 44.82 43.72 39.66 43.13 39.08 43.12 39.13 40.76 37.00 38.89 36.36 37.60 34.23 37.06 33.79 30.91 33.69 36.13 33.03 32.26 36.16 34.46 31.66 
28 49.18 44.60 48.11 60.64 43.79 40.26 42.29 36.90 43.49 40.03 41.68 38.37 37.04 34.22 39.23 33.61 36.83 33.17 33.28 36.92 33.98 31.60 32.61 30.16 31.49 29.23 31.13 28.93 31.07 29.89 30.49 28.38 29.86 29.18 

27.86 27.20 

::: 37.89 40.92 42.60 39.62 37.36 34.90 36.10 33.76 37.17 34.76 36.70 33.46 31.88 29.89 31.24 29.31 30.94 29.06 31.07 29.19 27.64 29.41 28.18 lb.49 26.70 27.32 27.08 26.49 27.06 26.47 26.69 26.13 26.61 
26.06 24.66 24.06 

6o:o ii!*: 
36.36 36.99 32.81 31.74 32.70 31.62 28.19 27.66 27.42 27.67 26.11 26.04 24.29 24.11 24.10 23.72 23.36 22.81 
33.18 31.31 34.83 32.96 31.00 29.42 30.00 28.48 30.92 29.36 29.84 28.39 26.70 26.40 29.21 24.94 26.00 24.76 26.16 24.90 24.77 23.69 23.76 22.64 23.06 21.99 22.90 21.84 22.90 21.84 22.66 21.62 22.23 21.22 20.72 21.70 

%:8 29.68 28.24 31.30 29.86 28.03 26.79 27.14 26.94 26.76 27.98 27.06 26.89 24.24 23.20 23.81 22.80 23.64 22.64 23.79 22.80 22.64 21.61 21.64 20.76 21.01 20.14 20.04 20.99 20.06 20.90 19.77 20.60 19.61 20.32 19.06 19.84 

100:0 EC: 

26.81 27.38 24.67 23.90 24.66 23.90 21.43 21.07 20.94 21.09 20.00 19.21 18.66 18.67 18.69 18.34 18.11 17.70 

23.86 22.22 23.70 26.37 22.93 21.47 20.81 22.22 22.92 21.47 22.26 20.87 19.97 18.74 19.64 18.44 19.62 18.33 19.68 18.49 18.66 17.63 17.93 16.86 17.42 16.37 17.36 16.32 17.37 16.34 17.16 16.14 16.93 16.94 16.67 16.60 

160.0 16.96 18.26 16.67 16.17 16.67 16.27 14.63 14.42 14.36 14.60 13.76 13.24 12.87 12.86 12.87 12.73 12.68 12.36 
200.0 14.07 16.37 14.06 13.62 13.96 13.73 12.34 12.12 12.16 12.30 11.66 11.48 11.10 10.87 10.91 10.76 10.87 10.49 

360:0 E-8 

12.38 13.67 12.43 12.04 12.31 12.16 10.94 10.62 10.79 10.91 10.36 10.19 9.86 9.66 9.70 9.63 9.67 9.34 

11.21 10.36 12.31 11.39 11.29 10.46 10.93 10.12 11.19 10.36 11.06 10.24 9.96 9.22 9.69 8.88 9.82 9.10 9.94 9.22 X:E ::ii 8.97 a.33 8.80 8.17 8.84 a.21 8.70 9.08 8.82 a.19 8.62 7.92 

400.0 9.70 10.69 9.80 t%z 9.73 9.62 8.66 8.36 8.66 8.67 8.09 7.83 7.69 7.71 7.60 7.70 7.40 
460.0 2:; lo-l3 9.30 9.23 9.13 a.22 7.93 8.23 

x 
7.68 7.43 7.30 7.34 7.22 7.32 7.09 

600.0 . 9.69 8.89 a:01 8.82 a.73 7.86 7.60 
;.:: 

. 7.88 7148 7.36 7.11 6.99 7.03 6.92 7.01 6.79 

*l...~*.++*~*++*IC*.*......~.*........*.*~..~.*..******.*~.~.***.*~**.**~***....~~....**..**..*.******.*~.*.***.***..*~.**......~*~* 
WA SI TE BA LA ml SH CD 80 M Lu TA RE lx AU PB BI In U 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 a3 90 92 
..1..*..*.*.*****.1.*..*.***..***.*.**.*..*.*.**..**.*~~****..*****..***.*...**.****.***.***.*******************.*.*.*...**....*~**. 

X2 40.62 38.79 Jo.97 38.76 37.01 38.78 37.27 59.06 30.92 38.76 34.79 36.62 33.71 36.61 31.82 33.64 31.13 32.97 30.31 32.14 31.64 29.72 31.04 29.23 28.17 29.98 27.80 29.69 27.60 29.26 29.33 27.67 28.42 28.06 27.76 26.12 

3.: 
4:6 

42.43 41.?6 40.63 39.87 39.89 40.66 40.82 40.16 39.91 40.63 37.79 38.63 36.68 37.43 34.86 36.64 34.20 36.01 33.37 34.19 32.77 33.69 33.10 32.27 31.22 32.07 30.81 31.66 30.46 31.28 30.63 31.36 29.21 29.98 28.97 29.63 
42.79 40.90 40.91 41.19 41.03 38.96 37.87 30.13 36.63 34.72 34.13 33.64 32.63 32.21 31.82 31.89 30.49 30.13 

i:O 42.93 42.90 41.06 41.04 41.06 41.06 41.33 41.33 41.21 41.24 39.18 39.26 36.11 36.19 39.42 39.66 36.84 36.99 36.06 36.22 34.46 34.63 33.98 34.17 32.99 33.20 32.79 32.67 32.17 32.38 32.24 32.46 31.00 30.81 30.46 30.64 

f:i . 42.66 42.28 42.77 40.93 40.73 40.48 40.74 40.94 40.49 41.21 40.76 41.02 41.16 40.99 40.76 39.20 39.07 39.87 3B.16 38.04 37.87 38.67 39.60 39.37 38.03 36.98 36.87 36.24 36.14 36.27 34.70 34.67 34.69 34.23 34.16 34.24 33.30 33.31 33.26 32.89 32.90 32.86 32.47 32.48 32.43 32.64 32.66 32.60 31.09 31.09 31.04 30.73 30.73 30.68 

1o:o X-8 

41.61 39.86 39.97 40.14 40.16 38.36 37.39 36.97 36.61 34.61 34.28 33.86 33.00 32.62 32.19 32.26 30.81 30.46 

40.04 40.84 38.39 39.14 39.16 38.41 38.67 39.42 3S.48 38.76 37.76 37.08 36.82 33.18 36.47 34.90 36.04 34.60 34.37 33.86 33.86 33.36 33.46 32.97 32.63 32.19 32.26 31.83 31.83 31.40 31.90 31.47 30.46 30.06 30.12 29.71 
11.0 39.23 37.62 37.64 37.90 36.00 36.40 36.62 34.30 33.92 33.30 32.82 32.46 31.70 31.37 30.93 31.00 29.61 29.27 
12.0 38.42 36.86 39.88 37.13 37.26 36.70 34.86 33.69 33.33 32.74 32.27 31.92 31.20 30.87 30.44 30.61 29.14 28.82 

16.0 36.12 34.67 34.70 34.94 36.10 33.69 32.92 31.89 31.69 31.06 30.62 30.31 29.66 29.39 28.96 29.02 27.73 27.42 

528 32.79 30.07 31.61 28.91 31.64 28.96 31.77 Is.16 31.96 29.37 30.73 28.28 Jo.06 27.68 29.20 29.93 28.96 29.72 28.49 29.32 28.11 26.98 27.86 26.76 27.29 26.26 27.09 26.07 26.66 24.69 26.72 24.76 26.64 23.67 26.27 23.42 

E:8 27.83 26.96 26.76 24.96 26.81 26.02 27.01 26.20 26.42 27.22 29.23 24.61 26.69 24.02 26.03 23.42 24.86 23.27 24.49 22.94 24.19 22.66 23.98 22.47 23.64 22.07 23.38 21.94 23.02 21.60 23.07 21.66 22.08 20.72 21.86 20.61 

%:8 24.36 22.88 23.43 22.12 23.49 22.17 23.66 22.34 22.66 23.88 23.04 21.77 22.69 21.36 20.86 22.06 21.91 20.73 21.61 20.46 21.36 20.21 21.18 20.06 20.81 19.71 20.69 19.61 20.37 19.30 20.42 19.34 19.66 18.63 19.36 18.36 

so:0 3: 
21..78 20.97 21.03 21.19 21.40 20.66 20.27 19.81 19.69 19.44 19.21 19.06 18.76 18.66 18.36 18.40 17.63 17.46 
20.73 19.80 19.96 19.07 20.02 19.12 20.17 19.27 20.38 19.48 IS.68 18.82 19.31 18.47 18.89 18.07 17.97 18.78 18.64 17.74 18.33 17.64 17.41 18.19 17.89 17.13 17.81 17.06 16.78 17.63 16.83 17.67 16.13 16.84 16.98 16.69 

X 18.97 18.22 la.27 17.66 17.00 18.32 18.47 17.74 17.94 18.67 i7.34 18.04 17.71 17.02 17.33 16.67 17.24 16.68 17.03 16.38 16.19 16.83 16.71 Id.013 16.46 16.83 16.77 16.38 16.61 16.12 16.16 16.66 16.49 14.91 16.36 14.77 

mo:o %."o 

19.82 16.30 16.36 16.49 16.68 16.13 16.84 16.61 16.44 16.26 16.09 14.98 14.76 14.70 14.46 14.60 13.91 13.79 

16.84 14.92 16.26 14.38 14.43 16.32 16.44 14.66 16.62 14.73 16.11 14.26 14.84 14.00 14.66 13.73 14.48 13.67 14.31 13.61 Il.16 13.36 14.06 13.27 13.86 13.08 13.80 13.04 12.83 13.68 13.82 12.86 13.06 12.34 12.96 12.23 

160.0 

Z:8 ;;-;: 

11.44 11.63 11.68 11.31 10.77 

I$;; 7:69 

II/; 

;:g 7133 

t*E x-3: 9.91 

;:; 7121 

'I& 

pg 7114 

1Og.f; 

;:g . 7182 7.27 t*Xt 7138 f:g 7102 

I;.;: a:zs 9.17 8.16 1Og.t; a:04 'O/i; 1OgA.l 7:94 IOg.~: : IOg.;; 7176 I;.;; 7178 

9.97 9.79 

7.73 a.86 8.36 7.46 

%:I 7.66 7.03 7.47 0.96 Z% . p; 6184 3% . i.g . 7.10 6.61 7.12 8.63 3% . 6.86 6.39 

400.0 7.141 6.897 6.826 6.849 6.963 6.796 6.728 6.616 6.622 6.660 6.460 6.444 6.378 6.334 6.236 6.266 8.207 6.020 

ES 6.769 6.604 6.283 6.668 6.492 6.222 6.614 6.242 6.613 6.337 6.404 8.lSS 6.399 6.133 8.034 6.294 6.300 6.040 0.232 6.976 6.146 6.892 6.133 6.881 0.071 6.822 6.030 6.783 6.936 6.694 6.712 6.966 6.884 6.907 6.733 6.600 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAICE III MIIS OF m;/SCl C?I 
163 

w IONS 
63 

h/A 82 %C ns AL SI CA TI CR FE II W GE SE SR za no Ftn 
4 12 13 14 20 22 24 2% 26 29 32 34 38 40 42 46 4:G 

. . . . . ..11*~*..+.....****.*******.*****....~........*.*~~~~***************..****~*~**~*~*~*..**.**..***.**..*.*..~*****...*..*.~.*~*. 

3:: 
6.870 6.620 7.930 7.910 7.770 9.266 10.010 10.633 10.920 il.330 11.680 12.390 12.810 13.368 13.670 13.793 14.209 14.680 
6.43% 8.298 8.792 8.816 8.%86 10.263 11.168 11.748 12.176 12.618 12.964 13.866 14.364 14.963 lb.186 16.470 16.073 16.380 
7.014 6.972 9.662 9.717 9.666 11.241 12.309 12.943 13.406 13.877 14.297 16.284 16.866 18.602 16.762 lf.OV% 17.861 18.120 
7.609 7.660 10.618 10.624 10.449 12.227 13.44% 14.130 14.627 16.123 16.626 16.694 17.334 18.02% 18.294 18.892 19.%03 19.82% 
8.221 8.33% 11.394 11.641 11.362 13.219 14.68% 16.319 16.847 16.366 18.848 18.098 18.806 19.640 19.824 20.276 21.318 21.614 

-E 
8.862 9.034 12.283 12.470 12.266 14.219 16.734 16.614 17.073 17.612 18.274 19.604 20.276 21.061 21.360 21.862 23.018 23.194 
9.603 9.746 13.18% 13.413 13.193 16.230 16.894 IT.719 18.308 18.886 19.607 20.916 21.760 22.6%% 22.880 23.431 24.712 24.874 

%:0 10.173 10.47i 14.106 14.372 14.136 16.266 18.008 18.93% 19.666 20.129 20.960 22.33% 23.233 24.089 24.418 26.016 26.40% 28.668 
6.6 10.8%4 11.212 16.040 16.348 16.092 17.294 19.264 20.186 20.816 21.404 22.30% 23.769 24.728 26.622 26.863 26.611 28.103 28.261 
7.0 11.676 11.969 16.992 16.341 16.06% 18.348 20.468 21.416 22.090 22.694 23.67% 26.21% 2%.23% 27.168 27.622 28.218 29.808 29.966 

8.0 13.08 13.63 17.96 18.38 18.07 20.61 22.92 23.9% 24.69 26.32 28.48 28.1% 29.30 30.31 30.69 31.47 33.26 33.40 

1::: 
14.62 16.17 IS.98 20.49 20.13 22.73 26.46 26.68 27.38 28.01 29.32 31.17 32.44 33.61 33.91 34.79 3%.74 36.92 
16.2% 16.87 22.08 22.68 22.28 26.03 28.0 

t 
29.27 30.10 30.78 32.2% 34.2% 36.64 38.79 37.22 36.19 40.30 40.60 

11.0 17.99 18.64 24.26 24.94 24.49 27.40 30.7 32.04 32.92 33.61 36.2% 37.43 38.93 40.16 40.69 41.66 43.92 44.18 
12.0 19.79 20.48 2%.60 27.28 26.77 29.83 33.61 34.89 36.82 36.62 38.36 40.67 42.30 43.68 44.06 46.20 47.61 47.90 

16.0 26.66 16.42 33.67 34.74 34.06 37.67 42.2% 43.89 44.97 46.71 48.08 60.90 62.90 64.38 64.90 68.32 69.16 69.60 
20.0 36.91 37.66 47.04 48.60 47.67 61.87 68.39 80.44 61.7% 62.62 86.88 89.6% 72.22 74.01 74.82 78.48 79.93 80.77 
26.0 49.96 60.49 62.09 M4.21 82.7% 67.86 76.37 78.8% 80.42 81.17 86.61 90.22 93.67 96.66 96.33 98.66 102.87 103.99 

%I:: 
84.68 04.88 78.77 81.49 79.67 86.48 W.16 99.09 100.89 lOl.%O 107.21 112.80 116.90 119.27 120.00 122.78 12r.34 129.23 
81.04 SO.74 97.01 100.38 97.92 104.63 117.66 121.07 123.10 123.74 130.62 137.26 142.14 144.78 146.68 148.81 163.89 166.40 

98 96 96 04 116 7% 120.81 117.77 126.32 140 84 144.73 147.00 147.66 166.77 163 62 169 23 172 13 172 96 176 89 182 27 186 4% 
it: 118'41 116‘73 137.9% 142 74 138 07 147.47 166.64 170 02 172 63 172 9% 182 62 191’63 198’12 201’27 202’12 206’34 212’43 210’3% 
60.0 139:33 13%:76 1%0:68 18%:13 161:77 171.04 192:Ol IV%:91 199:%6 199:96 2li:ll 221:26 228:76 232:lS 233:Ol 237174 244132 249:03 
66.0 161.68 168.07 184.68 190.93 186.84 196.00 219.91 226.34 228.32 228.46 241.21 262.63 201.09 284.72 236.69 270.83 277.91 283.43 
60.0 186.43 180.67 WS.92 217.11 211.24 222.31 249.30 266.27 268.49 268.46 272.87 286.62 296.09 298.93 299.80 306.66 313.16 319.62 

66.0 210.6 204.6 238.6 244.6 237.9 249.9 280.1 286.7 290.1 289.9 306.0 320.2 330.7 334.6 336.6 341.9 360.0 367.3 
70.0 237.0 229.6 264.6 273.6 266.9 278.8 312.4 319.6 323.2 322.7 340.7 366.3 387.9 372.2 373.0 379.8 388.4 39%.6 

Es: 
293.7 283.1 324.1 336.0 326.8 340.4 361.1 389.4 393.6 392.6 414.4 433.0 446.9 461.6 462.3 460.3 469.9 480.0 

100: 0 
366.4 341.2 388.4 401.4 390.0 406.8 466.1 464.6 469.3 487.7 493.7 616.6 631.8 636.9 637.6 646.6 667.4 689.4 
422.0 403.7 467.4 472.6 469.0 477.9 634.3 646.1 660.2 648.0 678.3 803.6 622.6 627.8 628.6 838.6 660.6 684.6 

160.0 821.0 776.9 886.4 894.3 887.9 697.7 1001.3 1019.4 1026.8 1020.2 1076.0 1121.0 1166.0 1161.6 1161.4 1177.7 1196.2 1221.2 
200.0 1319.3 1236.8 1369.7 1413.6 1372.3 1413.2 1674.6 1601.3 1609.8 1698.9 1684.2 1739.4 1794.6 1813.2 1811.4 1834.6 1860.2 1897.4 
260.0 1901.1 1767.4 1960.4 2013.1 1968.3 2007.2 2236.1 2277.9 2280.2 2269.3 2382.9 2449.2 2628.8 2662.6 2667.6 2693.3 2698.7 2672.8 
300.0 2662.2 2360.6 2697.8 2%81.4 2011.4 2%%6.4 zB70.1 3039.0 3026.4 2996.6 3169.1 3238.0 3344.2 3394.0 3386.6 3436.2 3429.0 3632.1 
360.0 3263.6 3007.6 3303.4 3409.7 3323.0 3388.4 3770.1 3869.7 3836.0 3796.8 4002.9 4096.4 4230.6 4297.2 4284.7 4349.2 4330.6 4464.4 

400.0 4028. 3702. 4060. 4191. 4086. 4160. 4627. 4769. 4704. 4863. 490%. 6263. 6246. 6326. 6296. 6461. 
460.0 4840. 4437. 4862. 6019. 4894. 4977. 6636. 6699. 5023. 6669. 6861. 

;;J;. 6179. 

8863. 7006: t:%: 
6286. 6263. 6360. 8314. 6614. 

600.0 6693. 6210. 6704. 6888. 6743. 6836. 6487. 8886. 8686. 6610. 7366. 7329. 7442. 7383. 7610. 

.*....***..++**.*..**~***..**..**.*...***..**..*.**..*.*..***.*..**~.**.**********.*...*..*.********.***.**~*********.**....******** 
E/A s.8 -lx BP LA PR sn CD HO l?l LU TA RI IR AU Pa SI ni 

60 62 6% 67 69 62 84 67 69 71 73 76 77 79 82 83 90 S2” 
. ..*......*.***t.**l~***~***.*.*.***...*.**..*...*.**~~.~****~*****.***...**.*.***~.*...*..*..****.*..**~*.**..~..*.**.*......~*.*~* 

52 
16.31 16.88 17.16 17.47 18.12 19.03 19.68 20.28 20.70 21.11 21.63 21.98 22.42 22.83 23.36 23.66 26.26 26.79 
17.23 17.90 19.16 19.47 20.13 21.17 21.79 22.62 23.09 23.66 24.02 24.61 26.06 26.49 26.06 26.24 28.06 28.63 

ti 
19.09 IV.86 21.10 21.40 22.08 23.23 23.90 24.86 26.36 26.89 26.40 26.93 27.66 28.02 28.61 26.79 30.72 31.33 

4:6 
20.90 21.76 23.01 23.29 23.98 26.23 26.97 27.02 27.67 26.16 28.70 29.26 29.96 30.47 31.09 31.26 33.30 33.94 
22.70 23.62 24.08 26.1% 26.86 27.20 28.00 29.16 29.74 30.37 30.96 31.66 32.33 32.86 33.61 33.68 36.83 25.60 

6.0 24.48 26.49 26.76 27.01 27.71 29.16 30.01 31.26 31.88 32.66 33.19 33.82 34.6% 36.22 36.90 36.06 38.33 39.02 

I?:: 
26.27 27.36 28.61 28.86 29.6% 31.11 32.02 33.36 34.01 34.74 36.41 36.08 36.97 37.66 38.27 38.43 40.80 41.63 
28.06 29.22 30.48 30.71 31.42 33.0% 34.02 36.46 3%.13 38.91 37.61 38.30 39.27 39.89 40.63 40.78 43.28 44.02 

P:! 
29.64 31.09 32.36 32.67 33.28 36.01 36.03 37.64 38.26 39.08 39.82 40.63 41.66 42.22 42.96 43.13 46.72 48.61 
31.66 32.98 34.23 34.44 36.16 38.98 38.04 39.64 40.39 41.26 42.03 42.77 43.86 44.64 46.34 46.4% 46.16 49.00 

x4 
36.29 3%.79 38.04 38.22 38.94 40.94 42.11 43.87 44.67 46.63 46.47 47.26 48.46 49.22 60.07 60.21 63.13 64.00 

1o:o 
39.01 40.6% 41.91 42.07 42.78 44.9% 4%.23 48.16 49.01 60.06 60.96 61.81 63.14 63.93 64.66 64.9% 68.12 69.06 
42.79 44.61 46.86 46.99 46.69 49.06 60.42 62.60 63.41 64.63 66.61 66.42 67.86 68.71 69.69 69.81 63.18 84.17 

11.0 46.66 48.63 49.86 49.99 60.68 63.21 64.69 66.92 67.88 69.09 60.14 61.09 62.66 63.66 84.60 69.70 88.31 69.36 
12.0 60.69 62.74 63.99 64.0% 64.74 67.46 69.04 61.42 62.43 BJ.72 64.84 66.86 67.61 88.48 69.68 69.68 73.62 74.02 

16.0 62.92 86.68 68.82 86.81 67.44 70.69 72.69 76.42 76.68 78.12 79.44 80.60 82.60 83.70 86.04 86.11 89.68 90.96 

%:: 109.6% 114.13 116.31 114.9% 116.30 120.47 123.47 127 82 129 43 131’02 133’88 136’64 138’%7 140’24 142’43 142137 149’67 161'49 
66.17 88.7% 89.97 89.80 90.31 94.49 90.93 100.61 101.90 103 6% 106 63 10% 96 109 61 110 86 112 69 112 60 118 43 120 03 

30.0 130.03 141.6% 142.79 142.24 142.38 148.68 t62.18 167:31 16S:14 iSi: 184:40 1%%:36 170:08 171:8% 174164 174.41 183:OS 186133 
36.0 164.62 171.28 172.36 171.69 171.49 178.77 183.00 188.92 190.97 194.27 197.10 199.33 203.64 206.66 208.81 208.66 218.86 221.48 

2:: 
196.0 202.9 203.9 202.9 202.6 211.0 216.9 222.6 224.9 228.7 231.9 234.4 239.4 241.6 246.4 246.1 268.9 269.9 

EC: 

227.3 238.6 237.6 236.2 236.6 246.2 260.7 268.3 260.8 266.1 288.8 271.6 277.1 279.6 284.0 283.6 297.1 300.6 
261.6 272.1 272.9 271.4 270.4 261.3 287.6 2B8.0 290.7 303.4 307.6 310.7 317.0 319.6 324.6 324.1 339.4 343.3 

8o:o 
297.6 309.6 310.2 308.4 307.0 319.2 326.2 336.6 338.6 343.8 348.4 361.8 368.7 381.6 567.3 368.7 383.9 388.1 
336.3 348.7 349.3 347.2 346.4 369.0 386.7 377.0 380.1 386.0 391.1 394.8 402.6 406.6 411.9 411.2 430.3 436.0 

66.0 
70.0 

374.8 389.7 390.2 387.8 386.6 400.6 409.0 420.2 423.6 430.0 436.6 439.7 448.0 461.3 468.4 467.6 478.7 483.8 

it: 

416.0 432.6 432.8 430.1 427.4 443.8 463.1 4%6.2 Qo8.9 476.8 482.0 486.4 496.6 498.9 606.8 606.9 629.1 634.7 
603.2 623.0 623.1 619.6 616.9 636.3 646.4 6%0.6 664.6 672.7 679.9 686.0 696.7 699.6 609.1 807.9 836.4 842.0 

1oo:o 
696.7 620.1 618.8 616.6 610.8 633.4 %46.2 %%2.4 07.0 876.3 884.7 690.6 702.8 708.9 718.3 7i8.B 749.0 766.6 
%S%.2 7Jb.3 722.8 717.8 711.7 737.8 762.6 T70.7 776.8 786.4 796.0 802.6 816.6 821.1 834.3 832.6 869.8 878.3 

160.0 1278. 1327. 
is::. 

1314. 1301. 1348. 1371. 1401. 1426. 1443. 1464. 1477. 
200.0 

1607. 1604. 1684. 
1986. 2060. 

1669. 

$2x 
2796. 28SS. 2898: 

:;W;. 2016. $XS;. 2121. 
it::. 

::2 
3062: %i: :::? 

2240. 2274. :z 
2984. 

2314. 2394. 2436. 

360:0 Zk 
p& y;. 3812: ?% 3880: 3938. 4013: 4023. 4069. 4120: ::t:: 4197 

. 4827. 4763. 4904. 4972. 6086. 6076. 

3188. 3202: %: 3244. 3;;;. 
4219. 4286. 4274. i%: 

6133. 6199. 6222. 6290: 6319. 6404. 6388. 6493: 6634. 

400.0 670%. 6813. 6948. 6912. 6831. 6998. 8077. ;;m&. 6197. 6268. 6361. %376. 8466. 
460.0 

EiEi: 
7069. %Vbl. 7163. 

6993. 8697. 6677. 
7062. 7oS%. 7244. 

8%17: 
7383. 

8691. 6869. 
7466. 7667. 7694. 

600.0 8269. 8362. %S~ 
7732. 7866. 

8244. 8301. 8143. 846%. 
7831. 

8624. 
7967. 5172. 

8721. V839. %V%8. . 9028. 9172. 9144. 9279. 9636. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

6L.BCTROIIC STOPPIIG POWER 11 U6ITS OF I’lSV/tMG/SQ QI) 

138.4 116.2 

6.0 6.6 122.0 110.7 2.: EC: 87.6 G:! 2x 82.3 68.8 E 62.9 61.6 61.0 ii%: 46.9 ii:: 61.3 

E 
7:o 

pg.; 11i:7 10412 g.5 64:2 2: E8 42:2 81.6 S4:4 -2J 61:9 %B" ii+:: 49.0 it.8 4618 Ei 
108.8 102.0 .E: . 2: 42:r 40.8 E:A 61.4 60:2 E:lfi X 46.4 4S:4 

'%*Y *-8 Ef: 76.2 78.8 74.2 71.2 82.6 MO.6 62.4 61.2 60.3 49.2 49.2 44.4 47.4 46.0 44.3 44.8 

93:1 2x 73.1 E:': 71.a ii!:; Ezl ix 43.6 it: 

ii:: L2 , 88.6 70.7 EL: 89.8 87.4 2:: 67:4 66.8 ii!:: :z . 5:; 

16.0 76.89 76.38 82.86 80.33 81.83 64.24 61.68 60.17 49.39 49.28 48.60 44.30 42.74 42.02 41.42 40.84 39.48 38.44 

2: 94.68 68.64 46.12 67.42 66.09 49.34 47.46 63.11 44.9' 64.62 48.44 61.84 46.48 41.48 44.76 40.63 44.16 40.03 44.13 40.04 41.70 37.90 39.80 38.22 34.44 36.06 37.91 34.40 37.77 34.60 34.94 33.82 36.94 33.03 36.26 32.32 
it: 46.84 60.66 47.34 61.90 44.92 41.31 39.92 43.37 44.81 41.08 42.43 3S.38 37.97 36.11 37.14 34.37 38.73 34.02 38.82 34.13 34.43 32.30 33.32 30.93 32.27 29.97 31.90 29.44 31.84 29.42 31.24 29.09 30.40 24.66 27.88 29.90 

ik: 
60:0 

42.09 34.94 40.42 43.44 38.34 36.44 37.08 34.84 34.18 36.70 38.44 34.34 32.72 30.49 32.08 30.09 31.76 29.82 31.88 29.94 30.14 28.37 28.91 27.19 24.37 28.03 28.18 27.77 27.74 28.l4 27.27 26.71 24.80 26.30 24.17 24.89 
38.37 38.03 33.71 32.81 33.69 32.37 24.96 28.40 28.16 24.30 28.81 26.71 24.94 24.76 24.74 24.36 23.94 23.41 

66.0 34.16 36.82 31.88 30.83 31.77 30.46 27.43 24.92 24.71 24.94 26.44 24.41 23.44 23.62 23.62 23.18 22.42 22.24 
40.0 32.23 33.49 30.26 29.27 30.17 29.16 24.10 26.82 26.43 26.68 24.24 23.24 22.68 22.43 22.44 22.11 21.79 21.28 

7"O.i 
4o:o 

30.66 29.08 32.20 30.71 28.82 27.66 27.90 2B.64 28.74 27.60 27.81 24.42 24.91 23.44 24.47 23.44 24.29 23.24 24.46 23.43 23.17 22.21 22.24 21.33 21.69 20.70 21.48 20.69 21.47 20.80 20.32 21.18 20.87 20.06 20.39 19.69 
24.69 24.18 26.38 24.69 26.36 24.69 22.04 21.87 21.63 21.89 20.66 19.76 19.10 19.09 19.11 18.88 18.81 19.20 

10:: i 24.67 22.09 24.12 24.40 23.80 22.10 22.47 21.42 23.64 22.09 22.89 21.47 20.64 19.28 20.21 18.97 20.08 18.84 20.24 19.02 19.19 la.04 18.46 17.34 17.92 18.84 17.46 18.79 17.88 18.81 17.84 le.80 17.42 18.40 17.04 18.06 

5z 260:0 12.78 13.99 12.81 12.41 12.70 12.63 11.27 10.96 11.11 11.26 10.16 "l/X& IgE 9.82 14.61 17.49 16.86 18.40 17.17 14.49 18.68 14.04 17.18 14.39 18.76 14.16 16.07 12.72 14.86 12.49 12.63 14.79 14.94 12.47 12.01 14.17 13.84 11.83 11.44 13.26 13.23 13.26 13.11 12.96 12.72 10.81 

E% 11.68 10.88 12.70 11.76 11.84 10.74 11.24 10.44 11.64 10.69 11.40 10.68 lOg.:Z! . 9.47 9.18 10.12 9.39 10.26 9.61 I;.;': 9102 '"9.:; 8187 9.26 4.69 0197 a.33 9:os 8.44 4.79 a. 17 

ii:.: 
60010 

10.00 9..47 11.02 10.46 10.11 9.80 9.29 10.03 9.62 9.92 9.41 8.93 a.48 a.42 a.19 2: t% a.4a 8.08 a.34 7.92 8.07 7.87 7.93 7.63 7.97 7.67 :z 7.96 7.49 7.31 
9.06 9.09 Et 0.08 9.10 9.00 a.11 7.84 a:02 a:13 7.71. 7.68 7.34 7.22 7.26 7114 E . 7.00 

*...........................,.............~..............................,.~*...~....*..~~..~...*......................~~.*......... 
E/I Sll T6 aA LA PR SU CD 80 ln LU TA RE IR 1U P9 BI nl U 

60 62 66 67 69 42 44 67 89 71 73 76 77 79 a2 a3 90 92 
. . . . . . . . . . . . ..C.............................................................~.............................~.......~................. 

3:s :2 
39.33 37.49 37.63 37.79 37.43 36.24 34.14 32.24 31.68 Jo.72 30.13 29.83 28.66 28.19 27.88 27.96 24.79 28.48 

32.00 31.60 30.42 30.02 29.84 29.76 28.49 42.41 41.23 39.33 40.49 39.36 40.60 39.82 40.78 39.32 40.63 37.16 38.37 38.03 37.26 34.13 36.38 33.46 34.72 32.41 33.44 33.27 32.77 31.70 31.29 30.92 31.00 29.66 2g.i; 

t:: 43.12 43.60 41.19 41.68 41.20 41.69 41.87 41.48 41.71 41.24 39.14 39.61 38.02 38.60 38.73 38.2l 36.67 34.11 34.74 36.30 24.12 34.69 33.43 34.20 32.68 33.17 32.74 32.16 31.77 32.36 32.42 31.86 30.46 30.99 3O:lO 30.43 

i:E 43.48 43.66 41.76 41.78 41.74 41.77 42.04 42.06 41.91 41.96 39.93 39.46 36.76 34.96 37.03 37.16 38.44 34.41 36.84 36.43 36.04 36.23 34.66 34.74 33.66 33.74 33.12 33.36 32.72 32.94 32.79 33.01 31.33 31.64 30.97 
2 

710 

43.64 43.33 41.86 41.44 41.67 41.49 41.96 41.78 41.88 41.72 39.90 39.79 34.44 38.73 37.21 37.14 38.47 38.83 36.89 36.97 36.31 36.30 34.46 34.96 33.89 33.91 33.47 33.49 33.04 33.07 33.11 33.14 31.83 31.66 31:2S ii.;; 

43.04 41.23 41.24 41.62 41.60 39.69 3a.67 37.04 38.63 36.79 36.22 34.70 33.86 33.46 33.02 33.09 31.61 31.24 

1o:o 2 

42.40 40.62 40.83 40.90 40.93 39.09 34.10 38.66 38.14 36.47 34.92 34.60 33.63 33.23 32.80 32.48 31.39 31.03 
34.60 34.10 33.28 32.89 32.46 32.61 31.06 30.70 

41.86 40.86 39.91 39.16 39.92 39.17 40.20 39.44 40.26 39.62 38.49 37.92 37.63 36.90 38.16 36.69 36.72 36.18 36.03 34.63 34.01 33.63 32.42 32.46 32.02 32.03 30.86 30.30 
11.0 40.03 34.39 38.41 38.67 38.77 37.14 38.25 36.00 34.61 33.94 33.48 33.11 32.34 32.00 31.66 31.82 30.20 29.86 
12.0 39.22 37.43 37.46 37.91 58.03 3S.44 36.68 34.39 34.02 33.41 32.93 32.64 31.84 31.61 31.07 31.13 29.74 29.41 

16.0 34.90 36.42 36.46 36.70 36.46 34.42 33.64 32.68 32.27 31.72 31.28 30.94 30.30 30.01 29.64 29.84 28.32 26.01 
20.0 33.64 32.23 32.27 32.49 32.69 31.43 30.76 29.46 29.61 29.14 28.76 24.44 27.91 27.88 27.27 27.32 26.12 26.84 
26.0 30.79 29.80 29.84 29.48 30.07 24.96 24.34 27.67 27.36 24.94 24.80 24.38 26.84 26.88 26.27 26.33 24.22 

St: 28.61 26.80 27.42 26.69 27.47 26.84 27.47 26.83 26.06 27.89 24.47 26.12 28.32 24.82 26.44 24.01 26.46 23.86 26.09 23.61 24.77 23.22 24.66 23.03 22.62 24.11 22.44 23.96 22.13 23.68 22.18 23.63 21.23 22.81 ;.;; 21:02 

::: 24.98 23.64 24.03 22.49 24.09 22.76 24.27 22.92 24.49 23.14 23.63 22.34 23.16 21.90 22.61 21.39 22.44 21.26 22.14 20.98 21.89 20.73 21.71 20.67 21.34 20.22 21.22 20.12 20.88 19.80 20.93 19.84 20.04 19.01 ;;.t; 

so:0 2: 

22.36 21.63 21.68 21.76 21.96 21.21 20.40 20.33 20.21 19.96 19.71 19.64 19.24 19.16 18.44 18.89 18.09 17192 
la.41 14.67 18.37 la.28 17.99 18.04 17.28 17.12 

21.29 20.34 20.60 19.68 20.66 19.64 20.71 19.79 20.93 20.00 20.21 19.32 is.83 18.96 19.39 18.66 16.46 19.28 19.03 18.22 18.01 17.84 17.69 17.62 17.23 17.28 18.64 16.40 

FE 19.49 18.72 18.77 18.03 la.82 18.09 16.97 18.23 is.14 10.43 18.63 17.82 17.49 la.19 17.80 17.12 17.71 17.04 17.49 16.83 17.29 la.44 18.62 17.18 18.89 16.28 14.82 14.20 18.66 16.94 16.60 16.98 16.32 16.91 16.76 16.18 

1oo:o i??: 

17.40 14.78 18.82 14.96 17.14 18.68 18.2a 16.96 16.87 16.88 16.61 16.40 16.16 16.11 14.87 14.91 14.29 14.17 
14.72 il.64 14.46 14.24 14.19 13.96 14.00 13.43 13.31 

16.29 16.36 16.70 14.79 14.96 16.76 16.47 14.94 18.07 16.16 16.64 14.46 16.24 14.40 14.98 14.12 14.89 14.06 13.90 13.74 13.86 13.46 13.41 13.19 13.23 12.89 12.68 

160.0 ;;A; II/; 11.79 11.87 12.03 llg:AJ~ I;.;; I;.:; I;.;; llg.'D; 

9:21 a190 9.98 4.80 lcpct 10.21 9.00 8.76 a:86 8161 6:61 a:42 

Ei: t::r: i::; 
a:07 
7.60 ;:g t-g . ;:f: T:iS T:E ;::: 

E-:: 
r&3:0 

7.366 7.002 7.114 6.764 7.041 6.697 7.084 8.719 7.171 6.421 7.009 8.464 4.939 6.600 6.823 8.492 4.829 8.4S9 6.766 6.428 4.869 8.334 4.444 8.326 4.674 4.262 6.633 4.219 6.431 0.123 4.461 6.142 8.401 6.093 6.209 6.913 
8.709 6.441 4.414 8.439 8.637 6.392 6.327 4.224 6.231 8.144 4.078 6.044 6.006 6.988 6.874 6.892 6.843 6.473 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

168 
IUIGE II USITS OF nG/SQ m CD 105.9 

44 

WA BE 
4” 12 

ni AL SI CA ll CR FE II W GE SE SR A It0 
4 13 14 20 22 24 2% 20 29 32 34 38 40 42 

. . ..*...**..***1.*++...*~*.***....**...***.**....**.......**.**...........**.*..*****.*...*...~....*~.*~*....**.*..*.*. 

::i 4.663 6.580 6.720 4.410 8.564 8.078 8.050 8.580 7.320 8.82% 10.460 5.434 10.200 11.378 10.729 11.546 11.120 12.354 11.640 12.860 11.800 13.158 12.820 14.111 13.040 14.411 13.600 16.223 13.820 16.454 14.049 16.767 
3.: 7.740 7.138 7.743 7.056 10.70% 5.827 10.814 9.894 10.441 5.734 12.466 11.463 12.638 13.452 13.17% 14.346 14.888 13.547 14.130 16.35% 14.643 16.512 16.654 14.957 17.541 14.137 14.758 18.348 18.426 17.068 17.410 
4:6 8.36% 8.47% 11.656 11.744 11.667 13.441 14.860 16.692 14.127 14.46% 17.264 18.423 19.134 15.886 15.033 

20.17% 20.440 

Bs 
46 4$ 

~............. 
14.474 14.860 
14.371 14.883 
18.18% 18.462 
19.340 20.187 
21.702 21.501 

2: 8.557 5.464 9.184 5.506 12.494 13.411 12.488 13.644 12.483 13.423 14.476 16.601 14.014 17.130 14.804 18.024 17.371 18.424 15.194 17.523 18.402 15.564 19.849 21.281 20.427 22.123 21.41% 22.367 21.728 23.281 23.844 22.242 23.42% 26.148 23.407 26.312 
4.0 10.331 10.441 14.341 14.414 14.377 16.640 18.379 13.241 19.888 20.474 21.314 22.722 23.427 24.601 24.83% 26.463 24.844 27.021 
4.6 11.028 11.391 16.288 16.404 16.348 17.653 19.683 2O.609 21.146 21.76% 22.491 24.176 26.143 24.064 26.408 27.070 2.5.688 28.738 
7.0 11.744 12.167 14.262 14.410 14.334 18.442 20.803 21.773 22.468 23.074 24.079 26.442 25.472 27.424 27.989 28.459 30.317 30.454 

1o:o t.8 

13.24 13.74 18.23 18.47 18.34 20.86 23.2% 24.36 26.0% 26.74 24.90 28.42 23.78 30.80 31.1% 32.00 33.80 33.5% 

14.82 14.47 16.3% lP.il 20.28 22.41 23.02 20.81 20.46 22.42 23.10 26.42 26.84 28.60 27.00 25.73 30.67 27.7% 28.44 31.24 32.77 25.80 31.47 34.80 32.56 35.20 34.06 37.37 34.44 37.81 36.38 38.80 37.34 40.54 37.62 41.16 
11.0 18.21 18.50 24.41 26.31 24.86 27.82 31.21 32.63 33.42 34.13 36.81 38.00 39.63 40.77 41.23 42.30 44.41 44.86 
12.0 20.02 20.76 25.88 27.47 27.14 x).28 34.01 36.40 38.36 37.07 38.93 41.23 42.53 44.24 44.72 46.89 48.36 48.43 

16.0 26.93 24.74 34.12 36.20 34.61 38.10 42.86 44.60 46.40 48.36 48.77 61.42 63.46 66.16 66.4% 67.13 60.01 80.47 
E:o" 37.24 60.34 38.06 60.98 42.77 47.40 54.93 45.1% 53.44 48.16 48.64 62.62 n.24 69.13 41.21 79.7% 42.66 81.37 82.14 83.33 58.74 85.44 70.44 51.30 94.49 73.16 98.82 74.58 76.40 77.43 al.00 al.as 

57.61 33.86 103.54 
2:: 56.17 81.40 75.67 57.53 

106.28 
56.46 81.40 101.34 82.33 80.39 58.87 106.49 84.38 118.86 97.19 100.17 122.30 102.00 124.37 102.72 126.03 108.41 131.58 114.07 138.70 118.21 143.43 120.42 144.32 121.37 124.19 128.81 130.72 

147.12 160.42 166.64 168.10 

2:: 119.12 33.40, 117.64 58.7% 135.12 117.80 143.56 121.89 118.84 140.24 124.61 148.73 147.13 142.18 144 171:67 12 174111 148 42 148 174167 59 167 184:32 30 146.14 153.33 199 170.51 98 203:19 173 a4 174.70 178 4a 184.14 187 37 

137.47 230:80 
204.06 208'34 214.60 218'44 

60.0 140.12 141.87 147.47 143.09 172.60 153.46 158.41 201.39 201.71 212.98 223.23 234.26 236.14 239:92 244.69 
66.0 142.66 

261:34 
163.0% 186.94 192.33 187.28 137.69 221.70 227.20 230.21 230.38 243.26 264.78 283.32 247.01 287.90 273.20 280.37 286.54 

40.0 184.37 181.78 211.44 218.70 212.81 224.03 261.24 267.2% 260.64 250.63 276.07 287.56 237.60 301.41 302.31 308.13 316.80 322.23 

46.0 
70.0 

211.4 206.7 238.2 244.4 235.4 261.8 282.2 288.8 292.3 252.1 308.4 322.7 333.3 337.4 338.3 344.7 362.5 360.2 

ZE 

238.1 230.8 244.3 276.3 247.7 280.8 314.7 321.8 326.4 326.1 343.3 365.0 370.7 376.0 376.9 382.8 351.6 359.7 
296.3 284.4 324.1 337.1 327.4 342.7 383.4 392.0 394.2 396.3 417.3 434.0 460.0 464.8 466.4 453.4 473.4 483.6 

100.0 
364.9 342.5 350.7 403.8 352.3 405.3 467.5 467.4 472.3 470.8 494.5 618.5 636.3 640.4 641.2 660.3 641.2 673.3 
423.4 406.6 465.9 476.2 481.4 480.4 637.4 648.3 663.6 661.3 681.8 507.3 424.3 431.8 432.4 642.7 464.7 668.9 

160.0 823.4 ??a.7 870.0 898.1 ml.6 501.7 1006.8 1024.0 1031.6 1024.5 1081.1 1124.3 1140.6 1147.3 
200.0 1322.6 1239.6 1374.4 

1167.1 1183.4 
1418.6 1377.1 1418.4 1680.3 1407.3 

1202.1 1227.2 
1416.9 1403.0 1450.7 1744.2 1801.5 

260.0 1306.2 1772.0 
1820.4 

1564.1 2019.0 1944.2 2013.6 
1818.4 1842.0 1867.7 1906.2 

2242.2 2286.2 2287.4 2258.7 2390.6 2467.4 
300.0 2667.2 

2637.3 2671.2 
2355.2 2604.6 2488.4 

2644.4 2402.2 1007.8 
2418.3 2476.8 2978.4 3047.6 3334.0 

2482.2 
3004.1 3148.2 3247.6 3364.1 3404.1 

360.0 3249.6 
3356.7 3446.4 3435.6 

3Ol4.0 3311.0 3417.7 3330.8 3355.7 
3642.9 

3775.6 5873.4 3846.7 3806.6 4013.2 4106.1 4241.8 4308.4 4298.2 4340.9 4342.4 4474.6 

400.0 4200. 4056. 4149. 4538. 4770. 4716. 6024. 6192. 
460.0 iii:;. pz. pg. p& ix: i%' 

6274. 6269. 6339. 6308. 
4504. 4587. 

6474. 

6702: 6219: 6716: 
6644. 6711. 6436. 6958. 4157. 

600.0 e-977: 
4299. 6277. 4374. 4329. 

6763. 
462%. 

6844. 4600. 8898. 4699. 4623. 7019. 7260. 7371. 7344. 7468. 7358. 7434. 

***.....**C.*..*.*.**...****.***..~*.*..*.~**.*.**..***~*.*~*.***..*~.***.****.*.*...~...~.*.**..*.*.***....~..**********.*.*.**.*** 
E/A SI 'I% BP U PR SH CD ED RI ,,U 11 RE IR AU pB BI 'IB 

60 62 64 67 69 42 84 47 49 71 73 76 77 79 a2 a3 so 52" 
*+**~..****.**********.*.*****..***************..*****~****..****.*******~**~*****.*****~***.*.*.*..**..****.*****..*********.**...* 

2.6 
3.0 
3.6 

44:: 

16.69 14.17 17.46 17.78 18.43 19.34 15.32 20.44 21.07 21.4% 21.92 
17.66 18.22 19.60 15.82 20.49 21.64 22.17 23.02 23.60 23.98 24.46 
15.44 20.20 21.48 21.78 22.44 23.43 24.32 26.29 26.81 24.36 24.88 
21.28 22.14 23.41 23.70 24.39 26.47 24.42 27.4% 28.08 28.88 25.22 
23.10 24.04 26.32 26.6% 24.30 27.57 28.48 29.8% 30.24 30.51 31.61 

24.52 26.54 27.21 27.47 28.18 25.88 30.63 31.80 32.44 
28.73 27.83 29.10 25.36 30.07 31.44 32.68 33.53 34.80 
28.64 25.72 31.00 31.23 31.96 33.82 34.6% 35.06 35.74 
30.34 31.42 32.90 33.12 33.84 36.80 36.83 38.17 38.51 
32.18 33.63 34.81 36.02 36.74 37.69 38.48 40.30 41.07 

22.37 
24.58 
27.41 
25.7% 
32.12 

22.83 23.24 23.78. 23.k26.49 24.24 
26.60 26.96 28.62 24.71 28.66 29.13 
28.04 28.62 29.12 25.31 31.26 31.87 
30.60 31.01 31.44 31.82 33.89 34.63 
32.50 33.46 34.11 34.28 36.46 37.13 

6.0 
6.6 

2: 
7:o 

33.14 
36.36 

31% 
4l:SC 

33.78 

2% 
40:60 
42.74 

34.41 
34.4% 

E*E 
43:60 

36.27 36.84 35.63 35.70 38.99 39.70 
37.41 38.22 38.54 39.10 41.60 42.24 
39.96 40.68 41.33 41.49 44.00 44.77 
42.28 42.94 43.72 43.87 44.60 47.29 
44.81 46.30 45.11 46.24 45.00 49.82 

E 
1o:o 
11.0 
12.0 

16.0 

iii:: 

ii:: 

2: 

it: 
40:o 

160.0 
200.0 
260.0 
300.0 
360.0 

400.0 
460.0 
600.0 

36.88 37.3% 38.44 38.86 33.67 41.41 42.80 44.69 46.42 45.39 47.26 
35.44 41.32 42.6% 42.76 43.47 46.48 44.57 48.93 49.81 
43.47 

60.87 61.80 
46.31 45.68 45.72 47.43 45.82 61.22 63.33 64.27 66.41 

47.38 SO.44 
64.41 

49.3% 60.74 61.44 64.04 66.64 67.81 68.7% 
61.37 

50.02 41.09 
63.66 64.81 64.4% 66.68 sB.33 65.94 42.34 83.40 54.71 46.86 

53.83 58.63 87.79 57.78 88.42 71.72 73.44 74.63 77.71 
85.31 89.54 31.17 91.00 91.62 36.78 58.23 101.87 103.2% 

110.92 116.66 114.74 115.3% 114.74 121.97 126.02 
137.41 

125.43 131.07 
143.30 144.44 143.90 144.06 160.32 163.57 165.17 141.03 

144.31 173.16 04.24 173.47 173.38 180.76 186.03 131.03 193.12 

75.27 
106.28 

:x 
194:44 

80.42 

:PEF 
144:37 
199.33 

197.0 206.0 204.0 206.0 204.7 213.2 218.1 226.0 227.3 
229.4 

231.1 234.4 
238.5 233.8 234.4 237.3 247.4 263.2 280.5 253.4 287.7 271.6 

254.0 274.4 276.6 274.0 272.3 283.3 250.3 238.8 301.4 305.4 
300.2 

310.4 
312.3 313.0 311.2 303.4 322.1 325.2 338.4 341.4 

338.2 
344.5 361.6 

361.7 362.3 360.2 348.4 352.1 345.9 380.3 393.6 389.4 354.6 

377.5 352.5 353.4 351.0 388.8 403.8 412.6 423.8 427.2 
419.2 436.5 434.3 433.6 430.8 447.3 464.8 445.0 
MM.9 

472.7 
624.8 624.5 623.6 613.8 635.4 660.6 664.7 

600.8 
658.9 

424.3 424.1 415.9 416.0 537.9 460.8 
TOO.7 

687.1 471.7 
728.1 727.6 722.6 714.4 742.4 767.4 776.8 781.0 

zz 
677:1 
481.1 
751.7 

1284- ii%- 1331. 1321. 1307. 1363. 1378. 

3704: :tz 

1408. 1414. 

. 
Et: 

4879. 4849. 4778. 49818. 

1461. 
2234. 
3134. 
4134. 
6214. 

6721. 6928. 6941. 6527. 6844. y:. pl3;. Glf. 
5013. 

40s3. 7076. 
8213. 

4577. 
4284. 5347. 

7149. 7241. E:. 
. 8277. 

7686. 
8141. a380. 8484. 8634: 22 . ;::z. . 8868. 
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48.06 49.29 60.04 60.51 61.06 64.01 64.89 
62.48 64.01 64.82 66.76 66.88 69.07 80.01 
67.33 68.79 69.46 50.46 60.77 84.19 46.19 
42.04 43.44 84.66 46.42 46.73 49.3% 70.44 
65.a7 88.67 49.63 70.47 70.77 74.66 76.78 

81.80 83.83 64.94 66.31 86.37 90.9% 92.29 
108.42 111.01 112.37 114.14 114.16 120.04 121.87 
137.28 140.44 142.04 144.24 144.20 161.49 163.44 
148.36 172.10 173.52 174.44 174.61 186.28 187.64 
201.6% 206.96 207.59 211.24 211.03 221.34 224.M) 

241.9 244.2 248.0 247.7 269.7 242.7 
280.0 282.4 284.3 284.6 300.1 303.6 
320.0 322.7 327.8 327.3 342.8 344.4 
352.1 354.9 370.7 370.1 387.6 391.7 
404.0 409.1 416.4 414.9 434.2 438.5 

443.4 
490.4 
689.6 
496.6 
808.0 

1441. 
2260. 

3%. 
6237: 

461.9 466.1 462.4 451.6 482.5 488.0 
455.4 603.0 611.0 610.1 633.6 639.1 
800.3 804.1 413.8 412.4 640.4 697.0 
707.9 712.0 723.6 722.0 764.6 742.1 
822.1 824.4 840.0 438.2 876.4 884.3 

1486. 1451. 1616. 1612. 1678. 1652. 
2284. 2293. 2330. 2324. 2406. 2446. 
::z 3214. g2. 3264. 3344. 4386. 3417. 4490. 

6306: 3 . 6420: %: 6609. 6560. 

5353. 
7412. 
8888. 

%c 
8953: 

7761. 4610. 7874. 8514. 7860. 4694. 7577. 4709. 5887. 
8192. 9048. 5192. 5144. 9259. 
9667. 
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*.....,..*"1.+..***..**...**....*.~*..*.*..*~~~.***.*******.*....*****.***~.*...**.****..~.****.*....~**.***********.*..**.*****.*~ 
39.87 37.99 38.03 38.29 37.93 36.76 34.83 32.69 31.98 31.13 30.63 30.02 28.94 28.66 28.26 28.32 27.14 26.83 
41.82 39.89 39.92 40.19 39.89 37.88 38.66 34.82 33.93 33.07 32.46 31.94 30.66 30.45 30.10 30.18 28.89 26.66 

36.24 34.39 33.77 33.26 32.17 31.76 31.38 31.46 30.10 29.74 
43.79 41.83 41.86 42.13 41.92 39.76 38.62 26.77 38.12 36.26 34.86 34.16 33.08 32.66 32.26 32.34 30.92 30.66 
44.21 42.26 42.28 42.64 42.38 Qo.24 39.12 37.32 36.69 36.86 36.24 34.74 33.70 33.26 32.86 32.33 31.48 31.11 

44.39 42.44 42.46 42.74 42.61 40.61 39.39 37.64 37.04 30.23 36.61 36.13 34.10 33.67 33.26 33.33 31.86 31.47 
44.40 42.47 42.48 42.76 42.67 40.81 39.61 37.81 37.23 38.43 36.83 36.36 34.36 33.91 33.49 33.66 32.07 31.69 
44.30 42.39 42.39 42.68 42.81 40.69 39.61 37.84 37.30 36.61 36.92 36.46 34.47 34.04 33.81 33.68 32.18 31.80 
44.10 42.21 42.22 42.60 42.46 40.48 39.42 37.81 37.28 38.60 36.92 36.46 34.60 34.08 33.66 33.72 32.21 31.83 
43.84 41.98 41.88 42.27 42.26 40.30 39.26 37.70 37.18 3G.43 36.86 36.40 34.47 34.06 33.61 33.68 32.17 31.80 

43.19 41.3s 41.38 41.68 41.89 39.82 38.81 37.33 38.86 38.13 36.67 36.14 34.26 33.86 33.40 33.47 31.96 31.60 
42.46 40.88 40.89 40.96 41.02 39.22 38.24 38.84 36.39 36.70 36.18 34.76 33.8% 33.61 33.08 53.13 31.64 31.27 
41.86 39.93 3S.94 40.21 40.29 38.68 37.82 36.29 36.88 36.19 34.67 34.28 33.46 33.09 32.84 32.71 31.24 30.88 
40.83 39.16 39.18 39.44 39.66 37.87 3G.96 36.63 36.29 34.66 34.14 33.77 32.96 32.63 32.18 32.24 30.80 30.46 
40.02 38.33 38.41 38.87 38.80 37.18 3G.30 36.08 34.71 34.09 33.60 33.23 32.48 32.14 31.69 31.76 30.33 29.99 

37.69 36.18 36.20 38.46 38.62 36.16 34.36 33.27 32.96 32.39 31.34 31.61 30.93 30.64 30.20 30.26 28.91 28.69 
34.30 32.96 32.99 33.22 33.42 32.13 31.43 30.63 30.27 29.78 29.39 29.11 28.63 28.29 27.87 27.33 26.70 26.41 
31.61 30.29 50.33 30.66 30.77 29.82 28.99 28.21 27.WP 27.66 27.21 26.97 26.46 26.28 26.86 26.91 24.78 24.62 
29.20 28.08 28.13 28.33 28.66 27.61 28.96 29.26 26.06 26.69 26.36 26.16 24.69 24.62 24.14 24.20 23.16 22.91 
27.X 28.22 28.27 2G.47 26.89 26.74 26.22 24.80 24.43 24.09 23.79 23.69 23.18 23.03 22.67 22.72 21.76 21.63 

26.81 24.64 24.89 24.88 26.10 24.22 23.74 23.17 23.02 22.71 22.44 22.26 21.87 21.76 21.40 21.46 20.64 20.34 
24.d8 23.27 23.33 23.61 23.73 22.90 22.46 21.94 21.80 21.61 21.26 21.09 20.73 20.63 20.30 20.36 19.49 19.30 
22.84 22.08 22.14 22.31 22.63 21.76 21.34 20.86 20.73 20.48 20.22 20.07 19.73 19.64 19.32 19.37 18.66 18.38 
21.86 21.04 21.09 21.26 21.47 20.74 20.36 19.90 19.78 19.63 19.30 19.16 18.86 18.76 18.46 18.61 17.73 17.68 
2G.88 20.10 20.16 20.32 20.63 19.84 19.47 19.64 18.94 18.70 18.49 18.36 18.06 17.98 17.89 17.73 18.93 16.84 

20.01 19.27 19.33 19.48 19.69 19.03 18.68 18.28 18.18 17.96 17.76 17.82 17.34 17.27 18.99 17.04 16.33 16.18 
19.23 18.62 18.68 18.72 18.83 18.30 17.96 17.69 17.60 17.28 17.09 18.98 16.70 16.63 16.37 16.41 16.73 16.69 
17.88 17.22 17.28 17.41 17.82 17.03 18.73 16.38 16.30 18.11 16.93 16.82 16.68 16.62 16.27 16.31 14.68 14.66 
18.76 18.13 16.19 18.32 18.61 16.97 16.89 16.38 16.13 14.96 14.88 14.63 14.69 14.36 
16.79 16.21 16.28 16.38 16.67 16.07 14.80 14.62 

1.6.30 
14.46 14.29 14.13 14.04 13.63 13.78 13.66 

:f.;g 
. 

;;.tl; 
. 

;;.;i 
. 

7.6S2 7.333 7.268 7.282 7.392 7.226 7.163 7.033 7.040 6.383 8.864 6.861 6.761 6.734 6.629 6.660 6.698 
7.219 8.974 8.904 8.927 7.032 8.874 8.806 8.893 6.700 6.827 6.634 6.621 8.466 6.412 6.312 6.332 6.281 

f.$O‘l 

8.917 6.882 8.618 6.639 6.740 6.69D 6.623 6.417 6.424 6.366 8.267 8.264 6.192 6.161 6.066 6.076 6.024 6:849 

TABLE I. Stopping Power and Range for Heavy Ions 
!3ee page 8 for Explanation of Table 

ELSCIROIIC 6TOPPIIG POMR II WITS OF lW/tHG/SQ Ql) 
163 

I3 IOGS 
86 

WA 8% *c Ki L SI CA TI CR F% %I aJ GE SE SR m no RR 
4 12 13 l4 20 22 24 26 28 23 32 34 38 40 42 46 4:G 

..*+***.*.*..****L+....*****....****~.*.**********~..********..****.*.****~**.**~~~*~.*****.**.*.**...*..*****.*.****..~*~~...~..~*. 
141.8 114.8 87.2 62.7 41.0 
139.2 117.0 8:X z&t . z:: :t.z ::t 

136.9 117.2 s9:2 

2; ii.; 

132.2 116.3 Z-d 
e&6 

2: 
G4:7 

Et 
63:e 

69.7 ::: 4r:a ii.: 
69.8 48.3 47:o 

::i 124.7 121.0 112.8 110.7 63.8 

2: 

62.3 62.2 61.7 61.8 .R: ii:: 47.1 47.1 

117.6 108.6 61.3 61.4 114.2 108.3 3 61.6 61.1 Ez ii:: g.t 
61.1 60.7 4v:2 48.4 4814 

66.3 63.4 3 60.1 49.7 48.3 46.8 46.7 

66.0 62.2 47.4 46.1 63.6 

62.3 ii.; 

49.0 2: if:; 44.4 Z-i:: 

48:s 47.9 2: 2: Et 61.0 46.8 4416 43.6 42.7 % 

16.0 77.83 77.17 64.08 81.69 63.22 69.66 62.70 61.27 60.47 60.34 47.62 46.26 43.68 42.93 42.71 41.72 40.32 39.87 
Z:: 138.28 68.08 GG.76 69.11 68.40 SD.69 64.36 48.81 60.16 66.80 62.90 47.78 46.94 42.48 46.78 41.49 46.16 40.99 46.14 41.04 42.86 38.80. 40.71 37.08 39.36 36.88 38.77 36.42 36.31 38.62 37.80 34.61 38.77 33.81 33.07 38.04 

E:Z 47.13 61.93 488.63 63.28 46.06 42.38 44.46 40.94 46.72 42.13 43.68 40.36 38.91 36.99 38.GB 36.24 37.63 34.87 34.99 37.72 36.68 33.11 31.70 34.13 33.06 30.72 32.68 30.40 32.61 30.36 32.00 29.81 31.34 29.26 30.82 28.67 

2:: 43.27 40.08 44.87 41.74 3.79 39.34 38.03 36.68 39.16 3G.64 37.63 36.24 33.66 31.43 32.88 Jo.88 32.66 30.60 32.69 30.74 30.96 29.10 23.66 27.PO 28.74 27.06 28.48 26.83 28.44 20.81 27.P6 26.37 27.48 26.94 26.83 26.33 

8G:o E.8 

37.41 39.09 34.81 33.48 34.49 33.23 29.71 29.16 28.30 29.06 27.61 26.38 26.69 26.40 26.39 24.99 24.80 24.02 

36.13 33.18 3G.82 34.86 32.73 31.07 31.G7 30.08 32.83 31.00 31.48 29.34 28.16 28.80 
27.G4 27.42 27.67 26.12 26.06 24.31 24.14 24.14 23.77 23.42 22.87 
29.32 26.11 28.27 24.89 23.89 23.18 23.03 23.04 22.70 22.37 21.86 

E 
So:0 

31.44 29.92 31.63 33.12 28.32 29.82 28.67 27.42 29.66 28.27 28.67 27.36 24.61 26.69 24.09 26.14 24.96 23.91 26.11 24.08 23.80 22.82 21.31 22.84 21.27 22.17 22.04 21.16 22.06 21.16 21.73 20.87 21.44 2Q.63 20.94 20.12 
27.37 28.99 26.10 26.28 X.07 26.27 22.66 22.28 22.13 22.29 21.13 20.30 19.71 19.62 19.64 19.38 13.13 18.70 

90.0 26.29 26.88 24.27 23.62 24.26 23.64 21.12 20.78 20.66 20.81 19.73 18.96 18.42 18.36 18.36 18.13 17.30 17.61 
100.0 23.67 26.11 22.74 22.04 22.73 22.09 19.83 19.61 19.40 19.66 16.66 17.83 17.32 17.26 17.28 17.07 16.86 16.60 

160.0 18.01 19.37 17.68 17.16 17.68 17.26 16.62 16.29 16.22 16.37 14.69 14.04 13.64 13.62 13.64 13.60 13.33 13.09 
:i%: 14.96 13.16 16.32 14.41 14.83 13.20 12.79 14.48 14.82 13.08 12.92 14.68 13.10 11.62 12.87 11.28 12.30 11.46 11.69 13.06 12.37 10.99 12.18 11.76 11.63 10.26 11.67 11.42 10.12 ;;A; 1;:;; 

%:8 11.01 11.92 13.09 12.11 12.00 11.11 11.62 10.78 11.89 11.02 11.76 10.89 '"9.:;: . 1"9.l$ . '"9.;; . I;.;=& . '"9.x& . l;.;; 9:1s I",.;; 8:66 9.36 8.69 1;.3qG& 8173 9.24 8.69 9:37 8.70 8.42 9.OG 

400.0 8.88 9.10 

x a:se 

8.74 8.60 8.32 8.06 7.93 

%:: 8.44 6.08 x*;: . 8.31 7.96 ?A? . 7.30 7.67 z5 7144 E 7.40 x: . %8 7.46 7.64 7.22 

.I~......**..~...*...~.~..*~..**~....~****..*...********~***.~*.....**.**.*..*.*.**.**.*~**.*.*..*.*.~.*.*.**~**.~...~*~~*.......... 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

169 
RAIGE II WITS OF HG/SQ Ql TB xois 

66 

WA BE I42 AL SI CA l-I CR FE 61 al GE SE SR za no Rn 
4 ec 12 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4;G 

*..++.****+...*+..***.~**.*~~*.***.***.**~....**********~~.*~*.**.*****.*..**.~~****.**.*..***.***~*..*....*.~~****.***~*.**.~.~.*~* 
2: 4.606 6.940 4.366 6.680 8.028 8.896 6.921 8.010 7.870 8.771 10.378 9.371 10.130 11.296 10.463 ll.a7a 11.040 12.304 11.460 12.7tJo 13.101 11.720 12.640 14.019 12.940 14.618 13.616 16.126 13.730 13.964 14.370 14.740 

16.341 16.549 
7.084 7.043 3.781 9.828 S.SS6 11.372 12.447 

16.263 
13.081 13.644 14.028 14.440 16.469 

lS.669 
16.032 14.487 

7.724 
14.941 17.268 

7.677 10.430 10.739 10.664 12.364 
18.064 

13.630 14.276 14.774 16.282 16.794 14.873 
10.314 

17.621 18.222 18.494 
a.287 a.412 11.603 11.668 11.470 

18.496 13.611 
13.369 14.736 16.470 16.001 14.632 17.126 

20.032 
18.291 13.000 19.744 20.033 20.488 21.634 21.731 

i:: a.916 9.662 9.111 3.822 12.339 13.303 12.689 13.634 12.386 13.316 14.343 16.377 16.888 17.060 16.649 17.878 17.232 la.471 17.783 19.040 14.468 19.796 13.702 21.118 20.477 21.263 21.687 22.073 23.246 23.420 
21.367 22.784 

4.0 
23.103 

10.229 10.647 14.222 14.434 14.267 14.403 la.226 13.720 20.307 
23.663 24.S47 26.107 

13.098 21.142 22.643 23.446 24.311 
4.6 10.316 11.287 16.167 16.470 16.216 17.444 

24.644 26.243 26.644 26.737 
13.416 20.332 20.983 21.686 22.601 23.380 24.943 26.843 26.136 

7.0 
26.848 18.343 

11.421 12.042 16.109 16.442 14.183 la.439 
2S.436 

20.620 21.681 22.269 22.676 23.a73 26.429 2S.464 27.338 27.768 28.468 30.067 30.203 

6.0 13.09 13.60 16.06 18.60 18.19 20.88 23.06 24.13 24.84 26.60 26.66 28.37 23.62 30.64 31.72 
9.0 14.64 16.23 

30.32 33.60 
20.09 20.41 20.26 22.88 

33.66 
26.41 26.74 27.63 28.19 19.62 31.39 32.46 33.74 34.16 36.04 37.00 

10.0 16.27 14.32 22.lB 22.73 22.38 26.17 
37.17 

28.21 29.43 30.27 30.96 32.46 34.47 36.86 37.02 37.46 
17.97 

36.43 40.66 
11.0 la.oa 24.36 27.63 

40.76 
26.04 24.69 30.83 32.19 33.08 33.78 36.46 37.43 39.14 40.37 40.83 41.89 44.17 

12.0 13.74 20.61 26.68 27.37 
44.41 

24.84 2S.34 33.44 36.03 36.37 36.49 38.63 40.87 42.60 43.40 44.27 46.43 47.66 48.14 

16.0 26.66 26.39 33.71 34.78 34.10 37.66 42.36 43.93 46.06 46.83 48.22 61.06 63.06 64.66 66.09 6'3.61 63.36 
20.0 36.47 37.60 46.97 48.64 47.61 

69.80 
61.86 66.37 80.43 61.78 42.64 46.31 69.60 72.24 74.07 74.64 

26.0 49.61 60.13 
74.63 

61.88 62.67 47.70 
80.01 80.86 

64.00 76.20 76.70 80.27 81.03 86.48 90.09 93.46 36.66 SB.24 98.66 
30.0 64.38 78.37 

102.69 103.91 
64.02 61.09 79.19 86.12 96.78 98.73 100.63 101.26 104.B7 112.46 114.66 116.94 113.43 122.47 127.03 

36.0 60.11 80.02 
128.91 

SB.39 99.76 97.32 104.08 117.06 120.46 122.60 123.14 130.02 lW.SS 141.63 144.19 144.98 148.24 163.31 166.81 

40.0 97.73 97.06 116.88 113.91 116.92 124.61 139.94 143.83 146.11 146.69 164.87 162.41 166.30 171.23 
46.0 116.84 116.44 134.79 137.92 

172.06 176.79 161.37 164.66 
141.64 144.37 164.42 148.80 171.31 171.78 181.38 130.27 134.83 200.00 

60.0 137.39 136.14 
200.66 206.08 

163.08 144.63 160.30 169.41 
211.16 216.OS 

130.42 196.31 13a.06 198.40 X19.49 219.69 227.04 230.48 
66.0 163.33 164.11 182.71 

231.36 236.07 242.64 247.31 
183.02 184.01 194.21 217.32 223.33 224.32 224.60 233.16 260.63 268.96 262.69 

60.0 178.31 
X3.48 268.70 276.77 

182.64 207.66 214.79 209.02 220.12 244.47 262.82 
281.26 

266.04 266.06 270.36 263.04 292.46 296.32 297.21 302.34 510.61 314.83 

66.0 207.3 201.7 233.3 241.9 236.3 247.3 277.2 263.7 287.2 287.0 303.0 317.1 327.6 331.6 332.6 338.7 
70.0 

346.8 364.0 
233.2 226.3 2S1.3 270.2 262.8 276.4 309.0 316.1 319.8 319.4 337.2 362.6 364.1 366.4 

80.0 288.8 278.9 
3S9.3 376.1 384.7 

319.9 330.7 
392.8 

321.6 336.3 376.6 384.8 388.9 384.1 409.6 428.1 441.9 446.6 466.2 
90.0 

447.4 
349.3 336.3 

464.9 
383.1 Jw.0 384.7 

474.8 
401.6 449.3 466.7 463.4 461.9 487.6 609.2 626.4 630.4 631.2 640.1 

100.0 414.6 397.2 
660.9 662.8 

460.8 466.9 462.6 471.3 627.0 637.8 642.9 640.8 670.7 636.7 614.6 619.8 620.6 630.6 642.4 664.3 

160.0 806.1 762.0 861.8 879.3 863.6 683.1 986.1 1003.0 1010.4 1004.0 1069.0 1103.3 1136.9 1143.6 1143.4 1169.6 
200.0 1292.6 1212.2 

1177.9 1202.6 
1344.6 1387.8 1347.3 1387.9 1646.6 1673.0 1681.6 1668.9 1664.7 1709.2 1743.7 

1732.3 
1781.9 1780.2 1803.2 

260.0 la61.8 
1818.6 1866.1 

1312.8 1974.4 1920.7 1969.2 2193.0 2236.2 2237.6 2217.3 2338.4 2403.9 2482.2 2616.4 2610.7 
x)0.0 2312.4 

2646.9 
2438.0 2646.9 2627.3 2663.6 2979.6 

2661.4 2624.2 
2616.0 2911.9 2946.6 2937.3 3097.9 3176.6 3279.6 3328.8 3320.7 3369.6 

360.0 3193.3 1946.0 3236.7 
3343.7 3464.8 

3340.0 3266.1 3319.9 3694.1 3791.8 3769.0 3713.9 3922.9 4013.9 4144.4 4212.0 4139.9 4263.2 4246.3 4376.6 

400.0 3940. 3623. 3976. 4103. 4001. 4074. 4632. 4661. 4eo7. 4667- E% ;;Wf. 6074. 6166. 6140. 
460.0 

6219. 
y3; 

: 
4343. 4763. 

6361. 
;;a;: 4731. 

6188. 
4873. 6419. 6680. 6606. 6443. 6066. 

600.0 
6166. 

6038. 6662. 
6144. 

6619. 6711. 6349. 6643. 6447. 6372. 6718: 6867: 7083. 7201. y;. . Pm& . 7228. YEi: 
*.*C.**..**..S.**...***...*.*~*~~*.***~**..****.***.*.******.*.****..*.*.*~*.*~*******...~**~**~*~***..**.***...****~***..**.......* 

E/A SE TE BA LA m  Sll CD BO In LU TA R6 III AU PB BI 
60 62 

ln 
68 67 69 62 64 67 69 71 73 76 77 79 62 83 90 S2" ..********U.*****I.**~******************.******.*.~**********.****.*************~********************.******~*~******************** 

2.6 16.47 16.06 17.32 17.64 18.29 19.22 19.78 20.60 20.93 21.34 21.77 22.22 
3.0 17.41 

22.67 23.08 
16.06 19.36 19.67 

23.62 23.82 26.62 2S.06 
20.33 21.38 22.01 22.86 23.34 23.82 

3.: 
24.29 24.78 26.32 

19.28 21.11 20.04 21.96 
26.77 26.34 26.63 

21.3t 23.23 22.29 24.21 
28.36 28.93 

21.61 23.62 23.46 26.48 24.16 26.11 26.63 26.17 24.69 27.22 27.84 28.32 26.92 29.11 
27.30 

31.04 31.66 
4:6 24.23 27.86 28.46 29.01 19.68 22.92 23.86 30.28 30.79 26.12 31.42 31.60 33.66 26.39 26.09 27.46 34.28 

28.27 29.44 30.04 30.68 31.28 31.86 32.66 33.20 33.66 34.03 36.19 36.66 

2: 24.71 26.60 26.73 27.60 26.99 28.87 27.26 29.12 27.96 29.63 31.39 29.43 30.29 32.31 31.66 32.20 32.89 33.63 34.16 36.00 36.68 36.26 36.43 JB.70 39.40 
33.67 34.34 36.08 

:.: 
36.76 36.41 37.33 

28.30 30.09 29.47 31.36 30.74 32.62 
37.93 38.64 

30.98 32.84 31.69 33.66 
38.61 41.19 

33.36 36.31 34.32 38.33 36.77 37.87 36.47 37.24 37.97 38.66 39.64 40.27 41.01 41.17 43.64 41.92 44.42 
7:o 38.60 39.43 40.18 40.90 41.34 42.40 31.90 Xi.24 34.61 34.72 36.44 43.38 43.63 37.28 46.13 46.92 38.36 39.S7 

40.74 41.41 42.40 43.14 44.24 44.33 46.74 46.89 48.60 49.42 

8.0 36.66 37.06 38.32 38.61 39.22 41.26 42.43 3.0 44.21 46.03 46.49 40.66 39.27 47.66 48.87 40.93 49.62 42.19 42.36 43.07 60.46 60.42 63.66 46.27 46.66 64.43 
48.60 

49.37 
60.42 10.0 61.34 62.20 63.64 43.06 44.67 64.34 66.27 46.14 46.27 44.36 66.40 49.34 60.76 62.66 63.77 68.66 63.49 
64.31 

11.0 46.91 48.89 
66.30 66.81 68.24 

60.16 
69.11 0.11 SO.23 

60.26 60.96 63.62 
63.62 S4.60 

66.01 67.26 68.24 63.16 12.0 63.00 60.62 61.48 83.04 60.84 63.96 64.26 64.33 66.02 67.76 66.01 66.12 63.36 42.78 68.74 63.79 
61.76 64.09 46.21 68.23 67.90 68.86 43.99 70.03 73.94 76.06 

16.0 63.12 66.80 67.06 67.04 67.66 70.96 72.86 76.72 76.83 20.0 78.44 79.77 86.26 88.86 30.08 8D.M 82.96 64.06 89.91 90.43 86.41 86.48 90.06 94.43 97.08 St.34 
26.0 109.47 100.69 102.09 114.04 104.06 107.17 116.24 106.74 109.73 111.08 114.83 116.26 112.83 112.84 114.6a 

120.43 30.0 123.44 127.80 
120.28 

136.71 141.33 129.42 131.83 142.48 133.88 136.66 141.34 142.09 138.69 140.27 
148.30 167.04 

142.47 142.41 149.61 161.64 
36.0 161.30 168.86 143.91 170.66 171.76 161.73 164.14 170.99 170.91 144.11 149.82 178.19 171.42 174.31 174.18 

182.42 188.36 
182.83 186.10 

130.41 133.71 134.64 134.77 203.08 206.09 206.31 208.11 218.28 220.31 

ii?: 226.0 134.0 201.9 236.2 203.0 234.1 234.9 202.0 201.6 210.1 214.9 221.7 223.9 227.7 231.0 233.6 236.4 
234.2 

240.6 244.4 244.1 266.9 268.9 
243.8 2: 249.4 268.9 269.8 296.3 307.2 270.2 269.4 243.7 247.4 307.9 271.1 270.2 276.8 3‘26.1 269.6 268.6 279.6 266.7 294.1 294.9 301.6 3D6.8 306.9 316.1 278.2 317.7 322.7 282.6 

304.8 316.9 

322.3 262.2 337.6 236.7 341.3 2SS.l 

323.9 86.0 333.2 336.1 341.4 332.6 344.0 346.8 346.6 349.4 364.3 344.4 342.7 369.1 364.8 364.3 361.3 386.6 366.1 
363.8 374.0 377.2 383.0 384.1 391.8 333.4 402.4 406.9 408.2 427.2 431.8 

Ei:: 371.4 412.0 386.2 428.3 384.8 428.7 384.4 382.2 37.0 406.6 414.7 420.1 426.4 432.0 436.1 
424.0 423.4 439.1 

444.4 447.6 
449.0 

464.7 463.3 474.3 480.0 

too:0 82 

497.8 461.0 464.7 617.4 617.6 471.6 477.7 614.2 610.6 482.1 491.1 629.6 664.8 4gQ.6 602.4 601.6 
640.8 668.9 

624.6 630.1 
613X3.9 674.1 

687.4 669.6 412.9 714.6 412.7 713.3 
679.2 689.8 

709.0 6G6.4 603.6 703.1 
693.6 

624.3 S33.0 666.0 
633.0 6Dl.S 636.7 

669.6 
629.2 

668.6 477.2 683.0 496.1 699.3 
728.9 743.4 741.6 

710.6 709.1 
764.6 

741.0 748.6 
777.1 786.6 733.2 807.0 811.6 824.6 822.6 869.6 868.1 

160.0 :iE k%:. ii%:. 1296. 200.0 
2744 : 2B44: 2a44: 

FiZ:: 1381. 1462. 1486. 
2049. 

1482. 1646. 1661. 
260.0 2246. 2282. 2276. 
300.0 3622. 3766. 
360.0 4674. 

p:. 
. 4762. 

g7;. 3146. 3196. 3166. 
4140. 4206. 4194. 

. 6216. 6300. 6284. 

400.0 66s1. ii%. 6824. 6794. 6714. 6877. 6366. @X6. 074. 460.0 t%: 6143. EP. 4243. 6327. "&:* ma. 7006. 7096. 7226. 6224. 
7232. 7314. 

z:. ;4. M46. 6668 * 6733. 

soo.0 SO72: 7412. . . 7973. ama. 8290. 6438. 8446. 8640. 8666. 24;. . z":x* . 8842 : ass21 E%- 77s4* . 9087. E8: 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

lmxcTMlIC sr0PP119 rnmn 11 UlITS OF HW/tMG/Sq QI) 
164 

DY IOSS 
68 

32 3.6 
t:: 

8.0 

$:I 

12:o 

16.0 

E.8 
3o:o 
36.0 

E:i 

66:O 
0.0 

86.0 
70.0 

E3 
1oo:o 

160.0 
200.0 

2%: 
360.0 

400.0 

z?: 

144.1 116.3 
141.8 118.7 
138.6 119.0 
134.9 118.2 
131.1 118.8 

127.3 114.9 
ES:; t:; 

47.4 47.9 
123.6 112.8 47.8 47.9 
~~~.~ ;l$t 

108:2 
$4 

47.7 

113:s 8414 
E:: 
SO:9 :x 4712 47.6 47.2 

2: 
46:2 

ii!:! 

Ed il.8 4310 

79.77 78.99 86.60 
97.99 67.71 

63.06 84.82 60.84 63.83 62.37 61.66 61.41 48.63 48.22 44.61 43.83 43.61 42.69 41.17 40.49 
88.39 66.82 67.09 54.10 48.01 48.82 46.18 48.18 43.61 41.81 40.23 39.63 39.48 38.83 37.68 39.83 

69.82 80.61 61.81 49.98 61.39 48.89 43.47 42.47 41.96 41.99 39.70 37.94 38.71 38.23 38.13 36.41 34.68 33.83 
63.33 64.94 47.18 46.66 48.84 44.74 59.86 38.97 38.64 38.03 38.64 34.96 33.84 33.46 33.38 32.76 32.08 31.34 
48.41 49.91 43.44 41.97 43.18 41.36 38.88 33.11 36.73 36.86 33.92 32.47 31.47 31.14 31.09 X3.64 29.96 29.26 

44.46 46.06 40.36 39.00 40.16 38.64 34.40 33.71 33.38 33.61 31.72 30.39 29.46 29.18 29.16 28.66 28.16 27.49 
41.20 42.06 37.76 38.60 37.69 38.16 32.30 31.66 31.38 31.62 29.84 28.90 27.74 27.61 27.48 27.03 26.60 26.96 
38.46 40.16 36.63 34.36 36.40 34.09 30.48 29.90 29.66 29.80 28.22 27.06 28.26 28.06 2i3.04 26.63 25.23 24.63 
39.12 37.93 33.60 32.61 33.49 32.30 28.90 28.37 28.13 28.29 26.80 26.71 24.94 24.77 24.76 24.39 24.03 23.46 
34.10 36.81 31.91 30.88 31.83 30.73 27.61 27.01 26.80 26.98 26.66 24.61 23.79 23.64 23.64 23.29 22.96 22.42 

32.34 34.04 30.42 28.46 30.36 29.34 28.20 26.81 26.62 26.79 24.43 23.45 22.76 22.63 22.63 22.31 22.00 21.49 
30.78 32.47 29.09 28.17 29.04 28.09 26.17 24.73 24.58 24.72 23.43 22.60 21.64 21.72 21.73 21.43 21.14 20.66 
28.16 29.81 29.82 26.98 26.79 26.96 23.26 22.89 22.73 22.90 21.71 20.86 20.26 20.16 20.17 19.90 19.64 19.20 
29.03 27.84 24.96 24.18 24.93 24.19 21.71 21.36 21.22 21.39 20.28 19.49 18.93 18.85 18.87 18.63 18.39 17.99 
24.26 26.83 23.38 22.88 23.37 22.71 20.38 20.08 19.94 20.11 19.07 18.33 17.80 17.74 17.76 17.66 17.33 16.98 

16.66 19.93 18.19 17.66 18.20 17.76 16.96 15.73 16.66 16.82 16.01 14.44 14.04 14.01 14.03 13.69 13.72 13.47 
16.40 16.81 16.37 14.89 16.26 16.01 13.49 13.24 13.29 13.44 12.74 12.64 12.13 11.87 11.91 11.76 11.86 
13.66 14.86 13.60 13.17 13.47 13.30 11.96 11.62 11.79 11.94 11.32 

;;:;y 

12.28 13.40 12.36 11.97 12.26 12.10 10.89 10.32 

;;A: I;.;; '"9.:: l;AOg '"9.2; '"9:'; 

11.34 12.48 11.44 11.09 11.36 11.22 10.10 lOgA; . I;.;; . :'$W& . 9.66 9:42 9:12 8: 96 e:ss 6:86 8.97 I?;: . 

10.63 11.71 10.74 10.41 10.66 10.64 9.4s 9.16 3.37 9.60 9.01 8.86 8.67 8.42 8.46 8.33 8.44 a. 17 

log.;; :;.g log.;~ 9.44 9.87 lOgA+ . VU& 9.01 9.62 8.70 8.33 8.90 9.62 9.02 8.63 8.66 8.20 8.41 8.06 8.16 7.80 KY a.04 7.70 7.60 7.92 8.02, 7.69 7.77 7.44 

6/A 6’?’ 62= 
l . . ..L*..*~**.*..**. 

2 
3.6 

t:: 

LA 
67 
I...... 

80 In 
67 69 

I...... I....... 
g.;; 

38:43 

$3; 

36:75 
37.32 38.66 
37.90 37.26 

LU 
71 

1*+1**** 
31.64 

EZ 
36:81 
36.42 

28.93 
30.67 
32.21 
33.14 
33.78 

1***.*** 

PB 
82 

I**.**., 
20.61 
30.62 
31.84 
32.75 
33.37 

~**$,~**..1*~,.~.~*** 

BI nl 
83 90 92” 

~*.*..**+.**.****~*** 

28.69 27.49 27.18 
30.69 29.29 28.95 
31.91 30.63 30.17 
32.92 31.39 31.02 
33.46 31.97 31.60 

::: 
46.11 43.13 43.14 43.43 43.29 41.16 40.03 38.26 37.64 38.81 36.18 36.69 34.66 34.20 33.79 33.86 32.35 31.98 
46.14 43.18 43.18 43.47 43.37 41.26 40.16 38.43 37.86 37.03 39.41 36.93 34.91 34.47 34.04 34.11 32.69 32.21 
46.06 43.11 43.11 43.40 43.33 41.27 40.17 39.49 37.93 37.13 39.62 36.04 36.06 34.61 34.17 34.26 32.71 3'2.;; 
44.87 42.96 42.96 43.24 43.19 41.17 40.09 38.46 37.92 37.13 39.63 38.07 36.09 34.66 34.22 34.29 32.76 
44.82 42.72 42.72 43.01 42.99 41.01 39.96 38.39 37.83 37.09 39.47 38.02 36.07 34.64 34.20 34.27 32.73 32:36 

8.0 43.98 42.13 42.14 42.42 42.44 40.64 39.61 38.01 37.61 36.78 39.21 36.77 34.66 34.45 34.00 34.07 32.63 32.16 

1::: 43.24 42.46 41.44 a.89 41.46 40.70 41.73 40.98 41.78 41.06 39.96 39.29 38.33 38.96 37.63 38.97 37.07 39.64 38.39 36.89 36.81 36.33 36.39 34.92 34.62 34.09 34.13 33.72 33.67 33.26 33.74 33.32 32.22 31.82 31.86 31.46 

:::: 41.63 40.82 39.93 39.18 39.94 39.17 40.21 39.44 40.31 38.56 37.91 38.61 37.02 37.68 38.38 36.77 36.98 36.39 36.32 34.76 34.80 34.26 34.42 33.88 33.62 33.11 32.77 33.26 32.80 32.31 32.38 32.86 31.33 30.93 31.03 30.68 

16.0 38.47 36.93 36.W 37.21 37.38 36.87 36.06 33.96 33.62 33.06 32.69 32.26 31.67 31.27 30.82 30.66 29.60 
36..06 33.97 33.71 33.96 34.16 32.84 32.12 31.19 30.92 30.43 x).03 19.74 29.16 28.90 28.47 28.63 27.27 

;;A& 

32.23 30.99 31.02 31.26 31.47 30.29 29.66 18.86 28.62 28.18 27.83 27.68 27.06 26.66 29.44 26.60 25.34 26:06 
29.86 28.74 28.79 29.00 19.23 29.16 27.68 28.87 29.87 26.29 26.96 26.73 26.26 26.09 24.70 24.76 23.69 23.46 
27.02 29.86 28.91 27.10 27.34 28.30 26.83 26.16 26.01 24.99 24.36 24.16 23.73 23.68 23.21 23.27 22.27 22.06 

ii:: a.14 24.RS 23.88 26.26 26.30 23.91 16.49 24.09 26.72 24.32 24.81 23.40 24.32 23.02 22.48 23.74 23.69 22.36 23.26 22.06 22.98 21.79 22.80 21.61 22.40 21.26 22.28 21.14 20.80 21.93 21.98 20.86 21.04 19.97 20.83 19.77 

6o:o ii-: 

23.62 21.64 22.70 22.87 23.10 22.30 21.88 21.38 21.26 20.98 20.73 20.67 20.23 20.13 19.81 19.86 19.02 18.84 

22.41 21.42 21.68 20.83 21.84 20.69 20.84 21.80 22.02 21.07 21.27 20.36 20.87 19.97 20.41 is.64 20.29 19.43 20.03 19.19 19.80 18.96 19.66 18.82 18.62 19.33 19.24 18.44 18.93 X8.16 18.98 18.19 18.16 17.43 
18.01 
17.27 

FE 20.64 19.74 19.78 19.01 19.07 19.64 19.22 19.99 20.21 19.43 19.63 18.78 19.17 18.44 18.76 18.06 18.66 17.96 17.74 18.43 18.21 17.64 18.08 if.41 17.80 17.14 17.07 17.72 17.44 16.8@ 17.48 16.84 16.14 16.76 16.00 16.60 

100:0 ii?! 

18.39 17.99 17.74 17.88 18.09 17.49 IT.18 19.63 18.74 19.64 16.36 16.24 18.00 16.94 16.86 16.72 

17.21 18.22 18.68 16.63 19.93 16.88 10.79 16.81 16.90 16.00 18.41 16.49 16.11 16.21 16.80 14.92 16.72 14.86 16.64 14.98 16.37 14.62 16.26 14.42 ::.;f . 14.98 14.16 14.74 13.94 14.78 13.97 ;:A; 13:40 

;t:k; 

13.29 

160.0 12.89 12.42 12.47 12.67 12.74 12.33 12.13 11.91 11.67 11.74 

Et8 

l;.:; l;.$ '"9.:: '"9:g 

e:4a S:61 8:46 8.18 

2::: x . ;.:: . 7.21 7.74 7.60 6.99 

z?x 
5oo:o 

7.822 7.439 7.188 7.666 7.478 7.114 7.603 7.138 7.916 7.248 7.444 7.093 7.389 7.012 7.247 8.897 7.263 8.903 7.174 8.829 7.072 8.733 7.069 0.720 8.S86 6.062 6.038 6.607 0.830 8.604 6.862 9.626 6.798 6.472 6.694 
7.129 8A37 6.820 6.842 6.948 8.791 8.722 6.913 8.820 8.649 9.468 8.446 6.381 6.339 6.241 6.260 6.208 t:;;; 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping I?ower and Range for Heavy Ions 
See page 8 for Explanation of Table 

144 
RAECE II UlITS OF MG/SQ QI DY IOYS 

46 

“A = 5c lZW 13L 14= wa 2zTI 2qm 21FE 2P 2P 3zGE 34= 3P 4om 42m 4666 4:G 4 **.*.~...*..**..**.***..***.**.***.~~..~****.*~******.~~..*~..**.~**..**.*.*~*****~.**~.~*.*~****.**..*.*...*~**~**.***...***~.~...* 
::: 

8.060 6.790 8.174 8.160 4.000 9.627 10.310 IO.862 11.160 11.470 11.930 12.740 13.190 13.763 13.970 14.198 14.424 16.000 
4.413 4.48% 9.06% 9.07% 8.916 10.661 11.497 12.099 12.637 12.992 13.341 14.246 14.776 16.391 16.530 16.913 14.640 14.861 

3.: 
7.208 7.1’1% 9.934 9.99% 9.824 11.650 12.%%6 13.321 13.797 IQ.241 14.71% 16.728 14.314 14.979 17.235 17.689 18.373 18.436 

4:s 
7.407 7.844 10.81% 10.920 10.73% 12.657 i3.414 14.634 16.046 16.666 I%.073 IT.170 17.817 18.638 18.814 19.223 10.16% 20.342 
8.424 8.644 11.707 11.863 11.464 13.6T? 14.988 16.74% l%.lSO 16.823 17.413 18.404 IS.328 W.084 W.374 20.839 2l.BO8 12.107 

FE 
9.069 9.171 Il.%09 12.79% 12.681 14.696 14.167 14.983 17.639 18.092 18.774 20.035 W.817 21.42% 21.934 22.449 23.443 23.821 
9.713 S.992 13.626 13.764 13.624 16.423 17.336 18.188 18.796 19.358 20.131 21.472 22.318 23.149 23.492 24.068 26.349 26.633 

4.0 10.386 10.72% 14.46% 14.72% 14.479 l%.%%3 18.61% 19.426 x).0%2 2Q.462 2l.494 22.917 23.837 24.718 2S.066 26.471 27.093 27.248 
8.6 Il.078 Il.474 16.402 16.714 16.449 17.717 IS.TJI 10.476 21.341 21.947 22.873 24.373 26.36% 2i3.274 25.427 27.292 24.819 28.949 
7.0 11.790 12.238 1%.3%6 14.719 14.434 18.78% 10.962 21.940 22.434 23.266 24.243 26.842 26.887 27.84% 28.211 28.924 30.661 30.700 

8.0 13.17 13.81 14.34 18.78 18.46 20.97 23.44 24.62 26.27 26.92 27.09 28.82 29.99 31.03 31.42 32.23 34.04 34.20 

to”.: 
14.84 16.4% 20.39 10.91 20.64 23.22 24.00 27.1% 27.97 28.54 29.98 31.87 33.17 34.27 34.49 36.69 37.68 37.7% 

11:o 
14.48 17.1% 22.60 23.12 22.70 26.64 28.44 29.88 30.74 31.43 32.94 34.99 35.41 37.69 38.03 39.02 41.18 41.38 
18.19 18.94 14.49 26.39 24.93 17.92 31.34 31.47 33.68 34.29 36.98 34.19 39.73 40.98 41.44 42.62 44.84 46.08 

12.0 19.99 W.78 2%.96 27.74 27.22 30.38 34.11 36.64 X.60 37.23 33.09 41.4% 43.13 44.44 44.93 44.10 48.68 48.86 

E 
26.82 28.71 34.16 36.22 34.63 38.16 42.93 44.40 46.71 45.47 48.88 61.76 63.79 66.31 66.66 67.30 80.18 60.44 

26:0 
37.00 37.91 47.62 4S.10 48.0% 62.47 69.09 41.19 42.64 (u.33 (x1.74 70.48 73.18 76.02 76.44 77.64 81.06 81.90 
49.91 60.47 42.64 44.48 65.23 68.46 77.0% 79.40 81.20 81.98 8%.47 91.14 94.64 96.48 97.38 99.74 103.82 106.1% 

30.0 %4.49 54.94 79.16 81.89 79.97 84.00 94.79 99.78 101.42 102.3% 108.02 113.49 117.83 120.28 121.02 123.84 128.4% 130.3% 
36.0 80.46 80.47 97.28 100.47 99.22 106.08 118.20 ill.%% 113.74 124.42 131.34 138.06 141.98 146.48 144.49 149.79 164.93 167.4% 

40.0 98.34 97.79 114.88 120.96 117.93 116.44 141.14 146.19 147.60 148.09 165.36 144.17 149.93 172.90 173.76 177.63 183.18 186.39 
46.0 117.62 114.1% X37.91 I41.70 138.06 147.43 146.8% 170.30 172.8% 173.34 183.02 192.01 198.44 201.8% 202.74 207.00 213.18 217.10 
60.0 138.14 134.04 140.31 146.87 141.66 171.00 192.00 194.9% 199.7% 100.11 211.29 221.49 229.04 232.61 233.41 238.17 244.83 249.66 
66.0 140.16 167.09 184.0% 190.42 186.37 196.72 219.44 226.13 228.1% 228.3% 241.12 261.40 241.10 244.81 286.71 170.99 278.14 283.47 
80.0 183.63 179.38 209.12 114.31 210.60 221.76 248.73 264.77 268.04 268.0% 272.47 286.27 294.78 298.71 299.82 306.41 313.07 319.44 

TX 
208.2 201.9 236.4 243.6 234.9 249.1 279.2 286.8 289.3 289.2 306.3 319.6 330.0 334.2 336.1 341.4 349.4 366.8 
234.2 227.6 143.0 172.0 2%4.6 277.8 311.1 318.3 322.0 321.7 339.4 366.2 344.8 371.2 372.1 378.9 387.4 396.7 

80.0 290.0 280.3 311.8 332.7 323.4 338.4 379.0 387.3 36-1.6 390.4 412.4 431.0 444.9 449.6 460.6 460.4 448.1 478.2 
90.0 360.7 337.6 386.2 398.2 384.9 403.9 462.0 451.6 458.2 454.8 490.4 612.4 628.7 633.8 634.6 643.7 664.6 S(M.6 

100.0 414.0 398.9 463.2 458.3 464.9 473.9 630.0 640.8 644.0 643.9 674.1 699.2 618.1 423.4 424.2 834.4 844.4 860.4 

160.0 807.3 744.4 866.2 8B2.9 864.9 888.8 989.4 1007.4 1014.9 1008.6 1043.8 1108.3 1142.1 1148.9 1148.8 1146.0 1183.6 1208.2 
200.0 1296.6 1216.4 1348.9 1302.3 1361.8 1392.8 1662.0 1678.4 1687.2 1674.4 1440.8 1716.4 1770.3 1788.7 1787.0 1810.1 1826.7 1872.4 
260.0 1846.4 173%.6 1918.0 1979.8 1914.1 1976.0 2199.4 2242.0 2244,4 2224.1 2346.9 2411.6 2490.1 2623.4 2618.9 2664.2 2669.8 2432.9 
300.0 2602.2 WIT.4 2662.0 2534.3 1646.7 2422.7 2919.6 2987.4 Z974.4 2946.2 3104.2 3184.2 3288.9 3338.1 3330.0 3379.0 3373.3 3474.7 
360.0 3198.2 2960.7 3242.6 3347.1 3242.1 3327.4 3701.4 3800.4 3747.9 3728.8 3932.2 4023.7 4166.6 4222.4 4210.4 4273.9 4264.1 4387.4 

400.0 394%. 3630. 3983. 4111. 4008. 4082. 4641. 4871. 
El: 

4647. 4816. 4922. 6086. 6168. 6161. 6230. 6200. 6343. 
460.0 4739. 4360. 4757. 4921. 4799. 4882. 6429. 6690. 6464. 6760. 6873. 8047. 4147. 4148. 4241. 4197. 6393. 
600.0 6674. 610%. 6691. 6771. 6429. 6720. 6340. 4666. 8468. %384. 6730. 4659. 709%. 7216. 7189. 7300. 7242. 7473. 

. ..*.*..*~...*.*.*.*****.**..*...*~..***.*****.***.*.******.*****.~.*.****..*****~~~*******.*.**.*.***.*~***..*****.*.~****...*..*.* 

WA SY TE BA LA PR SK CD RO I?! LU TA 6.6 IR P6 BI III 60 62 6% 67 69 42 64 47 49 71 73 76 77 79AU 82 83 so mu 
.*.*....I..*.*.*..*.****.*.****.******..**.*...***...*~.....****.**.******~.*.***~~.**~*.*~*****.*.***.*....*~***...****.***.~.*.*~* 

::: 17.72 16.74 14.33 18.40 17.42 13.49 20.01 17.96 18.42 20.70 19.6% 21.7% W.13 22.40 23.2% 20.8% 21.29 23.74 21.71 24.22 22.14 24.71 22.40 26.21 23.08 26.7% 23.48 26.22 24.03 24.80 24.23 24.99 26.96 28.84 24.61 29.43 
3.6 19.42 W.39 21.49 21.99 22.49 23.87 24.67 26.66 24.08 24.42 27.14 27.49 28.33 28.82 29.43 29.41 31.68 32.20 

::: 11.48 23.31 22.34 14.2% 13.43 26.66 23.93 26.43 24.43 28.66 26.91 27.94 24.49 28.7% 27.77 29.96 28.34 30.6% 31.21 28.94 31.81 29.60 30.08 32.42 30.80 33.22 31.32 33.17 31.9% 34.44 32.14 34.42 34.13 36.81 34.88 37.49 

2: 26.14 26.96 2%.17 28.0% 29.3% 27.4% 27.73 29.41 30.34 28.46 31.93 29.94 30.82 32.8% 32.10 34.24 

82 29.77 30.69 31.87 29.97 33.1% 31.2% 31.60 33.39 32.23 34.12 33.92 36.90 34.90 34.96 3%.37 38.60 
7.0 32.43 33.78 36.08 36.29 X.03 37.90 38.98 40.44 

::k? 39.89 36.13 37.46 41.67 38.94 42.8% 39.13 43.03 39.87 43.7% 41.92 44.00 43.12 47.30 44.93 49.27 

:x 
12:o 

43.71 47.42 46.67 49.44 45.8% 60.91 47.00 61.04 47.72 61.76 64.36 60.13 66.8% 61.64 63.47 68.14 
61.69 63.78 66.07 66.16 66.8% 68.43 %O.lL 42.49 

16.0 44.01 %%.72 4B.00 48.00 48.46 71.97 73.91 74.81 

W:O ii': 

86 37 

110’79 137123 

SC 00 

i4l:Sl 116’42 

91 2% 

114’44 144111 

91 09 

115’30 143:6% 

91 43 

143173 Il%‘%T 

96 89 

121’91 16O:Ol 

9% 37 

114’97 163:%% 

102 01 

119'38 168:8% 
35.0 146.46 172.4% 173.69 172.83 172.7% lBO.14 184.41 190.41 

m  194.0 228.1 204.0 237.4 238.4 206.0 204.1 237.2 103.7 234.6 212.2 244.2 217.1 261.8 224.0 269.6 

so:0 iit: 

262.1 272.7 273.% 272.1 271.1 262.1 284.4 294.9 

297.8 336.3 309.8 348.7 310.4 349.4 308.8 347.3 307.6 346.4 319.7 369.1 324.8 354.9 334.2 377.2 

46.0 374.4 3%9.3 3B9.9 387.6 386.3 400.3 408.9 420.1 
70.0 416.1 431.4 432.0 419.3 424.7 443.1 462.6 454.7 
80.0 601.3 6X.1 611.3 617.9 614.3 633.7 644.7 668.9 
90.0 693.7 417.0 414.8 411.7 507.9 430.4 (143.4 469.6 

100.0 491.9 718.9 718.4 713.6 707.6 733.6 748.2 7%%.4 

160.0 1246. x 1310. 1301. 1287. 1333. 1368. 200.0 1969. 
2%6% : 

%P 2013. 1g4g. i%* 1094. ET. 
260.0 2763. 

3777: 

2434. 

35:5 

* . 2840. 2997: 

300.0 ~~: 374%. 3760. 360.0 4763. 4774. 4746. 4%8i: i%P 3e4g. . z:. . 4980. 

400.0 6808. 6840. 6807, 6728. 6491. 6g70' 460.0 Et 
7807: 

E:: zx: ES: %832. 7011. 7111. %':i? 
600.0 7989. 8204. 8305. 8466: 

32.74 
34.92 
37.08 

2::: 

tE.3 
64:41 
69.13 
(u.73 

77.99 

Edf 
1%0:72 
192.49 

SE% 
299.4 
339.1 
580.6 

423.6 
Q68.3 
643.0 
864.1 
771.4 

1396. 
2147. 
3008. 

ZX: 
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3z 
37188 
40.08 
42.2s 

45.73 
61.12 
66.7% 

Z:Z 
79.6% 80.91 82.10 

106.43 107.14 108.69 
133.46 136.63 137.24 
143.50 144.07 148.06 
196.83 198.70 200.9% 

230.1 
244.3 

2::: 
384.3 

429.9 
476.3 
671.1 

E:! 

1412. 
2171. 

isiF 
6044: 

4167. 
7330. 
8667. 

34.09 34.73 36.40 
38.36 37.02 37.9% 
38.40 39.30 40.30 
40.84 41.68 42.64 
43.09 43.86 44.97 

Ki 
6%:7% 
et.44 
54.19 

48.42 

E% 
42: 42 
47.21 

49.4% 

2::: 
84:01 
88.93 

84.14 
111.19 
140.41 

%Z 

233.4 
170.0 
308.4 
349.1 
391.6 

236.9 

z.: 
362:% 
396.2 

;EP: 
31811 
369.6 
401.9 

436.4 
491.6 
678.4 
881.9 
791.8 

439.7 

i%*i 
%87:7 
798.4 

448.1 461.3 
496.0 498.6 
694.2 698.0 
700.0 704.2 
811.3 814.8 

1429. 
2197. 
3079. 
4066. 
6112. 

:::;. 
3098: 
407%. 
6136. 

1443. 
124%. 
3142. 
4131. 
6201. 

4%: 
8573. 

%t: 
8702. 

4342. 

EZ: 

34.18 

x 
43131 
46.48 

60.41 
66.10 

EFz 4s:sQ 
86.27 

112.6% 

:4% 
207: 3% 

143.2 
281.0 

E: 404:o 

1449. 
2266. 

2i?x. 
6230: 

4379. 
7692. 
8840. 

35.08 37.06 
39.30 39.47 
41.70 41.8% 
44.10 44.2% 
48.60 48.46 

61.31 61.46 
64.16 64.28 
4&g 4l3u; 

71:0% 71.16 

86.46 88.71 
114.34 114.36 
144.16 144.20 
174.3% 174.23 
210.62 210.41 

247.0 244.7 
286.4 286.0 
326.8 326.3 
358.2 387.4 
412.4 411.7 

468.6 467.7 
60%. 6 606.6 
507.4 %0%.4 
716.6 714.1 
830.0 828.2 

1493. 1489. 
2191. 2286. 
3:::. 3198. 

6314: ::i% 

5481. 6462. 
7713. 7%89. 
9000. 8973. 

39.36 40.07 
$3; y; 

4e:so 47:70 
49.41 60.24 

~‘&c3& 6s& 

%4:%2 %6:%2 
69.81 70.87 
76.07 74.1s 

91.3% 92.4% 
110.28 121.90 
161.49 163.46 
184.93 107.29 
220.71 223.38 

478.9 484.0 
628.8 634.4 
634.0 640.4 
746.2 763.8 
986.3 673.9 

1664. 
2346. ::z 

:::s. 
336%: 

6402: k%i:. . 

%TE. 6760. 

910%: ~~:: 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

SLECTROIIC STOPPIIG POWER II USITS OF HW/tXG/SQ Cn) 
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80 IOJS 
47 

16.0 81.73 40.81 ee.93 64.42 44.01 82.14 64.97 63.47 62.43 62.49 49.64 47.18 46.63 44.73 44.61 43.47 42.01 41.32 

it8 eS.72 41.19 70.04 92.11 69.02 63.03 66.88 61.14 64.39 62.64 66.31 6o.02 49.07 44.48 47.86 43.44 42.91 47.10 47.17 42.96 44.67 40.81 42.63 39.90 41.11 37.64 40.49 37.06 40.33 38.94 39.47 3e.21 38.39 36.38 37.83 34.69 

28 64.73 49.71 66.03 61.20 48.32 44.62 M.46 43.00 47.97 44.16 46.80 42.3e 40.79 37.78 39.80 38.84 38.46 3.69 39.64 36.71 37.39 34.74 36.77 33.26 34.84 31.22 34.23 31.88 34.14 31.83 33.62 31.28 32.82 30.88 32.07 z9.w 

40.0 46.44 47.27 41.37 3S.98 41.14 39.48 36.26 34.64 34.20 34.34 32.60 31.13 30.18 29.90 29.84 29.36 28.84 28.16 
46.0 42.32 44.00 38.71 37.43 30.66 37.04 33.11 32.4e 32.14 32.31 30.69 19.31 28.43 38.19 28.18 27.70 27.26 20.40 

4o:o E.8 

39.62 41.23 30.44 36.26 3e.31 24.94 31.24 30.46 x).40 x1.66 28.93 27.74 26.91 20.70 20.89 X.27 26.84 26.26 

37.12 36.06 34.86 M.78 34.48 32.76 33.34 31.70 34.37 31.88 33.14 31.64 29.46 29.23 27.72 29.10 28.48 27.60 27.ee 29.02 
27.49 

26.34 26.16 26.68 24.40 
26.40 26.39 26.01 24.44 24.06 

24.21 24.26 24.26 23.89 23.66 22.99 

46.0 33.24 34.97 31.23 30.23 31.14 30.11 28.97 24.49 2e.29 28.4e 26.07 24.06 23.34 23.22 23.22 22.89 22.67 22.06 
70.0 31.46 33.38 29.87 28.92 29.81 28.84 26.84 26.39 26.21 26.38 24.06 23.09 12.41 22.29 22.30 21.99 21.49 21.19 

1oo:o %8 

28.84 30.64 27.66 16.48 27.61 14.44 23.91 23.60 23.34 23.62 22.29 21.41 20.79 20.49 20.71 20.43 20.17 19.71 

28.77 24.9e 28.42 24.64 26.84 24.03 24.84 23.29 26.81 24.02 24.96 23.33 22.30 20.96 21.93 20.41 21.80 20.49 
21.97 20.83 20.01 19.44 19.38 19.38 19.13 18.89 16.47 
20.48 19.69 18.83 18.29 18.23 18.26 18.02 17.80 17.42 

160.0 19.09 2o.61 18.71 18.16 18.72 18.26 18.42 18.18 18.11 14.27 16.44 14.86 14.43 14.41 14.43 14.28 14.10 13.86 
200.0 16.84 17.30 16.82 16.32 16.71 16.44 13.88 13.43 13.47 13.83 13.11 12.90 12.48 12.21 12.28 12.10 12.22 11.79 
260.0 13.94 16.28 14.00 13.64 13.37 13.89 12.31 11.94 12.14 12.29 11.86 11.47 11.09 10.91 10.61 

300.0 12.46 13.88 12.73 12.33 12.82 12.46 11.21 10.79 11.08 11.20 360.0 11.48 12.66 11.79 11.42 11.49 11.66 10.40 10.02 10.17 10.40 '"9.t; . I;.;$ 10.11 '"9.~; 9.98 I",.;; lOg.;q8 . a.39 a: 22 9.24 9:11 9:23 Ei 

228 lo-37 10.96 12.04 11.44 11.07 10.60 10.72 9.77 

6oo:o 1;;; . 

10.42 10.98 10.86 10.30 

k% . 

9.43 8.W Z% 9.78 9.29 ES 9.12 8.e7 8.83 8.39 8.67 8.24 8.28 8.71 8.68 8.16 8.49 a*28 a.41 

9.91 10.93 10.04 9.98 9.84 8.68 8177 8.89 8144 8.30 8.03 7.90 7.94 7.81 7.92 %i . 

.*...I.C.....+*.++.*....~~****.........~.*.**~*.*.**..******~**..~*.*.**.*.**.***.***.*..*.*........*.***.*....**~...*.~*~**....*..~ 
Wl SB T8 9A LA Pn sn 

60 62 68 67 69 82 
(14Go e7rIo egln 71Lu 73TA 76rtx 771S 79Au e2P9 8391 wTS 92u 

*...*~.,*..***.*..~..**......*.*.......**.*.***.*.*...~.~*~***..***.*..~**.**.*.~**.*~~*~*.~*.***~.***~**..~.*****....*****.*~...... 
40.90 39.97 39.01 39.29 34.91 38.64 36.62 33.62 32.79 31.93 31.31 30.79 29.87 29.29 28.97 29.04 27.84 27.62 
42~98 40.99 41.01 41.29 40.98 38.72 37.66 36.67 34.86 33.97 33.34 32.81 31.89 31.28 30.92 31.00 29.88 29.33 
44.30 42.29 42.30 42.69 42.33 40.07 34.49 34.94 Js.26 36.37 34.73 34.21 33.09 32.68 32.28 32.34 30.94 30.69 
46.12 43.10 43.11 43.40 43.13 40.96 39.77 37.87 37.20 38.33 36.49 36.17 34.07 33.83 33.23 33.30 31.84 31.47 
46.80 43.68 43.68 43.47 43.70 41.49 40.33 38.47 37.93 38.97 38.33 36.82 34.74 34.29 33.48 33.96 32.46 32.07 

::: 
$8 
i:: 
;:; 
8:: 
:x 
12:o 

16.0 

it: 

2:: 

28 

zx 
4Q:o 

46.0 
70.0 
80.0 

1ZE 

160.0 

%4 
3oo:o 
360.0 

2'x*: 
6oo:o 

44.11 
Zf 
4$g 

43.17 

:%i 
40:94 
40.11 

43.97 

ii::: 

ES3 

ii::: 
41.82 

t&Xi 

38.13 

Z:E 

Et; 

:::i: 
23.88 
12.68 
11.40 

41.80 
4l.94 

t:s 
41:71 

40.46 
40.81 

iE: 
40:43 

40.21 
39.48 
39.06 

EX 

36.ie 
s1.80 

~% 
%I:43 

24.91 

xi 
34:66 
34.66 
38.48 

2:: 
37.22 

$28: 

2% 
29:24 

~:E 

24.16 

38.24 34.74 
36.02 

X8 
36:23 

tM 

34.31 
34.68 

ET1 
34:78 

34.38 

42.88 42.88 
42.20 42.10 
$4; 

39:92 

$4: 

39:93 

41.26 38.47 

?% 
37:or 
34.44 

37.42 
37.01 
3e.62 

E:Z 

33.10 32.72 
32.80 32.42 
32.41 32.04 
31.98 31.42 
31.62 31.14 

39.24 37.88 37.71 37.97 
36.81 CM.40 34.43 34.48 
32.96 31.47 31.72 31.94 
30.68 2S.40 29.46 29.04 
24.68 27.49 27.64 27.74 

33.73 
31.08 
28.81 

ZE 

32.91 
30.34 

ii-:: 
24172 

32.20 
29.77 
27.86 

%it 

31.90 

z.t 
2s:ee 
24.14 

30.09 29.78 
27.86 27.66 
26.90 26.43 
24.23 23.98 
22.79 22.64 

29.07 
26 A0 
24.11 

:::X; 

26.86 

2:: 
21:12 
21.18 

26.41 
24.06 

::-x: 
lo:87 

24.31 

ix: 
20:92 
20.03 

W.81 23.63 23.34 
22.69 21.32 22.14 
21.60 21.24 21.08 
20.63 10.29 20.14 
19.87 18.46 19.30 

22.81 
21.46 
20.63 

:X:2 

21.64 21.33 
20.46 20.26 
19.49 18.31 
14.44 18.4e 
17.87 17.71 

2i.07 20.29 20.36 20.60 
20.16 19.61 19.67 19.72 
18.86 18.16 18.11 18.36 
17.U7 17.02 17.08 17.21 
14.84 14.06 le.11 10.24 

13.26 12.77 12.42 12.92 

20.03 

%-E 
l&4 
16.90 

19.44 19.24 
18.92 18.62 

:a+ 
16:42 

:m 
1s:aa 

18.66 

:s 
16:47 
14.81 

17.18 17.03 
18.64 16.41 
16.47 16.33 
14.66 14.42 
13.77 13.e4 

::::i 

i% 
8.32 

12.08 

'"0% 
8174 
8.13 

12.07 

%i 
8141 
7.e3 

18.26 
17.68 
le.42 

:::di 

11.71 11.49 
9.81 

x-x; 
7:46 

8.066 7.781 7.701 
7.982 7.401 7.327 
7.343 7.093 7.026 

7.3:: 
71048 

7.843 

G2 

7.243 

2:;: 

7.194 7.146 7.033 
8.861 8.806 8.699 
0.673 4.629 4.428 
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RAIGE II UIIIS OF IWSQ a 80 106s 

67 

WI 4= 6” 11= 2 14s= lo= 22n 24= m* .+**...**++...~1.*+..**....*.***~.*********.***.*..*...********.**.**, 
f:: 6.010 0.678 6.160 6.441 6.116 6.990 9.018 8.100 7.060 8.869 IO.490 8.476 10.260 II.428 10.781 lZ.Ol7 11.170 12.448 

:.i 
4:6 

7.164 7.746 7.808 7.114 10.741 9.898 lo.846 9.930 10.440 9.768 11.49l 12.488 12.686 13.734 13.129 14.431 13.897 14.933 
8.364 8.49S ll.823 il.747 11.649 13.488 14.887 16.431 14.147 

31 (XI GE SE 
28 29 32 34 

~*****+.L*+t*.+.t*t.***..*~* 
11.690 11.860 12.480 13.110 
12.902 13.260 14.174 14.604 
14.181 14.414 16.426 14.210 
16.443 lb.SSS 17.066 l7.710 
14.490 17.204 18.476 19.197 

SR 2R 
38 40 

.*+*+*****t**+ 
13.447 13.880 
16.294 16.628 
18.989 17.122 
18.416 18.404 
19.947 20.234 

If0 
42 

.*tt++. 

::%i 
l71470 
19.090 
20.492 

BE 
46 

*..+..*a 

id. ::; 
la:244 
20.014 
2I.761 

4F 
I . . . . . .  

14.BOO 
18.738 

Et 
21:960 

E:i 8.979 9.624 9.199 9.910 l3.616 l3.421 12.701 13.447 12.488 13.418 14,496 16.612 18.043 17.209 14.834 18.018 17.403 18.444 17.964 19.218 19.434 IQ.977 19.893 21.316 20.481 22.148 21.474 23.001 23.319 21.777 22.284 23.879 23.470 23.848 

10.187 26.179 4.0 10.436 14.340 14.408 14.302 14.641 18.387 19.272 19.899 20.488 21.327 22.7U 
26.343 

23.980 24.634 24.847 26.476 29.886 4.6 10.049 il.374 16.274 16.684 16.321 17.683 19.679 20.608 11.144 
27.041 

21.749 22.489 24.lM 26.143 16.076 2B.422 17.079 
7.0 11.470 14.678 14.294 18.439 2Q.786 21.768 

28.693 
il.128 14.214 22.442 23.043 26.437 

28.744 
24.084 28.477 27.428 27.988 28.893 30.304 30.468 

::X 14.47 13.13 13.68 16.30 14.lB 20.20 20.71 18.41 20.36 18.29 20.80 23.02 23.26 26.77 24.31 29.92 26.04 27.71 26.49 28.38 24.88 29.71 31.%0 28.64 32.88 29.76 30.77 33.98 31.18 34.39 31.96 36.28 33.74 33.92 
37.26 :x 37.43 

38.47 40.81 41.01 12:o 
14.28 l7.97 14.94 18.73 24.44 22.28 22.88 26.X3 22.48 24.47 26.30 27.88 31.04 28.37 IS.%0 32.36 x).46 33.26 31.14 33.98 36.43 32.94 34.48 37.83 34.08 39.34 31.26 40.80 41.08 37.49 

44.42 18.73 20.66 16.47 27.46 29.84 34.08 33.79 44.66 36.10 38.13 34.84 38.70 41.09 42.71 44.02 14.60 42.13 46.9% 
Mt.10 43.39 

:z 
26:0 

3%.43 26.44 37.38 2%.38 U.92 33.7% 34.81 Uo.48 34.14 47.49 37.74 61.84 42.44 68.38 U.11 80.46 41.79 46.21 42.67 46.97 46.94 48.34 49.46 61.21 72.33 63.23 74.16 64.74 74.77 66.27 74.44 69.70 69.64 60.02 
80.12 49.10 49.92 80.94 41.49 43.80 42.37 87.64 74.04 78.67 90.16 80.93 86.34 89.09 93.34 96.48 98.17 98.49 

102.63 E:Z 93.39 79..23 tt3.92 79.36 78.01 96.82 80.7l 99.16 78.82 98.76 103.66 84.81 II4.49 96.46 Il9.91 98.41 
103.86 

100.22 121.94 100.97 122.44 104.64 129.47 112.18 134.10 114.24 140.98 143.66 118.44 llS.41 l22.20 147.71 124.77 128.46 
144.44 162.79 166.29 

iii:: 116.36 99.64 l14.24 86.13 136.49 116.04 IIS. 140.41 114.10 134.83 123.76 146.33 I39.I2 143.28 147.47 143.01 146.30 17O.IQ 146.90 170.48 164.04 180.22 141 189'09 74 I97 46 
196'44 

I70 39 
194'83 

171 23 
199'70 

174 04 
203'91 

180 64 
209'99 

I83 71 

60.0 136.64 133.41 167.66 143.14 164.89 144.24 l88.94 lS3.83 
213'88 

194.69 194.96 2Q7.94 2I8:03 226:48 228:92 229:8I 2334161 
66.0 167.09 164.26 187.21 182.24 192.61 214.06 224.47 237.23 

241108 246173 
180.96 121.44 224.4% 248.66 264.94 280.41 261.61 80.0 179.97 174.08 204.89 218.04 

294.71 273.77 206.61 212.69 244.68 260.63 263.74 263.80 297.98 
279.22 

280.41 289.07 293.8% 294.77 x)0.48 308.03 314.31 

2: 204.2 229.4 223.3 109.1 231.3 268.3 239.3 247.2 232.8 269.8 244.8 272.8 306.8 274.6 312.8 281.0 314.6 284.4 JIB.2 284.3 300.2 333.8 314.2 324.6 328.4 329.6 336.8 343.8 361.0 
349.2 340.4 394.9 J66.8 

too:0 Et: 
264.2 274.9 317.6 

372.6 
316.9 324.4 332.4 372.2 390.4 

381.1 389.1 
384.4 383.8 406.1 423.4 437.1 441.8 442.7 460.6 343.6 407.4 330.9 391.0 378.1 U4.4 390.4 469.4 379.7 444.3 396.6 406.1 443.7 620.1 

440.1 
463.2 630.8 467.8 636.9 468.4 633.9 481.8 643.6 

449.9 
603.2 688.3 619.3 624.3 626.1 634.0 644.7 668.6 

604.8 411.2 412.9 422.9 634.7 848.6 

160.0 790.0 748.7 837.9 866.1 839.7 849.1 9%9.7 987.4 994.8 988.4 1042.8 I084.4 1119.7 
200.0 1247.1 

1128.4 1124.3 1142.2 
1149.4 1320.7 1343.2 1323.4 1343.9 1619.9 

lI40.6 
1640.1 1664.6 1642.3 1424.7 

1184.7 
1480.6 

260.0 
1734.2 1762.2 1760.4 1773.3 

1823.9 1%98.7 1674.9 1937.6 1884.9 1933.1 1788.7 2163.0 2194.6 
1834.4 

2204.8 2177.2 2298.4 2300.8 
300.0 2437.8 2470.6 2464.1 2600.7 2444.1 22%%.4 2604.4 2498.1 2677.0 2609.9 26dd.O 2864.6 2923.0 

2677.9 
2910.4 2882.0 3339.6 3114.0 

360.0 3126.8 
3218.6 32%%.7 3268.9 3308.9 2886.2 3171.1 3273.4 3190.3 3264.4 

3501.6 3400.7 
3821.4 3717.4 3886.7 3947.6 3846.4 39Jd.2 4084.3 4130.8 4119.1 4181.3 4144.1 4292.8 

400.0 
460.0 

y;. yf. z%- y:. Es;. 3osl. 4441. 4647. 4616. 44%7. 4710. 4814. 4973. 6066. 6039. 6114. 
4773. 6086. 

644%: 4990: 6446: 6441: 6602: 
6308. 6244. 

6446. 6393. 6333. 6423. 6742. 6932. 600.0 8031. 6010. 4103. 8040. 
6692. 4218. 

6262. 
6908. 6314. 8241. 4680. 8714. 4938. 7064. 7028. 7137. 7081. 7307. 

.*.*..+..***.....*.~*...~*.******************.***.*..***.****.*.*.*~.**.***~**.**.~**..******.*..**.***********.*****.*.**~..~.....* 
E/A SI TE BA LA PR SH CD 80 RI LIJ TA RE IR AU FB 

60 62 
BI TB 

60 67 69 42 84 67 69 71 73 76 l-r 79 92 83 90 92” **l.l.*+.L*.,+..~.........**~.*..~.*.*........*.......*.*.***...*..**.....***.*.**.*.**.....*..*.*~.......~***...*...**...*~...***.* 
2: 16.84 17.40 14.22 18.28 17.61 19.64 17.84 19.88 18.49 20.64 21.41 19.43 22.24 IS.99 20.71 23.10 21.14 23.68 21.64 24.09 21.99 22.44 22.90 23.31 23.86 24.06 26.77 26.32 

24.64 26.03 
2: 

26.68 24.03 24.60 24.79 

4:s 
21.34 19.49 20.26 21.19 28.83 11.64 23.47 21.86 23.74 22.63 24.48 23.7I 26.74 24.40 24.60 26.37 27.67 

29.22 
26.90 24.44 24.94 27.49 28.13 28.81 29.21 29.30 31.36 31.97 

29.30 31.69 29.87 30.68 23.16 30.34 28.14 30.99 28.74 31.09 31.72 31.90 24.10 26.38 33.98 26.46 24.34 27.74 28.64 29.73 34.62 
32.19 32.98 33.62 34.18 34.36 38.64 37.22 

E 24.S4 24.74 26.98 27.84 27.2% 29.14 27.63 29.40 30.12 28.24 31.49 29.72 32.42 30.69 33.98 31.87 32.61 34.44 33.20 36.40 33.86 34.48 36.34 36.91 36.40 39.77 39.07 39.78 
34.08 39.76 37.67 

x.: 30.34 39.64 29.74 31.43 
38.28 39.00 

710 
31.02 32.W 31.27 33.14 31.99 33.84 33.44 36.43 

39.16 41.67 
34.44 34.44 34.00 38.20 39.80 38.94 37.69 

42.31 
38.31 39.00 39.99 40.83 41.38 41.63 44.06 44.82 

39.78 40.63 41.24 42.30 42.97 43.76 32.17 36.76 43.90 33.62 34.80 37.%0 4%.63 47.33 36.02 38.49 40.32 41.08 
41.98 42.76 43.61 U.42 46.31 Q8.12 4t3.27 49.01 49.84 

8.0 36.83 37.34 38.43 38.81 39.64 41.68 42.77 44.66 46.39 43.34 
lo"4 39.66 43.33 

47.21 48.02 49.26 60.00 60.87 

11:o 
41.22 46.17 42.60 49.46 42.47 U.68 43.39 47.30 46.0 49.49 

61.01 63.98 64.86 
U.90 61.09 48.86 63.20 49.73 64.13 60.79 61.71 62.68 63.93 64.73 66.47 66.79 68.99 

66.28 
69.93 

68.27 47.18 67.19 68.46 49.19 60.44 60.67 61.28 63.86 69.61 90.61 60.43 66.36 
67.42 

04.06 46.06 
68.40 69.83 40.89 4l.W 

12.0 61.11 
03.43 04.34 66.41 

63.28 64.64 
46.62 

64.44 66.34 6B.08 69.49 
49.17 70.23 

82.11 83.14 U.46 96.68 d(1.40 88.29 49.26 70.39 70.48 74.37 76.49 

16.0 (u.34 %9.06 47.32 97.31 47.94 71.26 73.14 74.03 77.21 78.77 %:: 109.43 86.38 80.11 81.28 114.00 88.98 116.22 90.24 116.26 90.40 83.30 84.41 85.77 l14.48 90.07 120.44 94.81 123.44 97.27 86.84 90.44 100.89 127.43 102 29 

129'46 

104 27 

131'8% 

106 94 

l33'91 

107 39 

136'41 

109 94 

138'74 

111 31 113 07 113 08 

142'47 

II8 96 120.68 91.74 

30.0 136.44 141.04 142.24 l41.7l Ml.88 148.09 161.49 164.83 168:48 141:62 
183.37 

149:42 
140'32 

36.0 
143:94 

l70.10 1711.23 
14S:Sl 

170.49 170.42 177.70 
if1143 

142'62 
174112 173:99 

l49'49 
182:86 

161 43 

181.92 187.86 
I84:93 

lBS.Sl 193.21 I94.04 l98.28 202.68 204.40 207.81 207.81 2I7.79 220.42 

2:: 224.4 193.2 201.1 133.9 102.1 234.9 201.2 233.7 200.8 233.0 209.2 242.4 214.1 248.1 220.8 223.1 224.9 230.1 232.4 237.6 239.8 243.6 243.3 266.0 268.0 
266.7 268.2 

40:o EC: 

242.6 244.1 
26%.1 248.4 249.6 

244.9 
2S0.0 247.0 277.8 

274.6 274.9 281.3 280.9 297.8 
284.0 292.4 

294.4 
296.2 29S.9 

329.9 293.2 306.0 343.1 
304.0 307.1 

3Q6.8 343.8 341.0 304.0 340.1 302.7 
313.3 321.0 

314.8 363.6 341.1 321.7 
314.0 320.6 336.7 339.6 

331.0 333.9 339.2 343.8 347.2 364.1 364.9 392.4 382.0 
371.3 374.6 

379.0 383.2 
380.3 386.3 360.0 394.8 399.4 404.0 406.3 424.2 428.8 

%I8 394.3 408.2 424.4 383.0 383.6 414.9 422.3 381.2 379.1 419.7 39 43 3 .8 .8 402.3 416.1 413.3 414.7 423.1 428.4 432.7 U0.9 461.2 
467.1 

444.1 460.4 471.3 478.4 
UO.7 

1oo:o ZE 

492.7 rM7.6 612.2 612.4 473.4 478.0 487.0 609.1 606.6 624.4 636.6 490.4 498.2 649.4 663.6 497.3 620.2 626.7 
641.6 

CVS.4 683.2 4Q4.1 70%.0 
688.4 673.7 

do4.0 706.6 tW4.9 697.3 
684.2 647.9 697.4 

401.0 700.7 419.4 720.6 dJ2.2 734.9 448.1 762.8 
698.2 423.4 429.9 

462.4 767.9 491.8 470.1 976.9 887.9 492.0 703.2 701.7 733.4 
768.3 

740.9 
777.7 784.2 797.9 802.4 816.3 813.6 860.0 868.4 

160.0 200.0 1436. 1441. 1444. 1481. 1626. 1639. 
260.0 2201. 1210. 2246. 2239. 23l8. 2367. 
300.0 3I40. 3l32. 3287. 

360.0 4681. 47l7. 4783. 
4l30‘ 

ii;;. 

6200. z!: 629%: 22:: 

6481. 6401. 6712. 6480. 6%03. 6743. 6964. 
s;. 

f88;. ;04;. 024. 
g7;. g4;. . z:: ii!:: ;;g. El;. 

4204. 4241. 6341. 
%321. 714s 

U32. 6603. 
8122: 8248: 

83%7: 8481: 8610: E? 
7426. 7643. 7441. 7849. 

. 4444. 8801. X% . 8906. 9162. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROSIC STOPPI POYLIR II UIITS OF I!EV/t?IG/SQ Cl!) 
166 

ER IOHS 
48 

WA BE 
EC 12 

IG AL SI CA II CB FE II W GE SE SR 7.a UO Bn 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4” 

*...*++~...l..*....L..*.*~*..~**.**...~.***.*****~.**.*.*****....*..**..**.****..**..*..*********.~.~*.*~*~.*.*~*~*********..***~~.* 

3:6 3.: 

149.2 119.3 96.1 

2: 

91.4 81.4 70.0 84.6 

22 

82.6 

Et 

61.9 

::: 

49.6 47.8 

t::: 

44.3 

147.1 143.9 122.1 122.7 96.2 92.8 71.8 

t:: 140.2 134.4 122.1 120.8 t?x 94:s kX SO:4 E.8 91:s 

2; 

7217 E-i 

ii:: 

EX Et z*; 47:e 

X 3 e1:e 64.1 66.4 

tiY:F 42.6 82.7 Ef 69:1 64.4 64.1 .E-z 54:8 

61.7 63.1 2:: it:; 

63.9 64.2 E . ix 48:s ::: 

i:! 132.4 128.9 119.0 117.0 E: . 2: Ei: 82.9 82.0 72.2 Et 47.7 W.6 8::: 69.0 58.8 64.6 64.3 64.4 62.6 62.4 it,‘: 49.4 

;:; . 126.3 118.4 121.8 114.8 112.4 110.4 i:% . ii*; 84:o ii?; as:4 81 Fit: , 1 SS:2 E 70’0 2; ii:; Z:ki 2; it:% 41.9 41 ao:a 3 i.g . 64.0 66.4 56.2 iii 2; Et: 53:s 63.4 52.4 52.1 51.8 49:1 49.1 48.9 ii?: Z:i 

8:: 112.6 106.1 84.7 81.9 81.2 82.9 76.8 47.4 

;gg.; . lo&; . E:‘: !?:i CE ;:i 

EC: 

41:s 

ii:: 63.2 81.7 59.6 68.1 E:f 54.2 63.0 52.9 61.9 62.6 61.5 61.0 Z:? 48.2 47.3 

10.0 %X 60.7 64.8 51.9 60.4 iii:: 44.9 11.0 
12.0 

E:X ::1: 
7416 

Et 76.6 70:6 
So:6 

EC3 E:! i:Zj 50.7 ii.: 49.4 44.1 z 
73.3 84.4 . 

i::: Z$f 
. 49.4 4818 48.3 

g:: 
45.3 44:7 

16.0 83.70 82.44 63.36 46.78 47.41 63.43 64.11 64.58 63.72 53.54 60.66 48.14 46.46 45.64 46.40 44.34 42.85 42.16 
20.0 71.45 71.70 SO.34 58.16 59.48 6S.62 60.14 48.89 48822 48.19 46.63 43.44 41.99 41.36 41.19 40.31 39.20 38.42 
25.0 42.72 S3.43 64.24 52.34 63.77 61.16 46.48 44.42 43.87 43.92 41.62 39.48 38.38 37.87 37.74 37.01 36.14 36.36 
E:! 613.16 61.02 67.43 62.60 49.47 46.40 47.74 44.04 49.10 46.31 46.87 43.37 41.74 38.47 40.82 37.84 40.34 37.44 40.46 37.58 36.64 38.26 34.69 34.03 36.43 32.98 36.02 32.43 32.67 34.94 34.28 31.99 33.67 31.39 30.66 32.80 

2.8 
SO:0 

46.87 43.44 48.49 46.14 42.39 39.48 40.94 38.37 42.17 39.61 40.46 37.97 38.11 33.92 36.37 33.24 35.03 32.96 36.14 33,lO 33.28 31.34 31.88 30.03 30.90 29.12 30.81 28.87 30.67 28.86 30.06 28.37 29.53 27.91 28.82 27.24 
40.69 42.31 37.37 3S.14 37.23 36.84 32.04 31.43 31.16 31.31 29.46 28.43 27.58 27.34 27.36 26.91 28.60 25.87 

66.0 38.13 39.88 35.34 34.21 35.25 33.98 30.40 29.83 29.68 29.75 28.18 27.03 26.22 24.03 26.03 26.43 25.26 24.66 
40.0 34.01 37.77 33.40 32.62 33.61 32.34 28.96 28.42 28.20 28.37 28.87 26.79 26.02 24.84 24.84 24.49 24.14 23.67 

46.0 34.14 36.91 32.06 31.02 31.97 30.89 27.64 27.17 26.97 27.14 26.71 24.46 23.96 23.81 23.81 23.47 23.16 22.61 
70.0 32.62 34.27 30.44 29.48 30.40 29.59 26.61 28.06 26.64 28.03 24.67 23.49 22.99 22.86 22.87 22.56 22.26 21.73 
80.0 29.77 31.48 28.29 27.40 28.25 27.37 24.64 24.12 23.94 24.13 22.88 21.97 21.33 21.23 21.26 20.94 20.49 20.23 
90.0 27.62 29.20 26.33 26.61 24.30 25.62 22.90 22.52 22.38 22.66 21.38 20.56 19.96 19.87 19.89 19.44 19.39 18.94 

100.0 26.44 27.30 24.49 23.92 24.87 23.96 21.51 21.16 21.04 21.22 20.12 19.34 18.78 18.71 18.74 18.61 18.28 17.89 

160.0 19.44 21.09 19.24 18.44 19.26 18.77 14.88 16.63 14.64 16.72 16.87 16.27 14.83 14.81 14.83 14.68 14.50 14.23 
200.0 14.32 17.80 14.27 16.74 14.14 16.89 14.28 14.02 14.04 14.22 13.48 13.27 12.83 12.66 12.61 12.44 12.66 12.12 
260.0 14.37 16.73 14.41 13.95 14.27 14.09 12.47 12.30 12.49 12.84 11.99 ;;A: ;;Lt: 11.18 11.23 11.04 11.19 10.81 
300.0 13.02 14.29 13.10 12.49 12.98 12.83 11.64 11.11 11.39 11.63 10.93 10.21 9.88 
360.0 12.03 13.22 12.13 11.76 12.03 11.89 10.70 10.31 10.67 10.70 10.16 9:99 9.66 9.49 

'"9.;; 
. 

l&g '"9.;; 
9.19 

400.0 11.27 12.41 11.39 11.04 11.30 11.17 9.70 9.94 10.07 9.66 9.39 9.09 a.93 a.97 8.83 8.95 8.66 
460.0 10.48 11.77 10.81 10.47 10.73 10.41 

I;.;; 
9.22 9.44 9.54 9.06 8.92 8.49 8.63 8.40 8.61 8.23 

600.0 10.20 11.26 10.34 10.01 10.24 10.16 9:14 8.83 9.03 9.14 8.49 8.54 
i:E 

8.13 8.17 8.04 8.16 7.89 

. . ..***~.***.*...~**.....**.*.********.***.******.*.***.*.***~***********.**.*******.*****..*********...**.***..**~.******~*.***.... 
E/A sa TE BA LA PB m Go ii0 In LU TA BE Ia AU PB BI Tn U 

60 62 6% 67 69 62 44 67 69 71 73 76 77 79 82 83 90 92 
..*....*..~..*...**....~**.*.*.~**..*.**~***..*...***********.****..******.********~~***.~~**.*.~.***~.*.**.*..~....*.....*.~.*...* 

41.40 39.46 39.48 39.76 39.38 37.11 36.95 33.93 33.19 32.31 31.69 31.14 30.03 29.64 29.32 29.39 28.17 27.86 
43.64 41.63 41.66 41.83 41.61 39.22 38.03 3S.02 36.30 34.41 33.77 33.24 32.10 31.48 31.32 31.40 30.06 29.71 
44.91 42.87 42.86 43.17 42.91 40.42 39.42 37.46 38.76 36.88 36.21 34.47 33.64 33.10 32.72 32.80 31.38 31.01 
45.77 43.72 43.73 44.02 43.60 41.63 40.34 38.41 37.73 x1.86 36.20 36.47 34.65 34.10 33.70 33.77 32.29 31.92 
46.28 44.23 44.23 44.62 44.36 42.11 40.93 39.04 38.39 37.62 38.87 38.35 35.26 34.79 34.37 34.45 32.93 32.64 

2.6 

Z:Z 

t:: 

6.0 
6.5 

2: 
7:o 

46.63 44.49 44.49 44.78 44.86 42.44 41.27 39.44 38.81 37.95 37.31 38.79 36.72 35.24 34.83 34.90 33.36 32.96 
44.40 44.67 44.67 44.87 44.74 42.60 41.46 39.48 39.06 38.21 37.67 37.07 38.02 36.64 36.12 36.19 33.42 33.23 
46.64 44.63 44.53 44.83 44.76 42.42 41.49 39.76 39.17 38.34 37.71 37.22 34.19 36.74 36.28 35.34 33.78 33.38 
10.38 44.39 44.39 44.49 44.44 42.66 41.43 39.74 39.18 38.37 37.76 37.27 35.26 36.81 35.35 36.43 33.84 33.44 
46.16 44.19 44.18 44.48 44.44 42.41 41.31 39.66 39.12 38.32 37.71 37.24 36.26 35.82 36.36 36.42 33.83 33.44 

:Ei 
26:0 

28 

ii?: 

iti-: 
40:o 

46.0 
70.0 

ix 
1oo:o 

150.0 

fE 
3oo:o 
360.0 

400.0 

:i%:: 

46.56 43.43 43.43 43.92 43.94 41.98 40.90 39.34 38.83 38.07 37.47 37.02 38.08 36.88 36.18 35.24 33.67 33.28 
44.82 42.96 42.96 43.24 43.30 41.39 40.34 34.88 38.40 37.47 37.09 34.84 36.74 36.36 34.87 34.96 33.37 32.99 
44.04 42.21 42.22 42.60 42.69 40.76 39.75 38.34 37.89 37.18 38.43 36.21 36.36 34.94 34.48 34.66 32.99 32.42 
43.22 41.46 41.44 41.74 41.84 40.07 39.11 37.76 37.33 36.46 34.11 36.71 34.88 34.61 34.03 34.10 32.54 32.20 
42.41 40.48 40.49 40.97 41.09 39.38 38.44 37.16 38.76 38.09 36.67 36.18 34.38 34.03 33.56 33.62 32.11 31.76 

40.04 38.43 38.44 38.72 38.89 37.32 36.47 35.32 34.98 34.36 33.91 33.66 32.84 32.52 32.06 32.12 30.88 30.36 
36.64 36.12 35.14 36.40 36.41 34.24 33.49 32.62 32.24 31.73 31.31 31.01 30.39 30.13 29.48 29.74 28.43 28.12 
33.47 32.37 32.41 32.64 32.87 31.44 30.97 30.13 29.89 29.44 29.04 28.80 28.26 28.04 27.51 27.47 28.44 28.18 
31.27 30.07 30.12 30.33 30.67 29.46 28.86 28.10 27.90 27.49 27.15 24.91 m.42 24.24 26.83 25.89 24.77 24.61 
28.24 28.13 28.18 28.39 28.43 27.60 27.04 26.37 24.19 26.62 26.60 26.29 24.84 24.49 24.30 24.34 23.31 23.08 

27.61 28.47 24.62 26.72 24.94 24.01 25.49 24.88 24.72 24.38 24.09 23.89 23.48 23.34 22.98 23.03 22.06 21.83 
24.01 26.03 26.09 25.28 26.62 24.43 24.16 23.68 23.44 23.13 22.86 22.87 22.29 22.17 21.82 21.87 20.94 20.74 
24.JO 23.78 23.84 24.02 24.28 23.42 22.97 22.44 22.31 22.02 21.78 21.69 21.23 21.13 20.79 20.84 19.96 19.77 
23.56 22.47 22.73 22.90 23.14 22.36 21.92 21.43 21.31 21.04 20.79 20.84 20.30 20.21 19.88 19.93 19.10 18.91 
22.62 21.49 21.76 21.91 22.14 21.39 20.99 20.53 20.42 20.14 19.93 19.78 19.44 19.38 19.07 19.12 18.32 la.15 

21.40 20.80 20.84 21.02 21.26 20.64 20.18 19.72 19.62 19.38 19.16 19.01 la.71 18.44 18.33 18.38 17.82 17.46 
20.77 20.01 20.07 20.22 20.46 19.74 19.40 18.99 18.89 18.44 18.46 18.32 16.03 17.98 17.47 17.71 14.98 14.83 
19.34 18.43 18.49 18.83 19.05 18.42 18.09 17.72 17.43 17.42 17.22 17.10 14.84 14.78 14.61 14.66 16.87 16.73 
18.13 17.47 17.63 17.44 17.86 17.29 14.98 14.44 14.67 16.37 14.19 14.08 16.84 15.79 15.63 16.67 14.93 14.80 
17.11 14.48 14.64 14.47 14.88 14.32 14.04 16.73 16.44 16.48 16.31 16.20 14.98 14.93 14.49 14.73 14.13 14.01 

13.42 13.12 13.17 13.28 13.44 13.03 12.81 12.69 12.64 12.41 12.28 12.20 12.03 11.99 11.61 11.84 

g.g 
9144 

1ig.g 
9:ir 

i;.;z! ‘“9.;; 10.42 

l;.C3t I;.;: 

9104 a:90 
tog.;; 
a: 76 

l"g.v& 
8176 

‘“9.:: . 10.48 9.31 

x:z 
8.63 X-E 

10.28 9.19 10.25 9.12 10.09 8.98 10.12 9.01 a:94 8:44 

8.80 - 8.60 8.41 8.29 6.15 8.16 7.96 7193 E: . f:% % . ?:x . ;49 . ::z 

8.293 8.010 7.927 7.964 8.074 7.891 7.812 7.482 7.8B9 7.006 7.497’ 7.483 7.406 7.364 7.240 7.263 7.206 6.969 
7.888 7.420 7.643 7.648 7.S83 7.611 7.435 7.313 7.320 7.240 7.139 7.126 7.063 7.006 8.894 6.918 4.882 4.440 
7.640 7.303 7.232 7.264 7.364 7.202 7.129 7.013 7.021 4.946 4.1348 4.836 4.767 6.722 6.416 6.439 6.683 6.392 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

FzAPGP II UIITS OF )IG/Sq a 
106 

m IOSS 
66 

E/A BE 
ec 12 

ffi AL SI CA II CR FE 11 OJ GE SE SR zn no ail 
4 13 14 20 22 24 26 28 29 32 34 36 40 42 46 4:G 

****.**,***.****......**...*..***..~~.*.*..*******~***..**.*...**~*********.~..*...***.*******.......*....*.*.~******.***.*.*.***..* 
2.6 6.970 6.710 8.066 6.060 7.910 9.419 10.160 10.703 11.090 11.610 11.770 12.600 13.020 13.667 13.780 14.008 14.420 14.800 
3.0 6.630 6.397 8.934 6.960 8.810 10.426 11.349 11.931 12.368 12.813 13.160 14.083 14.663 16.183 16.417 16.700 16.317 16.626 
3.6 7.100 7.074 9.796 9.664 9.703 11.419 12.497 13.133 13.698 14.081 14.613 16.624 16.097 16.746 16.SSQ 17.347 18.123 18.384 
4.0 7.684 7.762 10.650 10.770 10.697 12.407 13.637 14.324 14.624 16.333 16.847 16.941 17.686 18.279 18.660 18.964 19.677 20.101 
4.6 8.286 8.436 11.633 11.663 11.496 13.398 14.777 16.613 16.046 16.677 17.172 18.348 19.069 19.798 20.086 20.642 21.698 21.799 

6:0 ix 

8.902 9.127 12.416 12.607 12.406 14.396 16.923 16.706 17.270 17.822 18.497 19.763 2G.629 21.310 21.613 22.122 23.301 23.479 

10.190 9.637 10.646 9.830 14.221 13.311 13.543 14.493 13.326 14.269 16.402 16.420 17.077 18.242 17.906 19.117 18.600 19.740 19.072 20.329 19.826 21.163 21.161 22.676 22.001 23.478 22.823 24.340 23.141 24.673 23.699 26.280 24.894 28.084 26.168 20.839 
6.6 10.862 11.276 16.146 16.468 16.206 17.460 19.420 20.339 20.991 21.6SS 22.610 24.001 24.966 26.806 26.212 26.866 28.374 28.626 
7.0 11.662 12.020 16.084 16,438 16.169 18.494 20.613 21.676 22.266 22.876 23.870 26.437 28.463 27.402 27.762 28.464 3o.WQ 30.219 

6.0 12.99 13.66 18.01 18.46 16.14 20.63 23.04 24.09 24.83 26.47 26.63 28.36 29.60 30.61 30.90 31.69 33.48 33.64 

2: 
11:o 

14.60 16.09 16.16 16.81 2G.00 22.0 20.63 22.67 20.17 22.27 22.82 26.08 26.64 28.11 M.67 29.32 27.46 30.16 28.13 30.86 32.34 29.46 31.33 34.37 32.60 36.76 33.66 36.92 34.09 37.36 34.96 38.33 3B.94 40.46 37.12 40.66 
17.76 18.63 24.19 24.89 24.44 27.40 30.74 32.04 32.94 33.64 36.30 37.49 39.00 40.22 40.67 41.74 44.02 44.28 

12.0 19.48 20.32 20.39 27.17 29.67 29.79 33.46 34.83 36.78 36.60 38.33 40.67 42.30 43.80 44.07 46.23 47.66 47.94 

16.0 26.12 26.06 33.37 34.43 33.77 37.34 42.01 43.64 44.73 46.48 47.86 60.68 62.88 64.17 64.70 66.12 MI.96 69.41 
20.0 36.89 36.88 46.33 47.89 46.86 61.24 67.68 69.73 61.06 81.86 66.18 68.86 71.60 73.30 73.92 76.78 79.22 90.08 
26.0 48.32 49.19 60.86 62.96 61.66 66.70 76.09 T7.67 79.14 79.91 84.30 88.88 92.20 94.30 94.99 97.29 101.30 102.61 

2:: 62.33 77.86 62.94 78.08 76.90 94.40 97.70 79.68 77.73 96.36 102.09 83.67 114.84 94.16 118.22 97.08 120.26 98.88 120.94 99.63 106.14 127.67 110.69 134.23 114.73 139.04 117.11 141.69 117.86 142.49 120.62 146.70 126.16 160.74 127.00 163.20 

40.0 94.86 94.66 113.29 117.26 114.36 121.93 137.07 140.91 143.18 143.79 161.81 169.46 166.06 167.97 168.81 172.49 178.02 181.14 
46.0 113.26 112.30 133.66 138.21 134.70 143.12 160.80 166.13 167.63 168.13 177.63 186.29 192.74 196.91 196.77 200.93 206.94 210.78 
60.0 133.04 131.31 166.11 160.61 166.36 166.63 186.99 190.82 193.66 193.93 204.77 214.71 222.06 226.46 226.34 230.98 237.48 242.08 
66.0 164.16 161.62 177.96 184.13 179.28 189.42 212.60 217.93 220.90 221.13 233.60 244.67 262.93 266.66 267.46 262.60 269.68 274.94 
80.0 176.68 172.92 2Q2.04 209.02 203.44 214.47 240.68 246.46 249.66 249.71 203.67 276.12 286.34 289.20 290.11 296.74 533.20 309.39 

66.0 200.2 196.6 227.3 236.2 228.8 240.7 269.9 276.3 279.8 279.6 296.3 309.0 319.3 323.3 324.2 330.4 338.3 346.4 
70.0 226.1 219.1 263.9 262.6 266.4 268.2 300.6 307.6 311.2 310.9 328.2 343.4 364.6 366.9 369.8 366.6 374.9 382.8 
80.0 279.6 299.7 310.3 320.8 311.9 326.6 306.7 373.8 377.9 377.2 398.2 416.2 429.7 434.3 436.2 442.9 462.3 462.1 
90.0 336.6 324.6 371.1 383.6 372.8 389.6 436.8 446.1 449.7 448.4 473.3 494.4 610.2 616.2 616.0 624.8 636.3 646.9 

100.0 399.1 383.4 438.3 460.9 438.0 468.6 610.7 621.2 626.2 624.3 663.4 677.7 696.0 601.3 802.0 611.9 623.6 637.1 

160.0 773.4 733.4 821.3 848.0 823.1 862.2 960.8 988.2 976.6 989.6 1022.7 1066.7 1098.2 1104.9 1104.8 1120.4 1138.4 1162.2 
200.0 1239.8 1164.7 1293.6 1336.3 1296.6 1336.3 14aS.l 1614.8 1623.2 1611.2 1694.0 1646.8 1699.4 1717.2 1716.7 1738.0 1763.1 1797.9 
260.0 1783.8 1662.6 1837.6 1696.6 1646.4 1892.9 2108.2 2149.0 2161.6 2132.2 2249.0 2312.2 2387.6 2419.8 2416.6 2449.4 2466.1 2626.2 
300.0 2392.1 2217.6 2443.1 2622.0 2466.4 2611.7 2796.1 2861.3 2849.0 2821.3 2976.6 3060.6 3160.8 3198.2 3l90.6 3237.7 3232.6 3329.7 
360.0 3G67.0 2822.3 3102.6 3202.7 3121.6 3184.7 3644.0 3637.9 3606.9 3669.6 3764.6 3862.3 3979.7 4042.9 Qo31.6 4092.6 4076.8 4201.8 

400.0 3771. 3471. 3809. 3932. 3834. 3906. 4346. 4469. 4370. 4308. 4710. 4866. 4946. 4930. 6006. 4977. 6133. 
460.0 4627. 4168. 'Wit: 4706. 4689. 4668. 6192. 6347. 

gP3: 
6217. 6600. 6618. 66.04. 6900. 6680. 6971. 6929. 6117. 

600.0 6323. 4880. 6617. 6380. 6469. 8081. 6267. 6176. 6104. 6436. 6669. 8786. 6900. 8876. 6981. 6927. 7147. 

**.**.***1*...*..*.*.......**....***..*******.**.***.**..**.*.~**.*~**.****~*****~*.*********....******.**~~*~~****.~**~~***.*~*..*. 
E/A SI I!? BI LA Prt SH CD Ii0 l?l LU IA SE Is AU m BI Ill u 

60 62 68 67 69 62 64 67 69 71 73 76 n 79 a2 83 90 92 
I*~**..~.*.*.*~~*I.***..**~*..~.*******~.**.*******.****..*~*~**.****.***.*****~*.***.**.****..****~.~***.***..****~**.*****.*.*~~** 

2.6 16.63 16.11 17.38 17.71 18.36 19.29 19.86 20.67 21.00 21.42 21.86 22.30 22.76 23.16 23.70 23.90 26.81 26.16 
3.0 17.48 18.16 19.42 19.74 20.41 21.46 22.09 22.94 23.42 23.91 24.38 24.87 26.42 26.86 26.43 26.62 28.46 29.03 
3.6 19.36 20.12 21.39 21.69 22.37 23.64 24.23 26.20 26.73 26.27 26.79 27.32 27.94 26.42 29.02 29.21 31.16 31.76 

t:: 21.19 22.99 22.03 23.92 23.30 26.19 23.69 26.46 24.28 26.17 26.66 27.64 26.31 28.36 27.39 29.63 27.96 30.13 30.78 28.66 29.11 31.38 31.98 29.67 30.38 32.76 30.89 33.30 33.96 31.62 31.70 34.13 33.76 36.30 34.40 36.97 

6.0 24.78 26.79 27.06 27.32 28.03 29.60 30.37 31.64 32.26 32.98 33.62 34.26 36.09 36.67 39.36 36.62 36.80 39.60 
6.6 26.66 27.66 29.92 29.17 29.89 31.46 32.38 33.74 34.41 36.16 36.83 38.49 37.41 36.01 38.73 38.89 41.28 42.01 

8:: 28.34 30.13 31.3a 29.62 30.78 32.66 31.02 32.88 31.74 33.60 33.40 36.36 34.36 36.38 36.83 37.92 36.63 38.66 37.32 39.49 38.04 40.24 38.73 40.96 39.71 42.00 40.34 42.66 41.08 43.43 41.24 43.69 43.74 46.20 44.60 46.99 
7.0 31.92 33.26 24.63 34.74 36.46 37.30 38.39 40.01 40.77 41.66 42.44 43.18 44.29 44.97 46.78 46.93 48.86 49.47 

a.0 36.64 37.04 38.30 36.49 39.22 41.24 42.42 44.21 46.03 46.00 46.86 47.66 48.87 49.62 60.49 60.62 63.67 64.44 
10"~~ 

11:o 

42.96 39.21 40.87 44.77 42.14 46.04 42.30 48.17 43.02 46.89 46.22 49.26 46.61 60.66 48.46 62.76 49.33 63.68 60.38 64.81 61.30 66.80 62.16 68.71 63.49 68.16 64.29 69.01 60.01 66.22 SO.13 66.36 83.62 68.62 94.61 69.46 

46.76 48.74 60.00 60.11 60.82 63.37 64.86 67.11 68.09 69.31 80.37 61.33 62.89 63.79 64.86 64.96 68.68 69.63 
12.0 60.63 62.78 64.06 64.13 64.82 67.66 69.14 61.66 62.67 03.87 66.00 66.01 67.68 68.64 6S.77 69.87 73.72 74.82 

16.0 62.72 66.38 60.64 B5.63 67.28 70.64 72.44 76.29 76.46 78.01 79.34 80.60 82.60 63.60 84.96 86.02 89.68 90.87 
20.0 84.43 87.99 89.23 89.07 89.60 93.78 99.21 99.60 101.19 103.16 104.83 106.26 108.79 110.13 111.88 111.89 117.70 119.29 
26.0 108.11 112.63 113.86 113.61 113.89 119.02 122.00 126.33 127.96 130.33 132.37 134.04 137.14 138.71 140.89 140.84 147.98 lQS.SO 
30.0 133.71 139.28 140.44 139.91 140.09 146.23 149.79 164.88 166.71 169.63 161.94 163.88 167.64 169.33 171.99 171.87 160.43 la2.68 
36.0 16l.la 167.82 168.96 168.22 168.17 176.38 179.63 186.39 187.44 190.70 193.60 196.71 199.96 201.86 206.14 204.94 216.00 217.60 

2:: 190.6 221.6 230.6 ma.3 199.3 231.6 198.4 230.3 198.1 229.7 70(1.4 239.2 211.2 244.6 217.8 262.1 220.1 264.6 223.8 268.8 227.0 262.4 229.6 266.2 234.3 270.6 236.6 273.0 240.3 277.4 240.0 277.0 261.6 290.3 264.6 293.6 

EE 264.3 288.7 264.6 300.3 206.6 301.1 264.0 299.4 298.1 263.1 310.0 273.7 316.9 279.9 326.0 288.2 329.0 290.9 296.6 334.1 299.8 338.7 302.7 342.0 338.8 348.8 311.4 361.6 316.4 367.2 316.9 366.6 X30.9 373.4 334.6 377.6 
60.0 324.7 337.0 338.6 336.6 334.8 348.0 366.6 386.8 368.8 374.4 379.6 383.1 390.6 J93.6 399.8 399.2 417.8 422.4 

66.0 392.4 378.9 377.6 376.2 373.1 387.6 396.0 406.9 410.2 416.6 421.9 426.9 434.1 437.2 444.2 443.6 464.0 409.0 
70.0 401.6 417.6 418.0 416.4 412.9 428.6 437.9 449.8 463.4 460.1 466.1 470.4 479.3 482.13 490.4 409.6 612.0 617.6 
80.0 484.6 603.6 603.8 600.6 497.1 616.9 626.6 640.3 644.4 662.3 669.3 694.3 674.6 678.3 687.6 686.6 613.2 619.6 
90.0 673.2 696.7 686.6 691.7 687.1 dog.0 821.4 ‘337.1 641.8 660.6 868.8 bd4.6 B76.3 680.4 691.4 690.0 721.1 728.6 

100.0 667.6 693.6 6S3.2 666.6 662.6 707.9 722.1 739.7 744.7 766.0 764.3 770.7 784.2 768.6 801.3 799.9 836.6 843.8 

160.0 1216. 1263. 1261. :z:. 1336. 1342. 1369. 1376. 1386. 1408. 1414. 1437. 1434. 1496. 1610. 
200.0 1881. 1962. 1948. 
260.0 2441. 2739. 2739. 2716: 

::::: %i: cz 

2821 I 
2063. 

5%. 
2067. 2111. 2126. 2168. 2166. 2201. 2196. 2273. 2311. 

2984. 2n4. 2876. 
3796 : 

2920. 2964. 2973. 3016. 3029. Jon. 3221, 
300.0 3461. 3So9. 3Sl9. 3694. 3648. ZZ: 3714. 3786. 3839. 3866. 3907. 3960. 3961. 4046. 

pef. x3;. 
4224. 

360.0 4392. 4662. 4673. 4644. 4484. 4662. 4770. 4779. 4834. 4897. 4919. 4962. 6011. 6091. 6076 : 6176: 6308. 

ii??: 6391. 6364. 6622. 6669. 6690. 6664. 0829. 6669. 6636. 6463. 9719. 6640. 6806. 6716. 6928. 6820. 6936. 6829. 7014. 6896. 7109. 6973. 7136. 6997. 7222. 6072. 6108. 6206. flUi;. 6296. g:. 

600.0 7467. ?736. 7789. 

7266. 7381. 

n60. 7642. 7848. 7946. aQ88. 8094. 8186. 8297. 8326. 8424. 6476. 6610. 8684: 6:;. . 8963: 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTIlCl6IC SIOPPIIG WUER II UIITS OF ICKV/OtG/SQ QI) 
189 

In IOSS 
49 

13/A W 8C 12K; 13U 14SI mU lla 24Qt I% 2*61 29cU 32GB 34SE 38SR 26 HO RR 
4 24 40 42 46 4:G 

~.*.+~+.**+L..~***.*****.***.***..*.**.****.***..~**.*~.**....**.*.*****.*..***.**.~***.*****...~****~****~***.*.*****.*.***.******* 
3:fl 161.4 120.7 

14S.t 123.7 l:d Z:i i:i t?: 
86:1 

TPX 
7317 

%a it: 
2: se.2 66.6 

EX ii:: 
48.2 

41.6 ?f 

4:6 z3 
144.6 114.6 

9&.: es:1 23 9l:s 
’ 7014 6814 

I : !  . 
42.8 Ek; 64:2 

S&i ss:e 

;:i 
. 

;:t 
. 48:6 

142.9 139.1 111.7 124.0 Et: ii:; 2.: . B:X f:E 2: f% 67.3 64.9 ,E:i $:f 63:2 xi:: 49 49:s 4 

i:: 131.6 136.2 121.0 119.0 

;:; z:: . 

E:E E: . iii:: Et 2:: 4:: Rf 3::: 800 6S:4 67.3 67.2 66.7 66.7 i?: . E:: 49.7 49.9 ii?: 

$:% . 117.9 114.4 121.1 114.9 111.6 114.7 ;:i . i$% . ;:; . T?i 7014 87:s %I’ 6614 zk: 2: es:7 t:.: 41:s Ei.: 69.4 . iJ:% . f:; . it*: 64:3 i:f . :z 49.9 . 
% 
49:7 

4.0 

pg.8 104:6 iO4.f 100:2 at&z * z-: ’ 

84-4 

Ck:, 

88.4 69.3 
g:; 

04.3 60.6 67.4 66.1 63.4 63.4 61.9 49.2 49.0 

28 41.4 69.2 64.0 61.0 
11:o 

‘E.8 E:(: 
%i E 
74:o 73:o 

FEi 
74:7 

2*x 
El Et-8 

es:9 E3 
61’4 

g:; . 

ES 67.4 82 ::*t * E 2: 

12.0 . so:9 2:: ii?: iii:: 
k?z 
60:4 ii:: 

60:3 iii*: 
48:o 

!:8 

43.3 4811 it: 

16.0 46.44 84.44 89.78 47.16 0.80 64.72 67.24 66.68 64.79 64.43 61.64 49.10 47.34 46.64 48.30 46.21 43.49 42.97 

3o:o E8 

73.20 73.34 41.44 69.42 60.94 67.73 61.21 49.93 49.24 49.21 48.49 44.36 42.47 42.21 42.06 41.16 40.02 39.22 

64.29 67.69 06.16 68.43 66.49 60.42 48.44 63.62 64.99 60.14 47.96 62.29 48.49 42.43 46.40 41.76 44.44 41.27 44.88 41.36 42.43 39.12 40.63 37.41 39.22 36.23 38.70 36.40 38.66 36.72 37.41 36.04 38.92 34.31 38.11 33.63 
36.0 62.34 63.41 44.44 46.09 48.39 44.39 39.68 38.74 38.33 38.46 38.38 34.82 33.73 33.38 33.32 32.72 32.11 31.36 

g:i 
66:O 

48.10 44.41 41.47 43.41 49.71 40.30 40.44 38.30 43.42 41.96 3S.31 37.04 43.18 40.48 38.16 41.42 38.89 36.72 34.74 32.83 36.97 32.20 39.21 34.08 33.74 35.84 31.91 33.89 32.08 36.99 34.07 32.09 30.37 32.43 30.76 29.12 31.43 28.24 29.82 31.33 29.64 28.02 31.29 28.01 29.63 30.76 29.06 27.64 27.14 30.21 28.67 23.49 27.89 28.49 
39.14 40.92 30.26 36.07 36.13 34.83 31.16 30.67 30.32 30.48 28.87 27.49 24.87 24.47 28.44 24.24 26.87 26.26 

80.0 38.S4 39.74 34.44 33.34 34.31 33.14 29.48 2S.14 28.90 29.08 27.64 29.43 26.44 26.48 26.47 26.10 24.74 24.16 

46.0 36.09 38.84 32.87 31.81 32.79 31.48 28.37 27.84 27.46 27.82 29.34 26.30 24.66 24.41 24.41 24.06 23.72 23.17 

28 33.41 30.68 36.18 31.32 31.46 29.03 30.46 28.12 31.39 28.99 30.36 28.08 26.17 27.19 24.71 24.76 24.62 24.68 24.74 24.70 26.30 23.47 24.29 22.64 21.88 23.67 23.44 21.78 23.46 21.79 21.60 23.12 21.22 22.81 22.28 20.74 

1R8 18.19 24.38 29.89 28.04 27.03 26.36 24.19 24.67 27.00 26.33 26.19 24.40 23.60 22.08 23.11 21.73 22.97 21.40 23.14 21.74 21.94 20.46 21.08 19.86 20.47 19.28 20.39 19.21 20.41 19.23 20.16 18.99 19.89 18.74 19.46 18.34 

160.0 20.20 21.48 19.77 19.18 19.78 19.28 17.34 17.09 17.01 17.18 14.30 16.49 16.24 16.21 16.24 16.08 14.89 14.42 

Es.: %E 

14.79 18.30 14.73 14.21 14.41 14.33 14.48 14.41 14.46 14.42 13.84 13.44 13.19 12.91 12.98 12.79 12.92 12.44 

12.34 14.78 13.40 14.18 14.70 13.41 14.82 13.48 12.48 14.36 13.06 12.09 14.48 13.34 12.38 14.49 13.19 il.24 11.87 11.01 13.03 12.46 11.43 10.41 12.84 11.71 10.87 13.00 11.88 11.01 12.33 11.26 10.46 12.13 11.07 10.28 11.73 ‘“9.;: . 11.60 '"9.;: . 11.66 ‘“9.;: . 11.36 '"93; . 11.61 I;.;; . 11.12 '"9.:; . 

400.0 11.40 12.77 11.72 11.34 11.43 11.60 10.36 9.99 9.83 9.44 9.36 9.23 9.08 9.21 8.91 
460.0 to,99 12.11 11.12 10.77 11.04 10.s2 9.83 

'"9.;: ‘mu 
9.34 8.89 

ix 
8.78 8.44 8.76 a.47 

600.0 10.60 11.68 10.44 10.30 10.64 10.46 9.41 
%Z 

9:30 9.43 8.96 
x.:: 

. 8.61 8.37 8.41 8.28 8.39 8.12 

.11..*~.+.*.**.+*...~.****~.~*.***.***~..*.~*..*.*.***..***.~..*..*.*..***..******..*.*~~.***~*.**.**.****~*.*******..*...*~...**.*. 

E/A 60SS 62= 6G8). 6T" 69PS SH GO G7" m 71L" 7JTA 7SRE 771x 79'" 131PS 83*' 90m 92" 42 44 69 
*.l**....LU+I***++..*.****.~*.~*~~*.*..*.*****..****.****....**..*..**..*.....~..*.***.*.*.~*.*.****~..*.**~*~**.**~~.*..***.**.*.* 

3:t5 41.88 44.09 39.91 42.04 39.94 42.07 40.22 42.36 39.84 42.03 39.71 37.64 38.61 38.34 34.32 36.48 33.67 36.74 32.49 34.84 32.06 34.19 31.62 33.46 30.38 32.60 32.07 23.99 31.71 29.44 31.79 29.73 28.60 30.43 30.08 28.17 

FE 

4:6 

46.62 46.42 43.46 44.33 43.44 44.34 43.76 44.43 43.48 44.41 41.14 42.11 39.96 40.90 37.94 38.94 37.23 33.16 39.33 37.34 39.70 36.47 38.14 36.13 36.03 33.98 34.67 33.64 34.14 33.16 33.23 34.24 32.74 31.79 32.36 31.42 

49.96 44.47 44.87 46.17 44.99 42.71 41.62 39.80 38.94 38.06 37.40 36.47 36.76 36.29 34.84 34.94 33.40 33.01 

6.0 47.23 46.16 46.16 46.46 46.31 43.07 41.89 40.02 39.38 38.61 37.84 37.34 36.26 36.78 36.34 36.42 33.84 33.46 
6.6 47.31 46.24 46.24 46.64 46.46 43.26 42.08 40.24 39.46 38.79 38.14 37.43 39.64 38.10 36.46 36.73 34.13 33.73 

$:% . 48.91 47.16 47.13 46.23 46.11 44.91 46.23 46.10 44.91 46.63 46.41 46.21 46.46 46.34 46.18 43.29 43.23 43.10 42.10 41.38 42.14 40.37 40.31 40.38 39.78 39.80 39.76 38.94 38.93 38.98 38.32 38.30 38.36 37.79 37.84 37.84 30.83 36.84 39.76 39.29 38.38 38.39 36.83 36.91 36.92 36.91 36.99 38.00 34.30 34.37 34.38 33.98 33.90 33.97 

X2 46.32 46.40 44.37 43.70 44.34 43.70 44.44 43.99 44.06 44.48 42.67 42.11 41.04 41.69 40.00 39.66 39.48 39.07 38.70 38.32 38.10 37.73 37.84 37.29 39.37 36.48 36.90 38.26 36.77 36.47 36.84 36.66 34.23 33.94 33.83 33.66 

:x 
12:o 

44.81 44.02 0.87 42.21 4l.97 42.21 43.14 42.60 43.34 42.41 41.47 40.80 40.44 39.82 38.44 39.02 38.64 38.01 37.31 37.44 37.28 3S.77 34.46 36.34 36.97 36.61 36.13 36.67 36.08 34.44 36.14 34.71 33.67 33.16 33.19 32.77 
43.20 41.43 41.46 41.73 41.84 40.11 39.16 37.64 37.43 36.74 39.23 36.83 36.02 34.86 34.14 34.23 32.49 32.33 

16.0 40.82 39.18 39.20 39.47 3S.46 36.06 37.18 38.01 36.44 36.06 34.64 34.20 33.47 33.16 32.47 32.74 31.27 30.93 

it8 37.32 34.40 36.86 33.08 36.44 33.10 36.13 33.34 33.67 36.36 34.94 32.32 34.18 31.43 33.19 30.77 32.90 30.63 32.38 30.07 31.96 19.48 31.64 29.41 31.01 28.86 30.74 24.43 30.28 28.19 30.36 28.24 29.00 27.02 28.49 24.74 

%:8 31.94 29.91 30.73 28.77 30.78 28.82 31.01 29.03 31.16 29.28 30.10 28.22 18.48 27.44 28.72 28.97 28.61 24.78 28.10 24.41 27.74 24.08 27.60 26.89 27.00 26.40 24.81 26.24 26.40 24.86 24.44 24.90 26.31 23.83 26.06 23.69 

I : !  
rs:o 

28.16 26.63 26.30 27.08 16.62 24.36 27.14 16.44 14.41 27.34 26.87 24.69 27.69 26.12 24.84 28.41 26.21 23.38 26.08 14.72 23.62 26.49 24.14 22.98 26.29 23.99 22.84 24.94 23.47 22.66 24.44 23.39 22.28 24.44 23.20 22.11 22.81 24.02 21.74 23.88 22.49 21.43 22.33 23.60 21.29 22.38 23.64 21.34 21.43 22.66 20.44 21.22 22.33 20.24 
14.11 23.12 23.28 29.44 23.70 12.49 22.46 21.96 21.83 21.66 21.30 21.14 20.79 20.70 20.34 20.41 19.66 19.37 

80.0 23.04 22.22 22.24 22.46 22.89 21.92 11.61 21.04 20.92 200.88 20.42 20.27 19.94 19.86 19.63 19.68 18.74 18.69 

FG 21.14 2l.30 21.32 20.11 21.38 20.67 21.66 20.73 21.78 20.94 20.24 21.04 20.46 19.89 19.47 20.21 20.10 19.37 19.46 19.13 19.43 18.91 18.77 19.48 19.17 18.48 19.10 18.41 18.79 18.11 18.14 18.83 17.40 18.06 17.88 17.24 

1oo:o it: 
19.43 19.10 19.18 19.31 is.64 18.89 18.66 18.17 18.08 17.86 17.44 17.64 17.27 17.21 14.93 16.97 14.27 14.13 
18.60 17.64 lG.91 17.92 17.98 10.97 18.12 17.11 18.34 17.31 17.73 10.76 17.42 10.44 17.07 lb.14 14.3S 14.06 lb.73 16.68 14.41 16.71 16.0 14.49 16.26 16.37 14.19 16.32 16.93 16.07 16.97 16.11 16.32 14.60 14.37 16.18 

160.0 13.89 13.44 13.63 13.64 13.83 13.39 13.10 12.93 12.84 12.74 12.41 12.63 12.38 12.32 12.13 12.14 11.47 
%8 11.92 11.61 11.61 11.80 il.77 11.40 11.22 y; 

1og.g 1"o.E 1yg 1yg 1Og.t: 1"g.i; 1yg . 
'"9Sf '$a$ 1"B.g log.;; lOg.$ logs; . ‘“9.;; 1"9.4$ '"9.:; 2.:: 

2: 9:09 6:76 Ii66 0:00 8141 a:01 8:SS tt:: !pg . ;:Q$ . 4.14 a:77 ;:V& . 8.07 4:44 X:E 7.89 a:44 ;I;; . a:43 7.84 
8190 
7.42 8.17 

4.633 0.142 4.164 8.144 8.347 8.119 8.038 7.904 7.911 7.824 7.713 7.499 7.419 7.647 7.449 7.473 7.414 7.191 
4.117 7.841 7.741 7.789 7.804 7.718 7.860 7.616 7.632 7.460 7.344 7.332 7.268 7.108 7.494 7.119 7.041 4.463 
7.781 7.614 7.U3 7.497 7.6Gl 7.412 7.334 7.217 7.226 7.147 7.044 7.034 4.961 4.917 4.811 4.832 4.776 4.678 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

169 
RAIGE IS USITS OF KG/SQ QI I?l 101s 

43 

E/A BE le.3 AL 
4 SC 12 13 

l *.....**..+.*....***.*...*******.~ 

::: 4.010 6.670 4.440 6.760 8.116 8.986 9.004 8.080 

3.: 

4:s 

7.141 7.726 7.120 7.800 10.714 9.849 10.819 9.9LO 

8.324 8.484 11.690 11.734 

SI CA T I  CR m  III al GE SE SR zrt HO BB 
14 20 22 24 28 28 2s 32 34 38 40 42 46 4P 

~LL**.*+**++.****+..***.**********.*****..**.*..***.**....*****.***********.**********.*.**...*.** 
7.940 9.467 20.240 10.746 11.160 11.670 11.830 12.470 13.100 13.960 13.800 14.083 14.604 14.880 
8.844 10.473 11.416 ll.SSV 12.426 12.879 13.228 14.lSl 14.471 16.276 16.606 16.793 16.406 14.714 
9.740 11.470 12.667 13.206 13.6'33 14.163 14.684 16.408 16.132 16.846 i7.098 17.442 18.219 18.483 

10.43tl 12.447 13.711 14.401 14.800 16.409 16.926 17.031 IT.-4 18.386 18.463 19.068 19.990 20.208 
11.637 13.441 14.866 16.694 14.126 14.668 17.266 18.443 19.146 13.903 20.193 20.443 21.708 21.909 

?8 
4:0 

3.674 8.340 9.178 9.881 12.476 13.371 12.469 13.637 12.448 13.370 14.490 16.443 16.003 17.163 18.790 17.992 17.363 18.684 17.906 13.168 18.683 19.916 19.862 21.243 20.440 22.116 21.426 22.942 21.724 23.268 22.234 23.814 23.417 26.114 23.697 26.281 
10.226 10.698 14.281 14.647 14.304 14.488 18.324 19.206 13.828 20.418 2i.266 22.481 23.698 24.4S3 24.793 26.400 24.808 26.986 

4.6 10.898 11.327 16.200 16.613 16.262 17.619 13.6O4 20.429 21.081 21.487 22.604 24.108 26.086 26.391 28.336 26.9SO 28.601 28.464 
7.0 11.684 12.071 10.144 14.434 16.216 18.664 10.700 21.467 22.347 22.368 23.996 26.640 26.686 27.630 27.887 28.689 33.139 Jo.361 

1o:o 0.:: 

13.02 13.60 18.07 18.60 18.19 20.70 23.13 24.19 24.92 26.67 24.73 28.44 29.42 30.44 31.03 31.82 33.42 33.78 

14.62 lb.10 16.20 14.86 20.04 22.12 20.68 22.72 20.22 22.32 22.83 26.16 26.43 28.19 20.77 29.42 27.60 30.24 30.96 28.23 32.44 29.56 31.44 34.48 32.72 36.89 33.41 37.06 34.22 37.48 36.11 38.44 40.69 37.08 37.24 40.80 
11.0 IT.76 18.67 24.26 24.93 24.48 27.47 30.83 32.i3 33.03 33.74 36.40 37.40 33.12 40.36 40.81 41.87 44.16 44.40 
12.0 19.48 20.36 26.44 27.21 29.71 29.86 33.63 34.92 36.84 36.69 38.42 40.78 42.43 43.73 44.20 46.35 47.79 4B.08 

16.0 26.03 213.07 33.41 34.44 33.73 37.40 42.07 43.71 44.40 46.68 47.93 60.78 62.73 64.29 64.82 60.24 69.08 69.64 
2: 36.80 48.16 38.84 49.03 46.32 SO.79 47.87 82.88 61.48 44.44 OS.66 61.26 76.06 67.71 69.78 ?7.64 41.10 73.10 41.44 79.89 06.22 34.27 6a.91 88.87 71.67 92.20 73.38 94.31 74.00 96.00 76.86 97.30 101.31 79.30 102.82 80.14 

2: 42.04 77.48 42.74 Tl.73 74.74 94.14 79.43 97.46 77.68 96.10 101.88 63.66 114.82 94.04 118.00 94.97 120.03 98.77 120.73 VS.62 106.03 127.46 110.69 134.02 114.44 138.83 117.03 141.60 117.78 142.30 120.64 146.61 126.07 160.66 124.93 163.01 

40.0 94.34 39.16 112.94 116.89 114.00 ill.41 13'3.72 140.67 142.84 143.44 161.47 169.11 144.72 147.86 148.49 172.14 177.49 180.82 
46.0 lit.40 111.77 133.07 137.71 134.22 142.47 140.32 144.86 147.16 167.67 177.04 186.80 192.26 196.43 198.30 200.46 208.47 210.29 
60.0 132.21 130.44 164.43 169.87 166.74 166.01 186.36 130.16 192.91 193.31 204.12 214.06 221.39 224.80 226.70 230.33 236.82 241.40 
66.0 163.14 160.70 177.18 183.33 178.61 188.43 211.79 217.13 220.09 220.34 232.64 243.82 262.07 266.72 266.43 261.76 288.73 274.08 
60.0 176.34 171.93 201.10 2O8.06 202.60 213.66 233.69 246.46 248.66 248.73 282.44 276.07 284.28 286.16 289.04 294.68 X2.14 304.31 

86.0 134.6 194.3 226.2 234.0 227.7 239.6 248.7 276.1 278.6 278.6 294.0 307.8 318.0 322.0 323.0 329.1 337.0 344.0 
70.0 223.6 217.8 262.6 281.2 264.0 284.9 293.2 306.1 309.4 309.6 324.7 341.9 363.1 367.4 368.3 344.9 373.4 381.2 

tit: 274.6 334.0 247.9 322.3 304.6 384.9 319.0 yJl.3 310.1 370.8 324.9 387.2 343.8 433.4 442.4 371.3 374.0 447.2 376.3 446.9 394.2 470.7 414.2 491.7 427.6 607.6 432.2 612.6 433.1 613.3 440.8 622.0 460.2 632.4 469.9 644.1 
100.0 396.3 380.6 433.6 448.0 436.2 463.9 607.8 618.1 623.1 621.3 660.1 674.4 692.4 698.0 698.7 608.6 420.1 433.4 

160.0 764.6 727.3 816.0 841.6 816.9 846.9 943.9 981.2 968.6 982.6 1016.4 1068.1 1090.6 1097.2 1097.1 1112.7 1130.6 1164.3 
200.0 1228.8 1164.4 1282.8 1324.1 1286.7 1326.4 1477.1 1602.4 1611.0 1499.2 1681.3 1433.8 1484.1 1703.8 1702.3 1724.6 1739.4 1764.1 
260.0 1744.6 1447.2 1821.2 1880.1 1829.2 1876.6 2030.0 2130.6 2133.1 2114.1 2223.9 2292.7 2347.6 2399.6 2396.3 2429.0 2434.7 2604.2 
300.0 2348.4 2190.6 2420.6 2498.8 2433.9 2488.9 2770.9 2436.6 2823.6 2796.1 2V49.0 3023.6 3123.0 3170.0 3142.4 3209.3 3204.3 3300.7 
360.0 3024.2 2796.0 3373.0 3172.4 3092.0 3166.0 3611.0 3404.1 3673.6 3636.7 3729.4 5817.0 3943.2 4004.0 3934.8 4066.2 4038.9 4163.7 

400.0 3732. 3437. 3772. 3894. 3797. 3868. 4303. 4426. 4376. 4329. 4646. 4444. 4820. 4684. 4969. 4931. 6086. 
460.0 44ai. 4117. 4613. 4869. 4643. 4823. 6142. 6296. 6226. 6186. 6447. 6644. 6748. 

Eil. 
6824. 6914. 6873. 6069. 

600.0 6268. 4830. 6290. 6441. 6327. 6416. 8021. 8206. 6114. 8044. 6372. 6606. 4720. 6832: 4408. 4913. 6869. 7078. 

E/A Y  ll?. BA LA PR SH GD 50 M LtJ IA RE 
60 62 64 67 69 62 64 47 49 71 73 76 

.*.*~...*.Lt.*t.+*....******.*~.**.**...*..**.******..******.*.*~*~*****..***..~***..*~*..* 
2.6 16.62 14.20 17.43 17.62 14.48 19.41 19.97 20.49 21.12 21.63 21.94 22.41 

::i 17.68 19.47 20.24 18.24 21.62 19.64 19.94 21.62 20.64 22.61 21.69 23.48 22.22 24.38 23.07 26.34 23.66 26.84 24.03 24.40 24.61 24.92 26.00 27.44 
::: 21.30 23.11 22.14 24.06 23.44 26.34 23.73 26.61 24.43 26.32 26.71 27.70 26.44 28.61 27.64 29.69 Jo.29 24.10 30.93 28.69 31.64 29.24 32.14 29.83 

ix 
6:O 

;:t 

a.0 

10":: 
11.0 
12.0 

it: 
26:0 

2: 

40.0 
46.0 
60.0 
66.0 
40.0 

46.0 
70.0 

iE 
1oo:o 

376.6 
416.9 

EB 
tlv9:3 

376.1 373.4 371.8 384.3 394.4 406.6 408.8 
416.4 413.8 411.3 Qz7.2 434.3 448.1 461.4 
601.6 498.4 494.9 613.7 624.4 638.0 642.0 
632.7 688.4 684.3 408.1 418.4 634.0 638.6 
689.6 444.8 979.2 704.2 718.3 736.9 740.3 

416.0 420.6 424.6 432.4 436.8 
464.4 494.4 488.7 477.6 480.8 
649.9 666.9 661.9 672.2 676.9 
847.6 466.7 01.3 473.2 477.2 
761.1 760.4 766.7 780.2 784.6 

24.; g4.7” 

686:2 684:O 
848.1 886.8 
797.3 796.4 

160.0 
200.0 
260.0 
300.0 
360.0 

iaoa. 
1888. 

E? 
4362: 

1266. 

:;z. 
3676: 
4611. 

1230. 1274. 123a. 1324. 1334. 1360. 1366. 1377. 1399. 1406. 1428. 1424. 

3617: iE. 
1941. 1937. 2047. 2071. 2110. 2179. 
3s28. 2762. 27S8. 3082. 3743. 2843. 2894. 3404. 3864: %Ok. i%t: 3094. 

4443. 4671. 4440. 

g7;: g;;. 

. 4736. 4791. 4863. 4876. Ez: 

400.0 6314. 6607. 6638. 6607. 6432. 6687. 6442. 6744. 6776. 6942. 6017. 6062. 4149. 6130. 
460.0 6330. 4640. mol. 6646. 6476. 6666. 6740* 9870. z4: %F 7ot)a. 7164. 7312. 7290. 
600.0 7394. 7061. 7714. 7676. 7666. m2. 7449. 

z%* 
. 8017. 8107. 8217: 8246. 8343. 

2&Z: 
8628. 8602. 

24.91 
28.43 
28.48 
30.27 
32.07 

36.89 
39.37 
43.10 
44.91 
60.78 

42.84 
84.63 

108.14 
133.44 
160.99 

190.1 

E.8 
2a7:s 
323.4 

26.93 27.21 
29.08 
ii-ii: 
34:70 

37.20 
41.04 

E% 
62:94 

38.48 
42.32 
46.22 
60.19 
64.23 

66.63 ea.81 
88.10 89.34 

::z 
167:84 

%% 
168:78 

193.0 

%8 
3oo:3 
337.4 

g.i; 

48136 

g.g 

47108 
60.30 61.01 
64.31 66.01 

e&t33 4pg 

113:Sf 113:96 
133.87 14o.oS 
168.06 168.02 

198.1 137.8 
g2.i 

298:6 

g2.g 

29713 
336.4 333.7 

._ 
l ..***+****+** 

$233 gg 

2B:OS 28:67 
30.64 31.06 
32.92 33.47 

Et: 
E:iX 
37.49 

30.64 31.81 32.46 33.14 33.78 34.42 36.27 36.84 
32.66 33.91 34.68 36.33 34.00 50.47 37.63 38.20 
34.66 34.01 36.71 37.60 38.21 38.91 39.89 40.63 
36.64 34.10 34.43 39.47 40.42 41.14 42.13 42.86 
38.67 40.20 40.94 41.84 42.42 43.37 44.44 46.18 

l I****..**..***.C*.....*..* 

PB BI m  
a2 83 90 92" 

l **.*..+*t**.**+.*.,.~~.... 

23.82 24.02 26.73 26.28 
26.67 26.74 28.60 29.lv 
29.17 29.34 31.31 31.92 
31.44 31.84 33.93 34.67 
34.13 34.30 34.48 37.16 

41.43 42.42 44.40 46.22 48.19 47.04 47.86 49.09 49.83 60.70 60.83 63.79 64.67 
46.42 46.70 48.66 49.62 60.68 61.60 62.36 63.70 64.61 66.44 66.67 68.76 69.68 
49.48 60.86 62.96 63.84 66.01 66.01 64.92 68.37 69.23 60.23 80.36 83.76 84.76 
63.67 66.06 67.32 68.29 69.61 60.67 61.64 43.10 44.01 66.08 46.lB 68.82 49.87 
67.76 69.34 61.76 62.77 64.07 66.20 08.22 47.90 68.86 69.99 70.09 73.96 76.08 

iti:;; 
119.09 
146.20 
176.21 

200.1 210.9 217.6 219.8 223.6 224.7 229.2 234.0 236.2 
238.7 244.2 261.6 264.1 268.3 261.9 264.7 270.1 272.6 
273.1 279.2 287.6 290.2 294.9 298.9 302.0 308.1 310.7 
309.2 314.0 326.1 328.0 333.2 337.7 341.1 347.9 360.7 
344.3 364.6 384.6 367.4 373.3 378.3 381.9 383.4 392.4 

72.43 76.48 76.66 78.20 79.63 80.70 82.70 83.81 86.14 86.23 89.81 91.09 
96.36 99.34 101.34 103.30 104.97 106.40 108.96 110.29 112.04 112.06 117.88 119.47 

122.oa 124.40 128.02 130.40 132.44 134.12 137.22 138.79 140.38 140.93 148.08 160.00 
149.77 164.86 166.68 169.49 161.91 143.86 147.62 169.31 171.97 171.86 180.42 182.47 
179.38 186.23 187.28 130.64 133.34 196.66 lSV.BO 201.80 2Q4.98 204.79 214.84 217.46 

240.0 239.7 
274.9 274.6 
316.6 316.2 
gs.; gs.; 

38.99 39.70 
41.48 42.21 
43.96 44.71 
46.41 47.20 
48.86 49.49 

261.3 264.3 
289.8 293.1 
330.2 333.9 
372.4 374.6 
418.4 421.1 

462.6 487.6 
610.2 616.4 
610.7 617.0 
717.8 726.1 
331.3 439.6 

1487. 1601. 
2266. 2294. 
y&. pg. 

6130: 6261: 

423a. 8404. 
7407. 7eos. 
8(i29. 8848. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

174 
UJCTROIIC STOPPIIG PGYER II UNITS OF HEV/tNG/SO CM rs 101s 

TO 

WA Es 
gc 12 

IE AL SI cd l-f CA F6 II aJ GE SE SR zil no nil 
4 13 14 2G 22 24 26 28 29 32 34 36 40 42 46 4:" 

+.l.***+..+*+.+*,,+.**...***~...*..*.*.*****.~*..*.**.*...*~~~**...*.*.~..*~...*.*...~*~*.~*....*.**~~~*..**.*.**.*~.******..**.**** 

2: 164.1 122.0 93.8 162.3 126.3 ii:'0 ii:! E: 

P.E 149.2 126.3 
4:6 

146.6 126.S EX 1.5 
141.7 124.7 97:? %3:3 

2: 
s:o 

t:: 

8.: 
1o:o 
11.0 
12.0 

40.0 
46.0 

it: 
60.0 

66.0 
70.0 

it: 
1oo:o 

:%E 
26O:O 
300.0 
360.0 

400.0 
460.0 
600.0 

137.9 123.0 z?: 
%I13 

120.9 110.8 123.6 114.6 it:: it:: ii?: 

117.4 110.3 111.6 106.1 E-t 
8214 

Eli %:X 
g.; 102.2 

se:1 z:: Ri 

87.67 86.32 71.21 Wt.62 70.20 
74.96 76.04 62.9% 60.6% 62.28 
G6.87 66.69 66.72 64.71 66.20 
69.03 GO.26 61.78 49.98 61.38 
63.67 66.13 47.77 4G.14 47.47 

49.34 60.96 44.46 42.96 44.21 
46.76 47.46 41.64 40.26 41.46 
42.76 44.61 39.24 37.96 399.08 
40.19 41.97 37.16 36.94 37.02 
37.97 39.76 35.32 34.16 36.22 

Jo.02 37.62 33.70 32.62 33.61 
34.31 36.10 32.26 31.22 32.18 
31.41 33.18 29.78 28.64 29.73 
23.06 30.79 27.74 26.87 27.70 
27.10 28.80 26.02 26.21 26.00 

20.77 22.28 20.31 IS.70 20.32 
17.26 18.81 17.20 16.66 17.07 
16.20 16.63 16.23 14.76 16.09 
13.78 16.11 13.86 13.42 
12.73 13.99 12.84 12.44 

;;.;; 
. 

11.94 13.14 12.06 11.68 11.96 
II.31 12.46 Ii.44 11.08 11.36 
10.80 Il.92 10.94 10.60 10.86 

66.01 

E-E 
49:02 
46.41 

68.38 69.78 66.67 66.70 
62.28 60.97 60.26 60.23 
47.60 46.39 46.80 46.66 
43.66 42.68 42.19 42.28 
40.48 39.63 39.20 39.32 

42.39 37.83 

ix:: 
31:91 
30.41 

37.08 36.69 36.83 34.86 
34.87 34.54 34.69 32.86 
32.97 32.68 32.84 31.10 
31.31 31.06 31.22 29.67 
29.86 29.61 29.7% 28.22 

32.47 
31.12 

%% 
26:24 

29.07 28.66 28.33 28.61 27.01 
27.88 27.38 27.18 27.36 26.93 
26.82 26.38 26.20 26.39 24.06 
24.11 23.71 23.66 23.74 22.61 
22.66 22.29 22.16 22.34 21.19 

19.61 17.81 
16.78 16.08 

:E 
12:68 

:t:: 
11:33 

17.66 17.47 
14.81 14.86 
13.01 13.20 
11.76 12.04 
10.91 11.18 

17.64 
16.02 
13.36 

::::t 

11.83 IO.66 10.27 10.62 10.66 
11.23 10.11 9.76 9.99 10.12 
10.76 9.68 9.36 9.67 9.70 

61.6 
GO.2 

iif*! 
66:s 

z:: 
43134 
39.99 
37.21 

16.74 

::2: 

:;.z 

10.11 
9.61 
9.20 

60.06 48.30 47.44 47.19 46.08 44.63 43.80 
46.26 43.76 43.08 42.91 41.98 40.83 40.02 
41.40 40.06 39.62 39.40 36.61 37.70 36.87 
38.24 37.02 36.69 30.60 36.81 36.06 34.26 
36.61 34.60 34.13 34.07 33.46 32.83 32.06 

33.38 32.36 32.06 32.00 31.48 30.91 30.17 
31.47 30.62 30.26 30.22 29.73 29.24 28.64 
29.82 28.92 28.69 28.07 28.22 27.78 27yl.11 
28.36 27.61 27.32 27.31 26.89 26.49 26.86 
27.07 26.27 26.10 26.09 26.71 26.34 24.74 

26.92 26.16 26.01 26.01 24.66 24.31 23.74 
24.89 24.16 24.03 24.03 23.69 23.37 22.83 
23.lI 22.44 22.33 22.34 22.04 21.76 21.27 
21.62 21.00 20.91 20.93 20.86 20.40 19.96 
20.36 19.78 19.70 19.73 19.48 19.24 18.83 

16.11 16.66 16.62 16.66 16.48 16.29 16.01 
14.02 13.66 13.27 13.32 13.14 13.27 12.80 
12.47 12.06 11.62 11.87 11.67 11.83 11.43 
11.36 11.01 10.80 10.84 
10.67 10.22 10.04 10.08 

'"923; 
. 

;y: 
. 

'"9:;; 

9.94 9.62 9.46 9.49 9.34 9.16 
9.44 9.14 8.98 9.03 x 8.72 
9.04 8.76 8.61 8.66 

x%J 
. s:ea 8.36 

I*.*.......***..****.~**~**..*.*.......***..*.*...~*.**.***~*..**...*..*.......*.*********....*.***.***...*************..*..**.****~ 
WA SI I-E 04 LA Ps SIl Go 80 RI UJ TA SE Ix AU PB BI lx 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 63 90 92" 
..*~*....*H*.***,...***...**..*~.**.**.*.****.**.**.*.*.*~*..*~*..*.*..*...**.***...*******.*..*.*****.~~*****~*.**************~*.* 

2.6 42.36 40.37 40.3% 40.67 40.28 37.9s 39.77 34.71 33.96 33.06 32.41 31.87 30.72 30.32 29.99 30.06 28.82 28.48 

2: 
44.63 42.67 42.6% 42.88 42.66 40.19 36.98 36.92 38.18 36.26 34.60 34.06 32.89 32.46 32.09 32.17 30.80 30.44 
46.11 44.01 44.02 44.31 44.04 41.6% 40.46 38.43 37.71 36.60 M.13 36.68 34.42 33.97 33.67 33.66 32.20 31.82 

4.0 47.06 44.94 44.94 46.24 46.01 42.68 41.46 39.46 38.77 37.86 37.IS 3G.64 36.60 36.04 34.62 34.70 33.18 32.79 
4.6 47.G2 46.60 46.60 46.60 46.62 43.31 42.10 40.16 39.48 38.68 37.92 37.38 36.26 36.78 36.36 36.43 33.86 33.48 

8:: 
10.0 
11.0 
12.0 

28 

EC8 
6o:o 

66.0 
70.0 

Ex 
100: 0 

160.0 
200.0 
260.0 
Iwo.0 
360.0 

E-: 
600:0 

47.92 
48.03 
46.01 

:;:t; 

47.09 
46.38 
46.61 

~:X~ 

46.61 46.81 46.11 46.97 43.70 
46.94 46.93 4G.24 44.13 43.89 
46.93 46.92 4G.23 4%.16 43.96 
46.82 46.81 46.12 46.06 43.91 
46.63 46.62 46.93 46.90 43.78 

46.10 
44.44 
43.72 
42.96 
42.19 

41.60 

zx 
32:SS 
CM.67 

46.10 46.40 

Z# 
42:96 

2:: 
43126 

42.20 42.49 

46.42 43.37 
44.79 42.82 

z*:: 
42:61 

t:-:t 
4O:s3 

39.96 

5x: 
31:46 
2%.46 

40.23 40.40 36.77 
36.66 37.08 36.G4 
34.04 34.28 32.99 
31.68 31.92 30.76 
29.66 29.93 28.66 

27.76 
26.28 

:5.x: 
22:ez 

28.21 

n.2 
g:;; 

27.21 

:5*:4 
23143 
22.44 

22.68 21.84 
21.82 21.02 
20.33 19.68 

::::': :;:XE 

14.36 
12.26 
10.94 

%: 

13.84 

:;-:i 
9:00 
8.99 

8.776 

X:&E 

21.90 22.07 22.31 21.66 
21.08 21.24 21.48 20.76 
19.64 19.80 20.02 19.36 
18.44 16.66 16.60 16.16 
17.41 17.66 17.76 17.16 

13.89 14.01 14.20 13.74 
11.82 11.92 il.09 Ii.71 
1"g.:; 1;:; tog.;; 1og.g 

a:90 6193 e:oa a:66 

6.366 8.416 8.643 8.360 
7.964 6.011 8.132 7.949 
7.666 7.662 7.798 7.624 

42.4s 

37.88 
34.86 

ii*:: 
28127 

X8 
24:07 
22.9% 
22.02 

zA*:s 
I%:01 

XX 

13.61 
11.62 
10.28 

9.41 
a.77 

t*z 
71647 

39.96 
40.23 
40.38 
40.42 
40.38 

39.06 

%E 
39: 68 
39.66 

39.34 
36.96 

s% 
37142 

36.33 36.71 36.21 

26.86 

:4*:lt 
22:36 
21.42 

EZ 
18:63 
17.42 
16.48 

13.22 13.09 12.96 

::::t 
7.432 

8.047 7.932 
7.663 7.666 
7.362 7.260 

36.86 

37.28 
33.98 

~~~: 
36:64 

30.84 3G.36 36.43 
36.66 39.07 36.14 
36.18 36.69 36.76 
36.76 36.26 36.32 
36.27 34.78 34.86 

34.86 

%X 
28109 
26.43 

24.66 24.42 24.03 24.09 
23.21 22.84 22.69 
22.14 21.78 21.84 
21.19 20.84 20.90 
20.33 20.00 20.06 

1s.w 
19.23 
17.98 
16.91 
IO.00 

19.66 
18.66 

:I% 
16:71 

:~% 
9171 
8.91 
8.30 

36.93 

ii*:: 
3%:55 
3G.66 

ix: 
34:16 

i-E 

7.626 
7.263 
6.969 

33.93 
34.23 
34.41 
34.60 
34.61 

34.38 
34.11 

x: 
32:S0 

31.61 
29.27 
27.2% 
26.69 
24.11 

ZE 
31141 
29.34 
27.66 

::*w 
23:62 
22.48 
21.64 

13.28 

:z: 
20171 
19.83 
19.03 

18.32 
if.G7 

:x 
14174 

19.29 

:s*z 
is:36 
16.60 

il.48 
10.69 

9.62 

X3 

:;.s: 
%:I6 
8.39 
7.83 

;:si 
7.028 

7.396 

X:E 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 
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IUIGE 11 IJIITS OF HG/SQ Ql YB IOYS 

70 

WA SR 
ac 12 

I42 AL SI CA n 
4 13 14 20 22 

**.t*.**...*..**+**+**.**.*..*****..*.*..*...~.*.*...**. 

2: 0.110 8.877 8.642 6.840 8.263 9.137 8.230 9.168 8.060 8.998 10.866 9.827 10.410 11.604 

3.: 
4:s 

7.264 7.846 7.233 7.922 10.014 10.893 10.078 11.000 10.817 9.907 11.848 12.874 12.775 13.838 
8.461 8.818 11.779 11.928 11.731 13.882 16.098 

CR 
24 

~+****.. 
10,944 

::%E 
141839 
16.849 

FE II al GE SE SR In no 
28 28 29 32 34 36 40 42 

~*..*~******.***.******~**.*.****** .**...* ***.***t.****., 
11.340 11.770 12.030 12.860 13.310 13.871 14.090 
12.838 

14.320 
13.101 13.451 14.397 14.908 16.624 15.784 14.040 

13.901 14.398 14.832 16.887 18.464 17,120 17.380 17.738 
16.160 15.871 18.191 17.312 17.971 18.884 18.S83 19.376 
18.394 18.939 17.641 18.746 19.473 20.231 20.628 20.993 

RR 
46 4$ 

I.**+ . . . . . . . . * 
14.749 16.130 
14.863 18.998 
18.627 18.794 
20.316 20.647 
22.071 22.274 

6.0 9.073 9.318 12.876 12.886 12.864 14.886 18.280 17.081 17.838 18.206 18.888 20.176 
10.371 9.713 

20.989 21.771 
i:: 10.768 10.031 13.683 14.505 13.687 14.634 

22.082 
13.816 14.778 16.718 18.760 17.433 18.815 

22.801 23.806 23.988 
18 19:60.9 281 lo:148 18 889 20'751 19 474 21'597 2G 239 23 21.808 043 22 486 

23‘946 
23 309 

11.047 
24'851 

23.836 24.208 26.627 26.696 

8.6 11.494 16.441 16.766 16.493 
26 192 26.812 27 244 

17.796 19.810 20.760 21.417 221037 22:S84 241489 26:476 
7.0 11.742 

28:400 28:766 
27.404 

27.424 
12.248 18.392 18.748 18.488 

28:Wl 29.118 
18.863 21.019 22.003 22.899 23.334 24.343 26.948 X.996 27.968 28.328 29.046 30.881 50.838 

1o:o 2 
13.19 13.79 18.34 18.78 18.48 21.01 23.48 24.66 25.31 26.97 27.14 28.90 
14.70 18.30 

30.07 31.11 31.61 
16.40 17.07 20.36 22.43 

32.32 
20.88 23.06 20.62 22.84 23.23 26.61 28.01 28.80 27.17 29.84 27.97 30.70 

34.14 34.31 
28.88 30.00 31.91 33.21 34.32 34.74 36.66 37.86 37.83 
31.41 32.92 

11.0 17.98 24.68 
34.99 38.41 37.80 38.04 

18.81 26.28 24.82 31.27 
39.03 41.20 

27.84 
41.41 

32.59 33.60 34.23 36.91 
12.0 19.70 20.40 24.79 

38.14 39.48 40.94 
27.68 27.08 

41.40 
30.27 

42.49 44.81 45.06 
34.00 35.41 38.37 37.11 38.97 41.38 43.02 44.36 44.84 44.01 48.48 48.77 

16.0 26.34 28.37 33.83 34.90 34.22 37.89 42.42 44.29 46.40 48.18 48.67 61.46 
20.0 30.11 37.21 48.86 

63.49 
48.42 47.41 

56.02 66.67 
68.40 

67.01 69.89 
61.84 

60.38 
50.48 41.84 82.85 88.02 69.78 72.46 

26.0 48.53 49.64 81.43 
74.29 74.92 

63.66 42.14 
74.81 80.31 

87.39 76.88 78.40 
81.16 

60.00 60.60 86.23 89.88 93.26 
ii:8 82.60 77.98 63.28 78.40 77.60 96.02 78.36 96.98 

96.40 98.11 
80.21 98.34 

98.44 102.61 
102.88 84.41 116.72 96.01 97.98 

103.83 
99.81 100.68 104.16 111.77 116.87 118.30 119.07 121.86 124.45 

119.16 121.22 
128.33 

121.94 128.72 136.37 140.23 142.94 143.74 147.01 152.12 164.81 

40.0 94.91 94.83 113.91 117.90 114.99 122.71 137.97 141.87 144.18 144.82 152.90 46.0 113.24 160.82 166.29 112.64 134.16 189.24 170.12 179.46 138.84 135.33 143.90 181.70 173.86 148.43 178.82 182.60 104.09 
189.17 187.48 

50.0 132.92 
193.99 

131.48 166.48 
197.22 198.11 202.32 

181.11 168.96 144.39 186.88 
2G8.40 212.27 

191.78 194.64 194.96 205.84 56.0 153.92 216.89 151.42 178.48 179.84 223.29 224.78 227.88 184.48 213.46 232.37 190.16 218.85 238.94 243.55 221.88 222.13 
234.66 40.0 174.20 172.93 246.82 254.15 x)2.61 209.52 203.94 267.86 268.79 216.16 241.39 283.97 271.03 247.32 260.64 260.87 276.42 284.88 

277.23 284.62 290.46 291.39 297.07 304.82 310.83 

66.0 199.7 196.4 227.7 236.6 229.2 241.4 270.7 277.1 280.6 260.6 296.2 310.1 320.4 
70.0 224.5 218.9 264.1 282.9 266.7 

324.6 326.6 
268.7 

339.7 
301.2 

331.6 346.7 
308.2 312.0 311.7 329.1 

loo:o 2: 

277.4 344.3 366.7 249.3 310.3 360.0 341.0 320.9 312.0 328.9 386.2 367.7 376.2 374.3 378.6 384.1 
377.8 398.8 

336.2 397.3 370.9 436.7 

417.0 430.5 

323.8 382.2 372.7 437.4 

436.2 

383.6 450.4 456.4 389.6 

434.1 443.9 463.4 

436.0 610.6 446.3 521.1 460.0 626.2 448.7 473.6 

463.2 

494.9 610.7 616.8 614.6 626.6 636.1 624.3 663.4 677.8 696.1 801.6 802.3 412.2 824.0 i:::; 

160.0 748.4 729.8 818.3 844.9 820.2 849.8 948.0 966.4 972.8 936.9 1020.0 
200.0 1230.9 

1043.0 1096.6 
1167.6 1287.0 

1102.3 1102.3 
1328.5 1290.0 1333.8 

1118.0 1138.0 1159.8 
1482.3 1608.1 1616.5 1604.7 1687.2 

1769.9 
1639.9 

260.0 
1692.6 1710.3 1708.9 

1451.2 1826.3 1886.3 1834.3 
1731.2 1746.5 

1882.1 2096.4 2137.0 2139.7 
1791.1 

2120.7 2236.9 300.0 2372.4 2201.2 2424.4 2302.2 2376.1 2407.3 2604.9 2439.9 2403.1 2437.0 2496.4 2778.2 2442.9 2843.1 2831.1 2612.6 
1967.1 350.0 3030.8 

2803.7 
2802.9 x)79.4 3179.3 3098.7 x)32.0 3131.7 3179.0 3171.6 3218.5 3213.7 3182.2 3519.2 3812.6 3310.3 

3582.0 3646.2 3738.8 3828.4 3963.0 4016.0 4004.9 4066.6 4049.3 4174.6 

400.0 3737. 3443. 3780. 3902. 
460.0 44;:: 4621. 

ii:: 
: 

3876. 4312. 4436. 
E 

4338. 4676. 4676. 4831. 
4123. 4387. 4832. 5161. 6306. 6126: 6177. 6468. 600.0 6676. 6761. 4838. 6299. 6470. 28"::~ 884s: BIZ. 

4970. 4942. 6097. 
6336. 6926. 6886. 6424. 6031. 6071. 

6216. 6066. 6384. 6617. 6733. 
ea21: 

6927. 6873. 7092. 

. ..***a 
E/A 

l *****, 

2.6 

E 

::i 

~**...**+****~***.*+.~.********~*~.*.....*~ 
SI lx 6A LA PR tin 

60 52 68 67 69 62 
~**..************.***.****.*******.*******~ 

15.88 14.47 17.77 18.11 18.77 19.72 
17.B8 18.68 19.88 20.19 20.87 21.94 
19.79 20.67 21.87 22.18 22.88 24.07 
21.68 22.53 23.83 24.12 24.83 25.13 
23.60 24.46 26.76 28.03 24.76 28.16 

..**.**...*~*..*1.*1*..~*.....*.*..**...***~*.***, 

CD HO I?4 LU TA RE IR 
44 67 69 71 73 76 7-f 

*.1*.**....*~.*11.*......***.......*.~.**.......*. 
20.29 21.02 21.46 21.88 22.32 22.75 23.24 23.68 
22.68 23.46 23.94 24.43 24.91 26.42 25.97 26.43 
24.77 26.76 24.29 26.84 27.37 27.91 28.66 29.04 
26.89 27.99 28.64 29.17 29.74 30.32 31.04 31.66 
28.98 30.17 30.79 31.44 32.06 32.67 33.44 34.02 

a2-- .33-- 90~" 
'*****.*..*.****1**.1 
24.21 24.41 26.16 
27.01 27.20 29.06 
29.66 29.84 31.82 
32.20 32.39 34.48 
34.49 34.86 37.07 

92" 
I . . . . ,  

28.70 
29.66 
32.44 
36.13 
37.76 

6.0 25.32 26.36 27.86 27.92 28.66 30.16 31.03 32.33 32.98 
i:: 27.13 28.94 

33.48 34.33 
30.14 28.26 29.66 31.44 

34.98 36.86 
29.81 31.69 30.64 32.42 

36.43 37.13 
32.13 34.11 36.11 33.07 34.48 35.14 36.90 36.69 37.27 38.20 38.82 39.66 37.30 39.71 39.62 42.15 40.34 42.89 

36.69 37.30 
E 30.76 32.68 

36.11 38.83 
32.04 33.94 33.34 35.24 

39.54 40.64 
36.48 33.67 38.20 34.31 

41.18 41.96 
34.10 37.14 38.71 39.48 40.30 41.07 41.80 42.87 43.64 44.33 42.10 44.49 47.16 44.66 
36.08 39.18 

46.42 47.96 
40.83 41.61 42.60 43.30 44.07 46.19 46.89 46.72 48.87 49.64 60.47 

8.0 38.26 37.78 39.08 3S.27 40.01 42.07 43.28 46.09 9.0 39.97 45.93 44.91 47.78 41.88 42.94 43.13 43.87 48.60 49.86 48.11 47.42 60.81 61.49 61.63 64.63 56.62 
10.0 43.76 49.40 50.29 61.36 52.23 45.81 48.91 47.78 63.17 47.06 64.63 66.36 56.30 69.66 50.20 61.41 58.43 60.60 

63.76 64.89 11.0 47.60 66.86 68.86 50.93 67.78 49.82 69.26 61.04 61.76 80.13 61.16 61.27 64.72 
54.38 56.87 

66.72 
68.16 69.16 12.0 61.52 80.40 61.48 63.71 66.01 44.05 66.10 66.81 62.48 44.97 44.06 68.68 80.20 68.16 69.54 

63.49 
70.91 

62.46 45.01 88.16 67.19 4S.89 49.87 71.02 71.12 76.04 76.18 

16.0 83.72 86.43 47.73 47.73 88.39 71.70 73.84 ii:8 109.42 85.40 76.63 77.72 114.00 89.22 116.26 So.60 79.29 80.64 114.92 90.34 116.31 90.89 81.83 63.86 96.12 97.69 101 23 102.66 104 84 108.34 107 78 110 37 

120.62 127'93 

113 86.36 61 

123.64 138'89 

111 84.99 73 

129 67 131'98 

113.52 88.43 119.42 91.07 121.03 92.37 

30.0 135.13 140.74 134 06 141.94 141.44 141.83 147.86 
161.46 

149.90 

36.0 142.48 

166:Ol 168:47 

189.39 170.68 

161:32 163:78 

189.83 189.80 177.07 

136'76 166:73 169:44 140'49 171:24 142'70 173:95 

181.29 187.22 

142 173184 46 

182.60 

184.78 161 a4 

189.29 192.69 196.43 197.47 201.97 204.00 207.22 207.03 217.19 219:83 

CC: 223.1 192.0 232.2 199.9 201.0 233.2 200.1 232.0 199.8 231.6 x)8.1 213.0 219.7 222.0 226.8 229.0 231.6 238.4 
241.0 244.6 

238.7 242.4 
254.0 264.8 

242.2 263.9 266.9 

8o:o i&i 

265.9 287.2 260.8 288.2 284.6 246.8 284.9 287.3 272.8 
276.8 281.8 

276.2 279.6 279.2 292.6 290.0 

'290.3 328.3 
290.2 232.9 

302.0 339.4 302.9 340.2 
297.4 301.7 

301.2 338.2 334.6 299.9 
304.8 311.0 

311.9 318.8 
313.8 318.8 

328.0 331.0 
318.2 333.3 337.1 

338.2 340.8 
349.8 367.6 

344.2 361.0 
387.4 370.7 

363.8 359.6 368.9 376.8 360.0 
374.6 331.6 385.2 392.7 396.7 402.1 401.4 420.2 424.8 

66.0 383.9 378.4 379.1 374.8 374.8 70.0 389.4 397.8 403.0 408.8 412.2 418.1 419.8 418.4 424.0 417.0 414.6 428.0 436.2 
430.6 439.7 

439.4 446.4 
60.0 486.7 604.9 461.4 466.2 

446.7 488.4 471.4 
5o6.2 482.0 488.1 601.9 498.6 

617.4 628.2 
472.4 481.3 484.7 492.6 

GE 448.0 674.1 8S4.2 6S8.7 
542.0 648.0 

491.6 614.3 
664.0 641.0 

51g.8 

6S8.7 893.8 692.7 588.2 810.2 422.7 838.4 442.9 652.0 
489.1 883.6 

880.2 
708.7 722.9 

666.9 5W.l 477.9 578.5 680.2 081.9 693.0 549.5 
740.7 746.7 768.0 

491 588.4 6 722.9 615.3 
786.3 

821.7 730 3 
Tr1.8 785.3 789.7 802.5 600:s 834.8 84512 

160.0 1214. 1281. 1268. 1249. 1238. 200.0 1874. 1280. 1304. 1946. 1436. 
260.0 2828. 2728. 2006. 

1432. 1494. 
2046. 

1608. 
2194. 2188. 2246. 2303. 

%:8 3481. 4383. 3588. 4623. 3599: 4643. 3207. 4616. 
4466. 4688. ii%: 

3&X;. 
5059: 

3066. 4011. 4103. 3140. 

5044. 6144. 
m;l: 

400.0 6327. 6520. 5661. 5520. 5446. 450.0 Et2 E: g':;. 6651. 4681. pm&. 6780. 5789. 5866. 6933. 

EE: 

6967. 
e870. 8886. 

8087. 6144. 

500.0 7890. 6964. 7068. 7084. . 7788. 7886: ii%;: 

E;;. ;$M;. ;4'%2. E4:: 

8033. 8124. 8234. 8262. 6.340: 72::. . y;. . 8620: 884s: 8887. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

WA BE 
6" 12 

n2 AL SI CA n CR FE II OJ GE SE SR 73. !I0 Ml 
4 13 14 20 22 24 26 28 29 32 34 36 40 42 46 4:G 

~.,~.....*..***,,..*.~..*.**.*~~~*..*..*~*****...***~**.*....~.*.*~~..*.....*.**~*.*....*..**~~.*****....~.**.***...***..*..*~..*.** 

166.6 123.4 lg:: 2:; Z:S El:: 56.9 53.8 62.0 61.3 49.3 44.1 
164.8 126.9 59.2 56.2 54.4 53.7 61.7 

El 

151.8 126.0 100.6 Et tt?;i 25 ::: 57.7 66.9 55.2 53.3 
Et 

148.2 127.8 100.1 68.6 66.1 49:s Z 
144.4 126.7 99.2 94:a 68:7 65:s 61.7 68.9 i?; 56.6 ii:: 50.6 61.3 

::i 
i:8 
4.6 

i:: 
6.0 

t:: 

2: 
to:0 
11.0 
12.0 

16.0 
20.0 
26.0 

2: 

40.0 
46.0 
50.0 
55.0 
60.0 

66.0 
70.0 

it:: 
100.0 

:KZ 
260.0 
300.0 
360.0 

400.0 
460.0 
600.0 

140.6 126.0 
i% 2: 

96.2 
z-z E 

72.7 70.8 6S.7 65.5 61.8 69.0 57.4 66.8 56.0 61.1 
136.7 123.1 70.4 69.4 65.2 61.6 68.9 57.4 66.0 61.4 8:: 
133.0 121.0 95.3 69.9 69.0 68.7 57.2 

"$4 
54.9 61.6 51.7 

129.6 118.9 93.8 
ii3 

;:.$ 
I$; ;;:; 

z:i 

69.3 
%7 

68.4 56.9 56.4 54.7 61.4 61.5 
126.1 118.7 92.3 69:s 9O:l S3:l 7217 70:2 68.6 

E:i 
gp 

. 60.4 57.9 56.5 66.0 54.4 51.3 61.3 

119.9 112.3 114.2 108.2 kx EC: 87.4 Es 71.0 Et&t 67.1 88.6 62.6 59.3 57.0 55.6 55.2 53.6 60.8 ::x z*: 65.6 61.3 56.1 55.9 54.2 52.7 50.2 2:x 
109.1 104.2 
104.6 100.6 2: T:.: as:7 z.3 ZE 

ZE 
59.9 54.7 

E2.E 
53.2 61.7 49.4 

100.3 97.1 
$:i 

. 75.9 
?:t 

7216 64.0 62:1 61:0 
62:l 58.6 2: 53.6 52:5 62.1 ~~~ 
60.7 57.3 54.4 52.4 51.4 51.1 

ii?: Z:P 
4712 

89.67 88.17 72.83 69.89 71.59 67.30 69.61 57.88 56.95 56.77 53.58 61.01 49.22 48.34 48.09 46.96 45.37 44.62 
76.73 76.72 64.31 61.97 63.58 KG.15 53.36 52.02 61.29 61.26 48.41 48.19 44.63 43.94 43.77 42.82 41.64 40.61 
87.47 68.23 57.96 65.90 57.42 54.57 48.61 41.37 46.77 46.82 44.25 42.27 40.89 40.34 40.22 39.41 38.48 37.64 
60.48 61.68 62.94 61.10 52.53 50.10 44.61 43.82 43.11 43.20 40.86 39.07 37.83 37.37 37.29 38.58 35.82 34.99 
65.01 56.46 48.87 47.19 46.55 46.43 41.39 40.51 40.08 40.20 38.04 36.40 35.26 34.89 34.82 34.20 33.55 32.76 

60.69 62.19 46.49 43.96 45.24 43.36 38.70 37.91 37.53 37.67 35.65 34.14 33.09 32.77 32.73 32.16 31.60 30.86 
46.93 48.64 42.63 41.21 42.43 40.76 36.40 35.68 35.34 36.60 33.61 32.20 31.22 30.96 30.92 30.41 29.91 29.19 
43.86 45.62 40.18 38.86 40.02 36.60 34.41 33.75 33.45 33.62 31.83 35.61 29.59 29.36 29.34 26.87 28.42 27.74 
41.23 43.03 38.06 36.81 37.92 36.53 32.68 32.06 31.79 31.97 30.28 29.03 28.17 27.96 27.95 27.52 27.11 26.47 
38.96 40.77 36.19 36.02 36.08 34.80 31.16 30.57 x).33 30.51 28.90 27.72 26.90 26.72 26.72 26.32 26.94 25.33 

36.97 38.79 34.54 33.42 34.44 33.26 29.78 29.26 29.02 29.21 27.67 26.65 25.77 25.61 25.61 25.24 24.89 24.31 
36.21 37.03 33.06 32.00 32.99 31.89 28.56 28.06 27.85 28.04 26.57 25.60 24.76 24.61 24.62 24.27 23.94 23.39 
32.25 34.04 30.54 29.57 30.48 29.52 26.46 26.01 25.83 26.02 24.66 23.69 23.00 22.88 22.90 22.59 22.29 21.79 
29.63 31.60 28.45 27.56 26.41 27.55 24.72 24.31 24.16 24.34 23.07 22.17 21.63 21.44 21.46 21.16 20.91 20.45 
27.63 29.56 26.69 25.87 26.67 26.89 23.24 22.86 22.73 22.91 21.73 20.86 20.28 20.21 20.23 19.98 19.73 19.31 

21.34 22.88 20.86 20.23 20.86 20.33 la.29 18.01 17.93 18.11 17.19 16.54 16.07 16.03 16.06 16.89 16.69 15.41 
17.74 19.33 17.67 17.11 17.54 17.24 15.49 15.21 16.26 16.43 14.63 13.92 13.62 13.68 13.49 13.63 13.15 
16.63 17.09 16.65 15.16 15.61 16.31 13.76 13.36 13.57 13.73 13.02 

;::A~ 
12.39 12.14 12.19 11.99 12.16 11.74 

14.17 16.53 14.24 13.80 14.12 13.94 12.65 12.07 12.38 12.53 11.88 11.69 11.31 11.10 11.14 10.96 11.11 10.74 
13.09 14.36 13.20 12.79 13.09 12.94 11.64 11.22 11.49 11.64 11.04 10.86 10.61 10.32 10.36 10.20 10.33 IO.00 

12.27 13.51 12.40 12.01 12.30 12.16 10.95 10.56 10.61 10.95 10.39 10.22 9.89 9.71 9.76 9.61 9.73 9.42 
;;:L; 12.81 12.26 11.77 11.26 11.40 10.90 11.68 11.17 11.66 11.06 '"9.;; . 10.04 9.62 10.27 9.84 10.41 9.97 9.88 9.46 9.30 9.71 9.40 9.00 9.24 8.86 9.28 8.90 9.14 8.76 9.26 8.87 8.69 8.96 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

176 
5ECTROIIC STOPPIIG WUER II WITS OF XEV/tllG/SQ CM) LU Ions 

71 

~.~.~1.*..*..**1*...*.*.***.****.....**~..*****...~*****.**......********.*..*.*.*..*.***..*....***.**.*....*.**...*.*..*..~***~*.** 
E/A SI TE BA LA PR SIT CD KO I?! LU TA RE IR AU PK BI lB 

60 62 56 67 69 62 64 67 69 71 73 75 77 79 82 93 90 92" 
~..***.~*.*...**...*...*.~***~*~*.~.**.***.*~*.**.**.~*.****~**.~..~*.***..*..*......*.***.***~**.*.....*..****~~**.****.**.*~*~..~* 

2.5 42.82 40.61 40.83 41.11 40.72 38.37 37.17 36.08 34.32 33.41 32.76 32.22 31.05 30.66 30.31 30.39 29.13 28.79 

:Gi 46.16 46.69 43.08 44.57 43.09 44.57 43.38 44.87 43.05 44.59 40.67 42.21 39.44 40.97 37.35 38.91 36.60 38.18 35.68 37.26 36.01 36.58 34.45 36.02 33.27 34.85 32.84 34.39 32.47 33.99 32.55 34.07 31.16 32.59 30.80 32.21 
4:o 47.67 45.53 45.53 45.83 46.60 43.24 42.00 39.98 39.27 38.36 37.67 37.12 35.96 35.49 36.07 36.16 33.61 33.21 
4.5 48.27 46.13 46.12 46.43 46.24 43.90 42.67 40.70 40.02 39.11 38.43 37.89 36.74 38.27 35.83 36.91 34.32 33.92 

2: 48.60 46.74 46.47 46.61 46.46 46.60 46.77 46.91 46.62 46.80 44.53 44.31 43.09 43.32 41.46 41.17 40.61 40.82 39.61 39.93 39.27 3-8.94 38.40 38.74 37.28 37.64 36.80 37.16 36.35 36.70 36.77 36.43 34.81 36.13 34.40 34.72 

7:o 8.: 

48.73 46.62 46.61 46.92 46.64 44.61 43.41 41.59 40.98 40.11 39.45 38.93 37.86 37.39 36.91 36.99 35.33 34.91 

46.61 48.41 46.52 44.36 46.51 46.34 46.82 46.64 46.77 46.62 44.58 44.46 43.40 43.31 41.63 41.58 
41.03 

40.18 40.17 
39.53 39.02 37.97 37.60 37.02 37.10 35.43 35.01 

41.01 39.63 39.03 36.00 37.54 37.05 37.13 35.45 36.04 

1o:o 2: 

47.85 45.83 45.83 46.13 46.16 44.07 42.95 41.31 40.77 39.97 39.34 33.87 37.88 37.43 35.93 37.01 35.34 34.93 

47.16 46.39 45.19 44.47 46.18 44.47 45.48 44.?6 45.54 44.66 43.53 42.91 42.45 41.86 40.88 40.37 
40.38 39.60 39.00 38.64 37.59 37.16 36.68 36.73 36.07 34.67 
39.89 39.15 38.56 38.12 37.21 36.79 36.29 38.36 34.72 34.32 

11.0 45.59 43.71 43.71 44.01 44.12 42.24 41.22 39.80 39.35 38.63 38.06 37.64 38.76 36.36 35.86 35.93 34.31 33.92 
12.0 44.77 42.94 42.95 43.24 43.37 41.56 40.67 39.20 38.77 36.08 37.53 37.12 36.27 36.89 35.39 35.46 33.86 33.48 

16.0 42.38 40.68 40.70 40.98 41.15 39.49 36.58 ST.37 37.00 36.37 35.66 35.49 34.73 34.40 33.90 33.97 32.44 32.09 

E 38.83 35.85 34.48 37.30 37.33 34.60 34.74 37.69 37.81 34.98 36.35 33.67 35.55 32.96 34.52 32.06 34.22 31.81 33.67 31.32 33.22 30.92 32.90 30.64 32.24 30.06 31.97 23.82 31.49 29.37 31.56 29.43 30.16 28.14 29.84 27.85 

E:Z 33.36 31.24 30.06 32.07 32.12 30.11 32.35 30.32 32.60 33.58 31.41 29.48 30.78 28.89 29.96 28.16 29.74 27.97 29.31 27.58 28.94 27.24 28.89 27.01 28.16 26.53 27.97 26.36 27.53 26.96 27.69 26.00 26.39 24.88 26.12 24.83 

E 
5o:o 

29.44 27.07 28.32 26.82 28.36 26.88 28.59 27.08 28.84 27.33 27.82 26.37 27.27 26.86 25.25 26.61 26.44 26.10 26.07 24.76 25.76 24.47 25.55 24.27 25.li 23.86 24.96 23.73 24.57 23.35 24.62 23.41 23.57 22.41 23.34 22.20 
26.49 26.60 25.58 25.75 26.01 26.11 24.62 24.06 23.92 23.60 23.32 23.14 22.76 22.65 22.28 22.34 21.39 21.19 

55.0 26.28 24.34 24.40 24.58 24.83 23.98 23.53 23.00 22.87 22.67 22.31 22.14 21.76 21.68 21.33 21.36 20.48 20.29 
80.0 24.20 23.30 23.36 23.54 23.79 12.98 22.55 22.06 21.93 21.66 21.40 21.24 20.90 20.81 20.47 20.52 19.66 19.46 

66.0 23.23 22.37 22.43 22.60 22.85 22.07 21.66 21.20 21.09 20.82 20.68 20.43 20.11 20.02 19.70 19.76 18.93 18.76 
70.0 22.35 21.53 21.59 21.76 22.00 21.26 20.87 20.43 20.32 20.07 19.84 19.70 19.39 19.31 19.00 19.06 18.26 18.09 
60.0 20.83 20.07 20.13 20.28 20.52 19.84 19.48 19.08 18.98 18.76 18.65 18.42 18.13 18.07 1'1.78 17.82 17.09 16.93 
90.0 19.66 18.84 18.90 19.06 19.27 18.64 18.31 17.94 l-i.86 17.66 17.46 17.33 17.07 17.01 16.74 16.78 16.09 15.96 

100.0 18.46 If.79 lT.85 17.99 18.21 17.61 17.31 16.97 16.89 16.70 16.61 16.40 16.16 16.11 16.85 15.69 15.24 15.11 

160.0 14.74 14.21 14.26 14.37 14.57 14.11 13.87 13.63 13.67 13.43 13.29 13.20 13.02 12.98 12.78 12.61 12.29 12.19 
200.0 12.58 12.15 12.14 12.24 12.42 12.03 11.83 11.64 11.60 11.48 11.36 11.29 10.47 
260.0 10.26 10.09 

19.;; ';.I& lo,.;: '"9-F; '"9.;; 
9.40 

EZ y; 9.57 1yJ~ 9:24 lag.;; 9:15 1og.g 9:1a g.g 9:31 log.6Yg 9: 10 Icy; 9:oi 1og.g a:88 mm': 8.86 9.41 8.V I;:;; 8.84 9.25 8.82 9:15 8.53 i.:; a:94 8.34 8197 a.37 a:90 8.30 9.06 8.63 

400.0 9.021 8.714 6.624 8.662 8.763 a.584 6.496 8.356 8.364 6.272 8.164 8.139 6.065 7.999 7.675 7.900 7.838 7.602 
460.0 8.584 8,292 8.209 8.236 8.361 8.173 8.090 7.957 7.965 7.879 7.768 7.753 7.675 7.622 7.604 7.526 7.467 7.246 
500.0 8.230 7.950 7.873 7.898 8.018 7.840 7.760 7.634 7.642 7.659 7.454 7.440 7.366 7.316 7.204 7.226 7.165 6.957 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

176 
FUDGE II U&ITS OF Ifc/SQ M LU Ions 

71 

E/A BE 
ec 12 

nc AL SI CA n CR ffi III aJ GE SE SR ZR Ho Rs 
4 13 14 20 22 24 26 28 29 32 34 36 40 42 46 4;” *...+..***+.t***l***..*.**..*.**...*.*********.***.****.*.******.*.**.****.*..***.*.*~*~*~.*......~.....~*********~****.***...***... 

::5 9.070 6.631 6.608 6.810 8.204 9.081 6.180 9.101 6.030 6.942 10.689 9.608 11.636 10.360 10.687 12.133 11.280 12.666 11.700 13.023 13.372 11.960 12.800 14.307 13.230 14.819 13.766 16.428 14.000 16.&&6 14.230 14.661 16.040 

2: 7.202 7.786 7.193 7.&?7 10.622 9.961 
16.9&O 

10.014 10.928 10.746 9.644 11.694 12.692 13.860 12.698 13.361 14.666 13.823 16.0+3 14.308 16.674 14.743 16.092 
16.684 

16.768 17.202 16.364 17.869 17.013 18.666 
16.898 

17.270 17.626 16.416 18.682 
16.840 

4.6 8.364 8.666 11.700 11.847 11.661 13.691 16.000 
19.262 29.192 

16.766 16.296 16.831 17.431 
20.422 

18.623 19.349 20.101 20.392 20.867 2l.933 22.136 

6.0 8.998 9.260 12.687 12.776 12.666 14.696 16.164 16.967 17.630 18.066 16.767 20.040 20.832 21.627 21.934 
i:: 10.278 9.628 10.882 9,966 13.486 14.398 13.716 14.668 14.426 13.469 16.608 16.630 16.486 17.316 

22.462 23.662 
18.164 19.381 20.016 18.769 19.344 20.608 

23.836 
2Q.106 21.460 22.683 21.459 23.802 22.316 23 24'679 162 23 26'017 474 24 042 

26'634 
26 360 

16.376 261214 X:666 271231 
27'Cdl 

26 629 

6.6 10.946 11.411 16.324 16.636 17.664 19.669 20.609 21.273 21.882 22.804 24.316 26.297 281762 
27.221 

7.0 11.630 12.164 16.264 16.616 16.339 18.711 2Q.886 21.849 22.642 23.188 
2&:91& 

24.168 26.767 26.601 27.767 28.122 28.836 30.466 30.621 

lo:o E 
13.06 13.68 18.19 18.63 16.31 20.86 23.30 24.37 26.12 26.77 28.94 26.68 29.86 30.88 31.27 32.08 
14.66 10.12 16.92 16.27 20.18 22.23 

33.89 34.06 
20.70 22.64 20.34 22.44 23.04 26.29 26.80 26.36 26.96 29.60 30.46 27.76 26.43 31.16 29.76 32.66 31.&& 34.71 32.96 36.11 34.06 37.29 34.47 37.73 36.37 37.36 37.64 

40.87 
11.0 17.78 18.63 24.36 26.06 24.60 

38.72 41.08 
27.61 30.99 32.32 33.22 33.94 36.60 37.82 39.36 40.69 41.06 42.13 44.44 44.69 

12.0 IS.47 20.40 26.64 27.32 26.62 29.99 33.69 36.10 36.08 38.79 38.63 41.00 42.66 43.96 44.46 46.61 48.07 46.38 

16.0 26.01 26.08 33.48 34.64 33.67 37.61 42.20 43.66 44.97 46.73 46.11 60.96 62.99 64.60 66.04 66.48 69.34 69.80 
CC: 36.60 47.80 48.87 34.76 43.31 60.66 47.66 82.76 46.68 61.37 66.68 61.29 74.96 67.76 77.49 69.83 61.16 79.07 61.96 79.87 66.31 84.24 69.02 88.86 71.68 92.19 73.61 74.14 76.01 79.48 80.33 

94.31 96.02 
61.62 78.48 77.32 

97.33 101.36 
30.0 62.38 79.16 83.33 93.81 93.76 

102.66 
98.68 99.34 104.84 110.40 114.46 116.87 117.63 120.40 

36.0 76.71 77.23 93.70 
124.96 126.81 

96.98 CM.66 101.49 114.19 117.69 119.64 120.36 127.06 133.62 138.43 14I.12 141.93 146.16 160.21 162.67 

4::: 111.29 93.32 110.74 93.36 112.27 132.16 116.21 136.79 113.36 133.34 141.84 121.01 136.07 169.40 163.74 139.94 142.22 166.26 166:&O I42 86 160.83 176.13 164 166.46 87 164 191'31 07 167 01 
194.61 

167 87 
196'39 

I71 66 
199'66 

177 10 160 21 

60.0 130.69 129.33 163.31 168.86 164.68 163.94 184.14 166.97 191.72 192.14 202.89 212:&O 22O:ll 223166 224146 
66.0 161.16 176.70 

22S:OS 
206'67 
236:60 

209'39 

149.09 181.81 177.06 187.28 210.24 216.66 218.67 218.86 
240:16 

231.09 242.21 260.43 264.10 266.03 280.16 
60.0 173.02 169.99 199.29 

2&7.13 272.46 
206.19 200.72 211.83 237.86 243.64 246.76 246.68 280.68 273.08 282.22 266.12 187.06 292.67 300.13 306.26 

;::: 220.4 196.1 216.1 192.0 224.0 249.9 231.8 266.6 226.6 261.6 237.6 284.4 266.4 296.4 303.4 272.8 307.0 276.3 276.2 306.8 323.9 291.6 346.3 339.0 316.6 360.1 319.6 320.6 326.6 334.6 341.6 
364.4 366.4 

Et: 272.4 328.8 
302.0 370.4 

317.9 264.6 306.1 384.6 316.6 376.8 Jo6.8 386.3 
376.2 

321.6 382.9 428.6 360.1 388.2 437.9 442.6 372.3 371.6 441.2 392.3 486.8 410.2 486.7 423.6 602.3 428.3 607.3 429.1 438.8 446.2 466.8 
608.2 616.9 627.3 638.8 

100.0 389.6 376.2 428.1 442.4 429.9 446.6 601.7 612.1 617.2 616.4 644.0 668.0 686.1 691.6 692.2 802.0 813.6 626.9 

160.0 763.1 716.6 802.9 829.0 804.8 833.6 930.6 947.7 364.3 949.2 1001.3 1043.6 1076.6 1082.3 1082.3 1097.8 1116.6 
200.0 1206.6 1261.8 

1138.9 
1134.6 1302.6 1264.9 1304.4 1463.8 1479.1 1487.6 1476.0 1666.8 1608.7 1660.3 1677n.e 1676.6 1698.4 

260.0 1733.0 1617.6 1789.7 1847.6 1797.7 
1713.6 1767.3 

1644.8 2064.9 2094.6 2097.6 2079.0 2192.9 2264.9 2328.6 2360.2 2366.2 
300.0 2322.4 2377.0 

2389.4 2396.3 
2166.8 2463.9 2390.3 2446.0 2722.1 2786.8 2774.2 2747.6 

2483.7 
2897.8 2971.3 3069.1 3116.6 3108.4 3164.3 3149.8 

360.0 2966.9 2742.0 3X6.1 3113.7 3034.9 3097.6 
3244.6 

3447.2 3638.8 3609.0 3473.0 B62.7 3748.7 3872.8 3934.6 3923.8 3983.2 3967.6 4090.2 

400.0 3867. 3371. 3701. 3821. 3726. 3790. 
460.0 4390. 4669. 4466. 
600.0 6160. 

i?::: Et: 
6366. 6223. 

64;: 

. . ..~*..*.**.**t.*.*...*.*.*...~.~...******.~**** 
E/A SE TE B). LA PR SH 

60 62 66 67 69 82 
.*..*.1*.**..~*..**.*.~**.....*.*.****..*..*..*** 

2.6 16.78 16.36 17.66 17.99 18.66 19.69 
3.0 17.77 18.46 19.74 20.06 20.74 21.80 
3.6 19.67 20.44 21.73 22.04 22.73 23.91 
4.0 21.62 22.38 23.67 23.96 24.67 26.98 
4.6 23.34 24.29 26.68 26.86 26.67 27.97 

2: 
6:0 
6.6 
7.0 

E 
10.0 
11.0 
12.0 

16.0 
20.0 
26.0 

2: 

40.0 
46.0 
60.0 
66.0 
60.0 

66.0 
70.0 

fit: 
1oo:o 

160.0 
200.0 
260.0 

it.?: 

26.16 26.18 27.47 27.74 26.46 29.96 30.83 32.11 32.76 33.47 34.11 34.76 36.62 38.20 3&.&S 
26.96 28.06 29.36 30.33 

37.06 39.36 
29.60 31.92 32.86 

40.07 
34.23 34.91 36.88 JB.36 37.02 37.96 

28.74 29.94 31.23 
38.66 39.28 

31.47 32.20 34.87 
39.44 41.86 42.61 

33.88 38.34 37.06 37.86 38.67 39.27 40.27 
30.64 

40.91 41.66 
31.81 33.10 33.34 34.07 

41.81 44.36 
36.84 38.89 39.18 

46.12 
38.44 40.03 40.79 41.62 42.67 

32.34 33.70 34.99 
43.24 44.02 

36.21 36.94 37.61 36.90 
44.18 48.82 47.62 

40.64 41.32 42.21 43.00 43.76 44.88 46.68 48.39 48.63 49.29 60.12 

36.98 37.49 38.79 38.98 39.71 41.76 42.96 44.77 46.60 48.67 47.44 48.26 49.49 60.24 
39.66 41.34 42.63 

61.12 61.26 
42.80 43.63 46.76 47.08 

64.23 66.12 
49.02 49.91 60.97 61.90 62.77 64.13 64.93 66.87 

43.40 46.24 46.63 rM.68 47.40 
66.00 69.20 

49.80 61.21 64.27 66.41 
80.16 

63.33 66.42 67.34 68.80 
47.21 

69.66 80.67 
49.21 60.60 60.62 61.34 

80.79 84.21 
63.91 66.42 67.69 68.68 69.91 

66.22 
60.96 61.98 83.64 

61.08 63.26 64.64 
64.46 66.62 66.63 69.28 

64.63 66.34 68.09 69.70 
70.36 

62.13 83.16 64.48 66.61 88.64 88.33 69.29 70.43 70.63 74.42 76.64 

83.13 66.81 67.10 67.10 67.76 71.06 72.97 76.84 77.02 f&.6& 79.92 81.10 83.12 
84.72 88.30 69.67 

84.23 86.69 86.66 SO.26 
89.42 80.97 94.16 S&.61 

91.66 
100.22 101.63 103.&O 106.28 106.72 109.27 

108.20 112.73 113.98 
110.63 112.36 

113.66 114.06 
112.39 118.24 119.84 

119.20 122.19 126.64 128.17 130.66 132.60 
133.62 139.07 

134.29 137.40 136.96 
140.28 139.77 139.96 

141.17 141.12 
146.12 149.70 164.79 166.64 169.46 

148.29 160.22 
161.88 163.83 167.60 

180.64 167.28 168.44 167.73 167.70 
169.29 

174.90 179.07 
171.96 171.84 180.42 

184.94 186.99 190.26 
162.66 

193.06 196.28 199.63 201.64 204.71 204.63 214.68 217.19 

169.6 197.3 198.4 197.6 197.2 206.6 210.3 216.9 219.2 222.9 226.1 
220.1 

228.6 233.6 
229.1 230.1 226.4 

236.7 239.4 260.7 
228.9 237.8 243.2 260.7 263.2 

239.1 263.7 
267.4 262.3 261.0 263.8 269.2 263.6 271.6 282.6 276.9 276.6 286.6 262.1 261.2 271.8 277.9 292.2 286.2 288.9 293.6 297.6 

300.7 306.8 
286.1 297.7 298.6 

309.4 
296.9 296.6 

314.3 326.8 
307.6 314.3 323.4 326.3 

313.9 332.6 
331.6 336.0 

321.6 
339.4 346.1 

334.4 336.2 
348.9 364.6 

333.3 331.7 
363.9 370.6 374.8 

344.8 362.3 382.3 566.4 371.1 376.1 379.7 387.1 390.1 396.3 396.7 414.2 418.8 

368.4 372.8 373.4 371.2 389.2 383.6 391.9 402.7 406.1 412.3 396.6 417.8 421.7 412.7 429.8 413.2 410.7 408.2 433.0 439.9 424.0 433.1 444.6 448.4 439.2 469.6 cM4.6 
466.1 461.1 478.0 406.4 474.1 498.9 497.2 494.1 490.7 477.6 619.9 637.6 486.2 484.3 606.7 612.1 609.3 633.6 
646.4 662.4 

6&4.& 687.0 687.0 
667.3 667.6 

683.2 678.8 
671.2 680.6 606.8 612.2 

800.4 612.7 628.2 632.7 
679.4 

641.6 649.7 
666.9 882.7 

666.3 667.1 
(182.4 677.8 672.2 

671.1 882.0 
697.0 711.1 728.6 733.6 743.6 

680.6 711.4 718.7 
762.8 769.2 772.6 T16.S 789.6 787.8 623.2 831.6 

1192. 1836. y3;. ye: ::::. ;;X4: 1267. 1281. 1387. 1410. 1468. 1482. 
2677. 2&73: 2&63: 

1932. 1406. 
2673. 2820. 2708. :;:3. 2163. 2148. 2223. 2261. 

3392. 3617. 3627. 
4276. 4432. 4462. 

g6;. 3468. 3667. 3821: 3079. 3146. 
. 4366. 4496. 4669. 3932. 4023. 4119. 

6042. 6170. 

400.0 
460.0 
600.0 

6218. 6408. 6438. 6407. 6334. 6487. 6660. 6883. 6871. 6736. E: 6438. 7616. m . 6813. 6909. %E: 8366. 7426. 6632. 7626. 6616. 7721. ?“i. . 6744. 78(KI. 
6836. 6944. 

6821. 6021. 6913. 6938. ;W2;. . 7086. 
7966. 

7178. 8039. 
8063. 6091. 8236. 8369. Ef, 6127. 7272. E:. . 8469. 8703: 

4223. 4344. 4296. 4249. 4480. 4680. 4732. 4610. 4796. 4841. 4993. 
6044. 6194. ii;:. 6069. 6346. 6469. 6641. 6734. 6716. 

y& 
6763. 6946. 

6906. &O&6. . 6928. 6260. 6383. 6692. 8702. 8878. 6782: 6730. 6944. 

*.*..**.L~t~*L.I**.t...*..*...**.*.***.*...*..*.....~~.*~.***.***.****.*.**..~**... 
GO KO RI LU TA RE Irt AU PK &I ni u 

64 67 69 71 73 76 7-l 79 82 83 90 32 ****...**.***.****.**...******...*.*..**.*..*.**.*..*.*~.~***...**~*.*.~*.......... 
20.16 20.89 21.32 21.76 22.18 22.64 23.09 23.61 24.06 24.26 26.98 26.63 
22.44 23.30 23.79 24.28 24.76 26.26 26.81 26.26 26.83 27.02 28.87 29.46 
24.61 26.69 26.13 26.67 27.20 27.74 28.38 28.86 29.46 29.66 31.62 32.24 
26.72 27.81 26.36 28.99 29.66 30.13 30.86 31.36 32.00 32.17 34.26 
28.79 

34.91 
29.98 30.69 31.24 31.86 32.46 33.26 33.80 34.46 34.63 36.83 37.61 
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WA 
l **...1 

: : I !  

;:i 

6.0 

6.6 

$:% 

fE 

1o:o 

11.0 

12.0 

16.0 

$2 

E:: 

%:Z 

EE 
8o:o 

%:8 

iii:: 
100.0 

six 
g6:g 

360:o 

%: 
soo:o 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

180 
ELECTlOEIC STOPPIIG POWER II UlITS OF XEV/tXG,‘SO CW IiF Ions 

72 

9s I(; AL SI 
4 ec 12 13 14 

~.....**..*.*....*****..**...******* 
169.0 124.7 100.2 96.3 
167.4 128.6 101.7 
164.4 129.6 102.0 
160.8 129.6 101.6 
147.0 126.6 100.7 

CA 11 cn FE II 
20 22 24 26 28 

.C..****.*..*,+..**..*...**.....*.*. 
85.6 
69.1 

cu 
29 

r......, 
61.3 

2: 

it: 

SR 7Jt If0 Rn 
38 40 42 46 

I..... .*.**..**+*.....*.**.. 
62.6 61.8 49.0 44.6 
66.0 64.3 62.3 47.3 

FZ 66.9 63.9 
68:o :t*: . i%z 

49.2 60.6 
61.3 

M 
07 

.&.+ 
it:: 
i?t 
62:0 

143.1 127.0 88.1 76.7 70.7 88.4 82.8 68.2 67.6 66.8 61.8 62.3 
139.3 126.1 

EC: 
. 

Ed 2: 

ii:: E 

25 x 

;;:z 5z 
8e.2 62.6 

Et 

$f k2.i 
67.6 66.8 62.1 62.4 

136.6 123.1 
132.1 120.9 

it: 

es:9 

E3 

89:s 

E% 

91:e 
Et 7417 

2; 66.9 82.2 67.6 66.7 62.2 62.4 

71:3 es:7 
eS:S 66.4 61.8 6717 67.2 66.6 62.2 62.3 

126.7 118.8 73.9 88.9 04.8 61.4 68:s 67.4 66.9 66.2 62.1 62.0 

122.3 114.4 

Uf.9 :I$.; 

ii:: 2.: Z-f 82.2 72.1 

8210 8318 ;:i 2.: . 

ii%: E: 80.3 67.9 68.1 61.8 61.4 

y;:; 'O&l . Ed 80:6 Z$i . 

66:l 

Z:? 2-s 

z2.i 41:e 

e1:o 69.1 67.8 

i?E 

66.1 64.1 

&x 

62:8 61.0 60.3 2: 

RX 79.1 81.4 7319 2:: 2: 69.8 68.3 29 

E:f 

63:4 Ei.t 62:3 63.0 62.0 61.8 60.7 49.6 48.7 it:: 

91.88 90.02 74.04 71.26 72.99 68.69 0.46 68.94 68.03 67.84 64.69 61.97 60.14 49.23 48.98 47.82 48.21 46.44 
78.61 78.41 46.44 e3.24 04.89 61.37 64.43 63.06 62.31 62.27 49.37 47.09 46.61 44.81 44.43 43.88 42.44 41.41 
(18.07 49.78 69.20 67.09 68.44 66.72 49.63 48.36 47.76 47.79 46.17 43.14 41.74 41.17 41.04 40.22 39.27 38.40 
41.96 63.11 64.11 62.22 63.48 61.19 46.67 44.66 44.04 44.12 41.73 39.90 38.43 38.17 38.07 37.36 36.67 36.73 
W.36 67.80 49.97 49.24 49.44 47.44 42.31 41.41 40.94 41.08 38.87 37.19 38.03 36.64 36.68 34.94 34.27 33.44 

61.84 63.46 4e.63 44.94 48.27 44.34 39.67 38.74 38.37 38.61 38.46 34.90 33.82 33.60 33.46 32.87 32.30 31.62 
48.11 49.62 43.63 42.17 43.41 41.69 37.23 36.49 JB.16 38.31 34.37 32.93 31.93 31.66 31.41 31.09 30.68 29.86 
44.97 4e.74 41.13 39.77 40.94 39.40 36.21 34.63 34.22 34.39 32.67 31.22 30.27 30.03 30.01 29.63 29.07 24.38 
42.26 44.10 38.97 37.49 38.82 37.40 33.46 32.82 32.64 32.71 Jo.98 29.71 28.82 28.41 28.40 28.14 27.74 27.08 
39.08 41.79 37.04 36.86 38.96 36.43 31.89 31.30 31.06 31.23 29.68 28.38 27.63 27.36 27.34 24.94 24.66 26.92 

37.92 3Q.74 36.38 34.24 36.28 34.07 30.60 29.96 29.72 29.90 28.33 27.19 24:38 26.22 24.22 26.84 26.48 24.88 
a.13 37.96 33.87 32.79 33.79 32.86 29.24 28.74 28.63 28.71 27.21 24.12 26.36 26.20 26.21 24.86 24.62 23.96 
33.09 34.Sl 31.30 30.31 31.24 30.26 27.12 24.46 24.47 24.94 26.27 24.27 23.64 23.44 23.46 23.14 22.44 22.32 
30.62 32.41 29.17 28.26 29.13 28.24 26.34 24.91 24.76 24.94 23.66 22.72 22.04 21.97 21.99 21.70 21.43 20.96 
28.67 30.33 27.37 24.62 27.36 24.66 23.83 23.44 23.30 23.49 22.27 21.41 20.79 20.71 20.73 20.48 20.22 19.79 

21.92 23.49 21.41 20.74 21.41 20.87 18.77 18.49 18.40 18.69 17.43 14.97 14.48 14.46 14.48 14.30 16.10 16.81 
18.23 19.86 18.14 17.67 18.01 17.70 16.91 16.42 16.44 16.84 16.02 14.78 14.29 13.99 14.04 13.86 
14.04 17.64 16.08 16.68 16.93 16.72 14.14 13.73 13.93 14.10 13.37 13.14 12.73 12.47 12.62 12.31 

;X;; ;;..5$ 

14.66 16.96 14.63 14.18 14.61 14.33 12.89 12.40 12.72 12.87 12.21 12.01 11.42 11.40 11.46 11.26 11.41 11:03 
13.48 14.78 13.67 13.14 13.46 13.29 11.98 Il.63 11.81 11.98 11.36 11.14 10.80 10.80 10.46 IO.48 10.62 IO.27 

12.42 13.88 12.74 12.34 12.44 12.60 11.26 10.86 11.11 11.24 9.98 10.03 9.87 10.00 9.48 
11.96 13.17 12.09 lI.71 12.00 11.87 10.49 10.32 10.64 10.70 mm; '"9:;; '"9.;: 9.49 9.64 9.39 9.61 9.21 
11.42 12.69 11.67 11.20 11.48 11.34 IO.23 9.89 10.11 10.26 9.73 9.64 9:26 9.10 9.14 9.00 9.12 8.43 

E-2 49.28 49.44 47.11 47.28 47.10 47.26 47.68 47.41 47.26 47.44 44.92 46.14 43.68 43.93 42.04 41.74 41.07 41.39 40.16 40.49 39.47 39.82 38.93 39.28 37.7s 38.17 37.31 37.88 36.84 37.21 36.92 37.29 36.42 36.28 34.87 36.20 

it: 
710 

49.44 49.34 47.30 47.22 47.29 47.20 47.60 47.62 47.62 47.44 46.26 46.24 44.04 44.04 42.20 42.24 41.67 41.44 40.49 40.77 40.02 40.12 39.60 39.60 38.40 38.63 37.92 38.06 37.44 37.64 37.62 37.84 36.83 36.96 36.42 36.63 
49.16 47.06 47.04 47.36 47.33 46.14 43.94 42.21 41.63 40.77 40.12 39.62 38.67 38.10 37.41 37.48 36.98 36.67 

to:0 i.: 

48.41 4e.66 46.66 4e.88 46.88 44.74 43.42 41.90 41.41 40.69 39.94 39.47 38.47 38.01 37.61 37.68 36.89 36.47 

47.93 47.17 46.92 46.21 46.92 46.21 46.61 rM.22 46.28 46.69 44.24 43.42 43.13 42.66 41.64 41.04 41.03 40.66 40.24 39.79 39.43 39.20 39.14 38.76 38.20 37.82 37.74 37.40 38.89 37.26 36.96 37.32 36.44 36.29 
36.23 
34.89 

11.0 46.37 44.46 44.44 44.74 44.87 42.96 41.92 40.47 40.02 39.28 38.70 38.27 37.38 36.97 36.44 38.63 34.88 34.49 
12.0 46.66 43.69 43.70 43.99 44.12 42.27 41.27 39.86 39.44 38.74 38.17 37.76 36.90 30.61 36.99 38.07 34.44 34.06 

16.0 43.16 41.42 41.44 41.72 41.90 40.21 39.29 38.06 37.47 37.03 36.61 58.14 36.34 36.02 34.61 34.68 33.03 32.44 

iE 39.68 36.68 38.02 36.16 36.19 38.06 38.32 36.44 38.64 36.69 37.06 34.36 3e.24 33.62 36.18 32.70 34.88 32.46 34.32 31.96 33.86 31.64 33.64 31.26 30.46 32.84 30.42 32.68 32.09 29.96 30.02 32.14 30.73 28.70 30.40 28.40 

$2 34.06 31.92 31.74 30.70 31.79 x).76 33.03 30.97 33.28 31.24 32.06 30.11 31.40 2S.60 30.68 28.77 30.34 28.67 29.92 28.le 29.64 27.82 27.68 29.28 28.74 27.09 28.66 24.92 28.10 24.60 28.14 24.64 24.94 26.41 24.44 26.14 

ZZ:: 39.08 28.49 27.42 28.94 29.00 27.48 29.21 27.68 29.47 27.94 28.43 26.98 27.84 26.44 27.19 26.82 27.01 26.44 28.64 26.31 24.32 26.01 26.10 24.81 26.66 24.39 26.60 24.24 26.10 23.87 26.14 23.93 22.91 24.08 ;;:S; 

60:0 E.8 

27~10 ld.08 18.14 2e.34 26.60 26.47 26.18 24.eO 24.44 24.14 23.86 23.47 23.27 23.14 22.78 22.84 21.87 21.64 

26.66 24.76 24.90 23.64 24.94 23.91 26.16 24.09 26.40 24.34 24.63 23.61 13.07 24.07 23.63 22.66 23.39 22.44 23.09 22.16 21.90 22.82 22.46 21.73 22.28 21.38 22.17 21.29 21.82 20.96 21.87 21.00 
20.96 
20.12 20.76 19.93 

%8 23.78 22.99 22.90 22.04 22.94 22.10 23.13 22.27 23.38 22.62 21.74 22.69 22.17 21.38 21.70 20.91 21.68 20.80 21.31 20.66 21.07 20.31 20.91 20.14 20.68 19.86 20.49 19.77 20.14 19.46 20.21 19.60 18.49 19.37 18.62 19.19 

iGO: Et: 
21.34 20.66 20.61 20.77 21.01 20.31 19.96 19.64 19.44 19.21 18.99 18.84 18.67 18.60 I8.20 18.26 17.60 17.34 
20.04 18.92 18.23 19.30 19.36 10.29 19.61 $8.44 19.76 18.44 19.10 18.06 16.74 17.73 If.30 18.38 18.2s 17.31 18.08 17.11 17.88 16.92 17.74 14.81 17.49 16.64 17.43 14.61 17.16 14.24 17.19 14.28 18.49 16.42 16.48 14.34 

160.0 16.12 14.68 14.63 14.76 14.96 14.47 14.23 I3.98 13.92 13.78 13.83 13.64 13.36 13.32 i3.11 13.14 12.41 

%.: %*8 

12.92 12.47 12.46 12.66 12.76 12.36 12.16 11.96 11.91 11.79 11.44 Il.69 11.44 11.41 11.23 11.24 11.11 %f: 

11.64 l"pS$ 11.14 1yg 11.02 1op.g '"8.:; II.11 11.28 log.:; 1$.g 10.96 lo,.tJa 9:24 '"9.;: 9:10 I# 9:11 IO.64 t:fZ '"9.X& 8188 I$.;: e:86 1"9.;$ 8177 '"9.:; 8: 71 10.00 t::!: IOg:;: 8.40 

9.97 9:46 

9.16 8.63 8.48 8.27 

400.0 9.271 8.964 8.861 8.691 9.026 4.821 8.732 8.687 4.694 8.600 8.379 8.343 8.277 8.120 8.092 8.118 8,064 7.811 
460.0 4.822 8.622 8.434 0.464 8.692 8.399 8.316 8.178 4.188 8.097 7.983 7.968 7.087 7.833 7.712 7.734 7.473 7.447 
600.0 6.469 8.171 8.092 8.118 6.241 8.066 7.974 7.8% 7.864 7.769 7.662 7.446 7.671 7.620 7.404 7.427 7.344 7.161 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RASGE II US'ITS OF ffi/SQ C2l 
180 

aF 109s 
72 

"* 88 oc IZK 13a 14s1 2oCA 22TI 24cR 2aw 2fss1 2gcu 32GE 34SE 3aSR *om 42no 46RH 47 4 
~***..*.*.*.,,*.*.*.*....***...*..*.*.**.***.*****.******...**.*.*..*.**.*.**~******.*****..**.**.*.***.***..**..*.*****~*.*.*.***~* 

2.6 8.180 6.910 8.343 8.320 8.170 9.729 10.620 11.082 11.480 11.890 12.180 13.010 13.460 14.016 14.230 14.469 14.893 16.280 
3.0 8.748 8.820 9.233 9.266 9.098 10.788 11.728 12.329 12.789 13.236 13.698 14.643 16.088 16.888 16.923 18.219 18.849 17.170 
:.: 

4:6 

7.328 7.916 7.318 9.009 10.116 10.999 10.182 11.108 10.011 10.926 12.800 11.797 12.908 14.076 14.788 13.688 16.303 14.044 14.641 16.828 IQ.989 18.368 18.028 17.483 18.828 18.164 19.874 17.297 17.664 19.149 17.911 19.684 18.711 20.618 20.761 18.983 

9.620 9.708 II.889 12.040 Il.844 13.814 16.242 18.006 18.664 17.101 17.718 18.926 19.888 20.431 20.724 21.193 22.283 22.490 

6.0 9.140 9.410 12.788 12.981 12.770 14.831 18.411 17.224 17.806 18.374 19.071 20.382 21.170 21.980 22.289 22.811 24.027 24.216 
6.6 9.778 10.124 13.898 13.932 13.708 16.867 17.688 18.449 19.081 19.849 20.428 21.800 22.874 23.628 23.861 24.424 26.769 26.932 
8.0 10.432 10.849 14.821 14.897 14.864 18.893 18.774 19.881 20.324 20.930 21.791 23.243 24.181 26.074 26.414 28.038 27.484 27.849 
8.6 11.106 II.687 16.667 16.878 16.816 17.940 19.972 20.924 21.697 22.220 23.182 24.894 26.896 28.829 28.983 27.868 29.208 29.388 
7.0 II.798 12.338 18.609 18.889 18.690 19.000 21.183 22.180 22.882 23.621 24.644 28.166 27.219 28.192 28.681 29.282 50.934 31.093 

8.0 13.23 13.88 18.48 18.90 18.68 21.10 23.86 24.73 26.49 28.18 27.36 29.11 30.30 31.36 31.76 32.68 34.40 34.67 
9.0 14.74 16.48 20.47 21.00 20.84 23.38 28.17 27.36 28.18 28.86 30.20 32.13 33.44 34.67 34.99 36.90 37.91 38.10 

10.0 18.32 17.16 22.64 23.18 22.78 26.88 28.77 30.02 30.89 31.80 33.13 36.21 38.84 37.84 38.28 39.28 41.47 41.89 
11.0 17.97 18.87 24.88 26.39 24.94 28.00 31.43 32.77 33.89 34.42 38.11 38.38 39.91 41.18 41.86 42.74 46.07 46.33 
12.0 19.89 20.88 28.89 27.88 27.18 30.40 34.16 36.68 38.66 37.30 39.17 41.67 43.26 44.69 46.08 48.28 48.74 49.04 

16.0 26.27 28.38 33.89 34.97 34.29 37.99 42.76 44.42 46.66 48.33 48.74 61.84 63.89 66.23 66.78 67.23 80.13 80.80 
20.0 36.92 37.13 48.83 48.40 47.40 61.89 68.44 80.64 81.91 82.72 88.10 89.88 72.68 74.42 76.06 78.96 80.47 81.32 
26.0 49.17 49.32 81.29 83.41 82.01 87.30 76.80 78.33 79.94 90.76 86.18 89.86 93.23 96.39 98.11 98.46 102.63 103.88 
30.0 81.98 82.90 77.21 79.91 78.07 84.18 94.78 97.74 99.69 100.37 106.94 Ill.68 116.87 118.12 118.89 121.89 128.30 128.18 
36.0 77.21 T1.82 94.64 97.88 96.62 102.46 116.28 118.71 120.80 121.63 128.30 134.94 139.81 142.64 143.37 148.82 161.73 164.22 

40.0 93.88 94.03 113.22 117.19 114.32 122.09 137.29 141.20 143.62 144.17 162.23 169.94 186.81 188.80 189.47 173.19 178.80 181.96 
46.0 111.92 111.49 133.20 137.88 134.41 143.03 180.76 186.14 187.70 188.28 177.87 188.61 193.01 198.28 197.18 201.38 207.46 211.31 
60.0 131.28 130.16 164.48 169.87 166.77 186.26 186.82 190.61 193.30 193.74 204.69 214.69 221.97 226.47 228.40 231.07 237.86 242.26 
66.0 161.93 149.98 178.96 183.I2 178.36 188.71 211.86 217.26 220.28 220.68 232.93 244.16 262.46 268.18 267.13 282.29 289.36 274.73 
80.0 173.84 170.98 200.86 207.81 2Q2.12 213.37 239.42 246.36 248.80 248.76 X2.87 276.18 284.41 288.37 289.32 294.98 302.63 308.71 

86.0 197.0 193.0 226.6 233.3 227.1 239.2 289.3 274.7 278.2 278.2 293.8 307.8 317.8 322.0 322.9 329.1 337.1 344.2 
70.0 221.3 218.2 261.6 280.2 263.1 288.2 298.4 306.4 309.2 308.9 328.2 341.4 362.8 367.0 368.0 384.8 373.2 381.0 
80.0 273.4 286.7 308.9 317.3 308.8 323.6 382.4 370.6 374.7 374.1 394.9 412.9 428.4 431.1 432.1 439.8 449.3 469.0 
90.0 330.0 319.3 388.6 378.9 388.3 396.2 431.1 440.4 446.1 443.9 488.8 499.8 606.4 610.6 611.4 620.1 630.7 642.2 

100.0 390.9 378.7 430.2 444.7 432.1 460.9 604.4 616.0 620.1 618.3 647.1 671.3 689.6 696.0 696.7 806.8 817.3 830.7 

160.0 766.0 717.9 808.0 932.3 808.0 937.3 934.4 961.7 969.1 963.3 1006.7 1048.2 1080.4 1087.2 1087.3 1102.8 1120.7 1144.2 
200.0 1208.1 1137.6 1286.8 1308.7 1288.9 1308.8 1468.8 1484.2 1492.7 1481.2 1682.4 1814.6 1888.4 1884.1 1882.8 1704.8 1720.0 1784.0 
260.0 1738.0 1821.2 1794.4 1862.8 1802.8 1860.0 2080.8 2101.0 2103.8 2086.2 2199.6 2281.8 2336.8 2387.8 2383.8 2397.0 2403.0 2471.7 
300.0 2326.9 2180.1 2382.4 2469.8 2396.9 2461.0 2728.9 2792.8 2781.3 2764.8 2906.3 2979.2 3077.3 3124.0 3118.8 3183.0 3168.6 3263.6 
360.0 2970.0 2748.9 3022.1 3120.0 3041.1 3104.2 3464.7 3648.8 3618.9 3480.9 3871.1 3767.4 3881.9 3944.0 3933.2 3992.8 3977.2 4100.2 

400.0 3881. 3378. 3707. 3929. 3734. 3807. 4231. 4362. 4303. 4267. 4490. 4690. 4742. 4820. 4879. 4961. 6004. 
460.0 4396. 4042. g;:: W: 4483. z:;: kz? EC 6136. 6078. 6364. 6489. 6862. 6746. 

‘2%: 
6814. 6776. 6969. 

600.0 6188. 4742. 6231. 8007. 6938. 8281. 8392. 8803. 8714. 8890. 8794. 8742. 8968. 

.~*..*....*...*.**.*.~...**~********.******..*.**~****.*.*.~*..****~.~**.**~*.*..*~******.~*~*~.*.~*..**.***********.*.****~*~**~~*. 
E/A SM 

60 
. . ..I......... 

2.6 18.04 
3.0 18.08 
3.6 19.99 

4.0 :::?2 4.6 

l-6 
62 

. . . ...* 
18.84 
18.78 

:i:TE 
24.89 

84 LA PE SH GO 
68 67 69 82 84 

l **..****..*.. l *..*1*.*1*.***1***+*, 

17.96 18.28 18.96 19.91 20.48 
20.08 20.39 21.08 22.18 22.80 
22.09 22.40 23.10 24.30 26.01 
24.08 24.38 26.07 28.38 27.16 
28.00 18.29 27.01 28.42 29.26 

80 
87 

I...... 
21.22 
23.87 
28.00 
28.28 
30.48 

,. 
m LU 

89 71 
~******* I......, 
21.88 22.09 
24.17 24.88 
28.64 27.10 
28.84 29.46 
31.08 31.74 

I ,  

IR 
77 

I***.*** 

23.48 
28.22 
29.83 
31.34 
33.78 

AU 
79 

,***..* 
23.88 
28.88 
29.32 
31.87 
34.34 

I .  

PB 
82 

I...... 
24.43 
27.28 
29.94 
32.61 
36.01 

I .  

BI 
83 

I....., 
24.83 
27.48 
30.12 
32.89 
36.19 

8. 
m  

90 
I....., 
28.39 
29.34 
32.12 
34.81 
37.42 

92- 
8..1... 

28.96 
29.93 

2::; 
38.12 

6.0 26.68 28.81 27.92 28.19 28.92 30.43 31.32 32.83 33.28 34.00 34.88 36.31 38.18 38.77 37.47 37.84 39.99 40.71 
6.6 27.38 28.61 29.83 30.08 30.82 32.43 33.37 34.77 36.48 38.23 38.93 37.81 39.66 39.17 39.90 40.07 42.63 43.28 
8.0 29.20 30.42 31.73 31.97 32.71 34.42 36.42 38.91 37.83 39.46 39.18 39.89 40.90 41.66 42.31 42.47 46.06 46.83 
8.6 31.02 32.32 33.83 33.87 34.81 38.41 37.48 39.04 39.80 40.86 41.43 42.17 43.24 43.92 44.71 44.87 47.66 48.37 
7.0 32.86 34.23 36.64 36.78 36.61 38.40 39.61 41.17 41.98 42.88 43.87 44.44 46.67 48.28 47.11 47.28 60.08 60.90 

8.0 38.63 38.08 39.39 39.68 40.33 42.40 43.82 46.46 48.29 47.28 48.18 48.99 60.24 61.01 61.90 62.04 66.08 66.98 
9.0 40.28 41.97 43.28 43.46 44.19 48.46 47.78 49.78 60.88 61.74 62.88 63.67 64.94 66.78 68.71 68.84 80.10 81.06 

10.0 44.06 46.92 47.23 47.37 48.11 60.64 61.97 64.12 66.07 68.23 67.26 68.19 69.87 80.66 81.67 81.89 86.17 88.19 
11.0 47.89 49.93 61.26 61.38 62.09 64.70 68.23 68.63 69.64 60.79 81.87 82.88 84.48 86.39 86.48 88.69 70.30 71.38 
12.0 61.81 64.02 66.33 66.42 68.13 69.92 80.66 83.01 84.07 86.40 98.66 87.69 89.31 70.29 71.44 71.66 76.49 76.83 

16.0 83.99 88.71 89.02 89.02 88.89 72.02 73.98 78.89 78.07 79.88 81.02 82.21 84.28 86.39 88.78 88.83 91.60 92.82 
20.0 86.78 89.41 90.70 90.66 91.11 96.38 97.83 101.49 102.92 104.91 108.82 108.08 110.87 112.04 113.82 113.83 119.78 121.39 
26.0 109.48 114.06 116.32 116.00 116.39 120.80 123.84 128.04 129.89 132.11 134.18 136.89 139.04 140.84 142.88 142.81 160.08 162.03 
30.0 134.98 140.80 141.83 141.32 141.63 147.74 161.38 168.62 168.38 181.24 183.89 186.88 189.38 171.20 173.90 173.78 182.47 184.78 
36.0 182.29 189.00 170.20 189.48 189.48 178.73 180.96 188.88 188.98 192.28 196.11 197.36 201.86 203.88 208.90 208.71 218.99 219.63 

ii:: 
191.4 199.2 200.4 199.4 199.1 207.6 212.4 219.1 221.4 226.1 228.4 230.9 236.8 238.0 241.8 241.6 263.3 268.3 
222.1 231.2 232.3 231.1 230.6 240.0 246.6 263.1 266.8 269.8 283.6 288.3 271.8 274.2 278.8 278.2 291.8 296.0 

60.0 264.6 284.9 286.8 284.4 283.6 274.3 280.4 288.8 291.6 298.2 300.3 303.4 309.8 312.2 317.2 318.8 331.8 336.8 
66.0 288.6 300.2 301.1 299.4 298.2 310.1 317.0 328.2 329.2 334.4 338.9 342.3 349.1 362.0 367.8 367.0 373.9 378.1 
80.0 324.1 337.1 338.0 338.0 334.4 347.8 366.2 386.3 388.6 374.2 379.2 392.9 390.4 393.4 399.7 399.1 417.8 422.4 

66.0 381.2 376.7 378.4 374.1 372.1 398.7 396.0 408.0 409.4 416.8 421.1 426.1 433.3 438.6 443.6 442.8 483.4 469.4 
70.0 399.8 416.7 418.3 413.8 411.3 427.3 438.4 448.2 461.8 468.8 484.8 489.0 477.8 481.2 489.0 488.1 610.7 618.2 
80.0 481.3 600.4 600.7 497.6 494.2 613.0 623.8 637.4 641.4 649.3 668.4 681.4 671.7 676.4 684.7 683.8 810.3 818.7 
90.0 688.4 690.8 690.9 687.0 682.8 604.4 818.8 832.4 838.9 848.0 864.1 869.8 871.8 876.7 898.7 886.3 718.4 723.7 

100.0 880.9 888.8 888.8 892.0 878.4 701.4 716.6 733.1 738.1 748.3 767.8 784.0 777.6 781.9 794.8 792.9 828.8 837.0 

160.0 
:Z 

1244. 1242. 1233. 1220. 1283. 1287. 1318. 1323. 1340. 1366. 1388. 1389. 1394. 1417. 1413. 1476. 1489. 
200.0 1918. 

ii%:. 
1897. 1876. 1940. 1976. 2016. 2026. 2049. 2073. 2087. 2119. 2128. 2182. 2167. 2233. 2270. 

260.0 2686. 2881. 
p;3: 

2881. 2828. 2717. 2782. 2818. 2827. 2880. 2894. 2912. 2964. 2987. 3016. 3008. 3090. 3168. 
300.0 3402. 3627. 3613. 3488. 
360.0 4288. 4443. . 4438. 

3677. g;:: 27;: 3711. 3764. 3801. 3821. 3973. 3893. 3966. 3944. 4036. 4132. 
4378. 4607. 4888. 4720. 4781. 4903. 4986. 4893. 4971. 4967. 6066. 6184. 

400.0 6229. 6420. 6460. 6420. 6348. 6499. 6673. 6878. 6884. 6749. 6828. 6849. 6923. 6968. 8063. 
460.0 8226. 6461. 8492. 8468. 8389. 8648. 8830. 8761. 8927. 7038. 7080. 7193. 

ES: 8142. 8306. 
7280. 7488. 

600.0 7288. 7630. 7692. 7644. 7439. 7840. 7738. 7876. PIE: %E: 9079. E: 8203. 8264. 8386. 8380. 8488. 8720. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROSIC STOPPIIG POWER 11 USITS OT  MEV/(HG/SQ QI) 

** Be 2 lZwi 13& 14= 2P 2221 24cR 24= 24u1 2saJ 32GE ylSE mSR 4om 42M 4gRB 4:G 4 ,........*,,.*......~*......**....*....*....*****.*..*...***.*~..*..***~*..~..*.**.*..*..****.***~...*....~*.......*...*..**~**.*.~. 
3:: 161.4 169.9 126.9 130.0 101.6 103.1 ZZ:: 97.3 99.2 it:+ ~Z . 70.6 

Ei 
62.4 64.9 23 f?: Z:f 

3-t 61.0 

416 

167.0 163.4 131.6 131.4 103.4 103.0 Ei-: 

149.9 130.6 102.2 97:8 

z.7" 

99:l 

EY 

99:s wi . Z:O 2: 

E-8 

68:1 

2-B" 

6ti2 

4918 61.1 

62.0 LG.; . 

146.7 2: Zi:: ifi:; 69.0 69.0 
62.6 

141.9 E:i 
138.2 
134.0 ii.: %A :*: E:i 

E.8 
63:0 ii!.; 

131.2 9l:r 42.3 69:8 68.3 62.9 6218 

i;:: 

E? 
e3:2 

i:: 
t+ 
7:o 

68.4 
68.4 

EC: 
67:8 

28 
1o:o 

:::: 

::;4 
11317 
109.0 
104.4 

114.6 
112.3 
108.3 
104.6 
101.0 

8-i 
86:3 
82.8 
80.6 

if:‘: 
z?: 42:s 

41.2 

E:li 
Iii:: 

R 
69:4 
66.4 
64.3 

E*: 
66:o 
63.9 
62.9 

i::i 
%! 
49:s 

40.0 
46.0 

K8 
so:0 

%8 
so:0 
90.0 

100.0 

160.0 
200.0 
260.0 

G% 

EZ 
6oo:o 

93.70 
80.30 
70.49 

E4 

76.49 72.42 
04.62 
68.29 

:X:3: 
GXJ i55k: 
60:73 

63.11 64.71 
49.30 61.01 
44.09 47.87 
43.36 46.17 
40.97 42.82 

47.64 46.97 
44.43 43.13 
g.g 
37194 

g.g 
39171 

47.31 
44.40 
41.91 
39.73 
37.82 

40.76 
38.91 
36.79 
33.24 
31.10 

ix 
32:Ol 
29.86 
28.03 

22.60 24.11 
18.72 20.38 
14.60 18.03 
14.96 14.39 
13.93 16.18 

21.94 21.30 
18.42 18.03 
14.61 16.99 
;“5.c$ ye 

21.98 
18.48 
14.34 
14.90 
13.62 

12.94 14.24 13.09 12.48 12.99 
12.28 13.63 12.43 12.03 12.33 
11.74 12.94 11.89 11.61 11.80 

es.88 
%X7” 
62:27 
48.60 

46.33 40.46 

~% 
38:zs 

E3 
34:22 

39.47 32.44 

31.22 

ES 
26:94 
24.42 

tie:!: 
14:14 
14.71 
13.46 

19.26 

:z: 
13124 
12.29 

12.84 

::::f 

66.40 62.92 61.04 60.13 49.87 
60.34 48.01 48.39 46.47 46.48 
49.09 44.01 42.68 42.00 41.87 
42.40 40.73 39.43 38.94 38.84 
39.70 37.99 39.80 3S.40 39.33 

37.26 
36.14 
33.31 
31.70 
30.27 

36.44 
33.44 
31.92 

g::: 

34.64 
32.44 

xx 
28117 

34.23 34.18 
32.31 
30.49 
29.26 
27.98 

29.00 27.82 27.00 20.83 
27.86 29.73 26.96 26.80 
26.84 24.86 24.12 24.00 
24.23 23.27 22.40 22.60 
22.82 21.93 21.30 21.22 

26.83 
26.80 

%: 
21:24 

18.09 
16.41 
13.73 
12.64 
11.46 

17.40 

:i.:: 
12134 
11.44 

14.91 
14.47 
13.07 
11.93 
11.09 

16.87 18.90 
14.36 14.41 
12.80 12.84 
11.70 11.74 
10.89 10.94 

10.97 
10.43 
10.00 

g.;s& '"9.4; 

S:82 9:61 

10.26 10.30 
9.76 9.80 
9.36 9.39 

iz: 
41:02 
38.12 
36.98 

33.69 
31.78 
30.20 

Z: E8 

::-:: 
12:44 

:;:::: 
‘“9: AZ 

9.26 

80.07 

:a 
46:49 
42.30 

68.91 
63.29 

ix 
41197 

39.21 
38.94 

E% 
31177 

32.21 
30.60 
29.01 
27.49 
26.62 

39.41 
37.31 
36.32 
33.68 
32.03 

E:Z 
27.30 
26.62 
24.02 

18.99 
14.03 
14.09 
12.74 
11.84 

11.16 
10.60 
10.14 

30.41 
29.39 

:E 
24107 

19.09 

:z:: 
13:22 
12.24 

11.64 

:82X 

33.00 

%-:i 
28137 
27.14 

X.07 

ii.03: 
21:94 
20.72 

26.44 
24.61 
22.86 
21.44 
20.27 

:tz 
14:31 
13.04 
12.13 

14.61 14.21 
14.34 13.46 
12.81 12.38 
11.72 11.33 
10.90 10.66 

10.27 9.94 
9.77 

E 9.37 . 

11.41 
10.86 
10.39 

l .*...* 

E/A 

6.0 

i% 

% 

i:: 10.0 
:::: 

gp 
66:o 
80.0 

46.0 

it+: 
so:0 

100.0 

.%*: 
wo:o 

~.**....~.C..*.**l*~....**....*......*...**~...**~.***.~***.**********.******.******.*~*.**.* 
Sli TE BA LA PR ?A SD HO ln LU l-A RE In 

60 62 64 67 69 42 84 47 49 71 73 76 77 
~..*.**...~*.***~....***.**.*.*..***.**..*..**~.*****.**~.....***~****...******~~******.*..*. 

43.72 41.44 41.48 41.97 41.67 39.14 37.84 36.80 36.02 34.10 33.44 32.88 31.49 
46.19 44.04 44.07 44.34 44.02 41.68 40.32 38.19 37.42 39.44 36.79 36.23 34.02 
47.83 46.46 46.46 45.96 46.44 43.22 41.96 39.84 39.09 38.14 37.46 34.88 36.48 
48.99 44.49 49.49 47.00 48.74 44.33 43.04 40.99 40.24 39.32 38.42 38.06 39.84 
49.64 47.34 47.36 47.44 47.44 46.06 43.79 41.77 4l.07 40.13 39.44 38.88 37.70 

,.~*,**..****,*~***..*.*~**..**..* 
AU PB 01 nl 

79 82 83 So SIU 
,..*.***.***.**....******...~...~* 
31.28 30.93 31.01 29.73 29.38 
33.68 33.19 33.27 31.84 31.49 
36.21 34.80 34.88 33.37 32.98 
34.38 36.96 39.03 34.46 34.04 
37.22 39.74 39.84 36.21 34.80 

49.96 47.76 47.73 48.06 47.89 46.62 44.27 42.29 41.41 40.49 40.00 39.44 38.29 37.80 37.33 37.4l 36.76 36.33 
60.12 47.93 47.92 48.24 48.12 46.78 44.64 42.42 41.94 41.06 40.34 39.82 38.49 38.20 37.72 37.80 34.11 36.44 
60.16 47.98 47.94 48.28 48.19 46.89 44.07 42.79 42.14 41.24 40.68 40.06 38.94 38.44 37.97 38.04 39.34 36.91 
60.04 47.91 47.89 48.21 48.16 46.89 44.46 42.86 42.24 41.35 40.99 40.17 39.08 34.40 38.10 38.18 36.44 34.04 
49.49 47.7~3 47.74 48.04 48.03 46.81 44.41 42.83 42.24 41.39 40.71 40.20 39.14 38.44 34.14 38.23 39.61 38.09 

49.37 47.28 47.27 47.68 47.90 46.46 44.29 42.60 42.04 41.21 40.67 40.07 39.06 38.69 38.08 38.14 39.43 34.01 
48.70 44.46 49.46 49.94 47.01 44.94 43.82 42.20 41.48 40.86 40.26 3s.78 38.80 38.36 37.83 37.91 39.19 36.78 
47.94 46.96 46.94 49.26 49.34 44.33 43.24 41.70 41.21 40.44 39.83 59.37 38.43 34.00 37.48 37.66 36.84 36.46 
47.16 46.20 46.20 46.61 46.42 43.67 42.92 41.14 40.68 39.93 3S.34 36.90 37.99 37.68 37.09 37.13 36.44 36.06 
46.34 44.44 44.44 44.74 44.87 42.99 41.97 40.66 40.11 39.39 38.82 38.39 37.62 37.12 34.80 39.47 36.02 34.92 

43.94 42.17 42.l8 42.47 42.46 40.93 39.99 38.72 39.34 37.49 37.14 39.78 36.98 36.44 36.12 36.19 33.41 33.24 
40.34 38.76 38.77 39.04 39.27 37.76 39.92 36.86 36.64 34.97 34.60 34.17 33.48 33.20 32.70 32.76 31.31 30.9'1 
37.31 36.86 36.89 39.16 39.40 36.03 34.29 33.36 33.08 32.69 32.l4 31.87 31.26 31.02 30.64 30.41 29.28 24.99 
34.74 33.42 33.44 33.70 33.98 32.72 32.04 31.21 30.98 30.63 30.14 29.88 29.33 29.13 28.07 29.73 27.44 27.20 
32.69 31.36 31.40 31.43 31.89 30.74 30.12 29.37 29.17 28.76 28.40 28.14 27.48 27.48 27.06 27.11 26.94 26.99 

30.73 19.67 29.42 29.44 30.11 29.04 29.44 27.77 27.69 27.21 29.88 29.44 24.20 24.06 26.43 26.69 24.69 24.35 
29.~12 28.02 28.08 24.29 28.66 27.66 27.01 29.38 26.22 26.99 26.66 26.36 24.92 24.79 24.39 24.46 23.41 23.14 
27.X0 29.44 29.72 29.92 27.lS 29.24 26.74 26.16 26.00 24.87 24.38 24.19 23.79 23.47 23.29 23.34 22.36 22.14 
26.46 26.44 26.62 26.72 26.98 26.08 24.41 24.09 23.92 23.41 23.33 23.14 22.78 22.47 22.31 22.34 21.42 2l.21 
26.33 24.39 24.46 24.44 24.90 24.06 23.40 23.08 22.96 22.89 22.40 22.23 21.87 21.77 21.42 21.47 20.67 20.38 

24.33 23.43 23.49 23.47 23.92 23.11 22.44 22.20 22.04 21.90 21.66 21.39 H.Ob 2O.SS 20.02 20.48 19.81 
23.42 22.68 22.42 22.79 23.04 22.27 21.44 21.40 21.29 2l.02 20.78 20.43 20.31 20.23 19.90 IS.96 19.12 

ii.: 
. 

21.86 21.04 2l.ll 21.27 21.61 20.80 20.42 20.00 19.90 19.69 19.44 19.31 is.01 18.94 18.43 18.98 17.91 17.76 
20.62 19.77 19.83 19.98 20.22 18.69 IS.21 18.82 18.73 18.62 18.31 l8.l8 l7,Sl 17.86 17.64 17.40 14.84 14.73 
19.39 18.48 14.74 14.49 19.l2 18.49 18.17 17.81 17.73 17.63 17.34 17.22 14.94 14.91 14.64 14.08 14.00 16.89 

9.623 9.198 9.102 9.133 9.270 9.041 8.970 8.820 9.424 9.731 8.407 8.691 4.602 8.443 8.311 8.338 8.272 8.024 9.003 8.766 &OS7 9.496 8.827 8.029 8.641 8.401 8.409 8.314 8.201 8.186 8.102 8.047 7.922 7.947 7.883 7.460 
8.491 8.396 8.314 8.341 8.467 8.278 8,194 8.Wl 8.070 7.962 7.871 7.864 7.774 7.724 7.607 7.430 7.644 7.344 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

181 
RAIGE II Ul1T.S OF !IG/SQ al TA IOMS 

73 

*' qBE ec lza IJIl' 14s1 2oc* 2zTI lQcR 2aFE 18'I 19(;" 31GE 2 2 4om 42Ho sH 46 4:G 
.,*~*....+*+*...**,+******~.***.******.~.**.*******~.********..*..***.**~~***.*.**..**.**.*...*.*.....**.~***~*..*~**~~..~*~**~***~~ 

f.E 
3:s 

6.140 6.703 6.676 6.870 8.293 9.177 8.110 9.199 8.120 9.040 10.706 8.674 10.460 11.666 10.996 12.266 11.390 12.692 11.820 13.167 11.090 13.618 12.940 14.464 13.380 14.987 13.939 16.601 16.834 14.160 16.127 14.377 16.763 14.808 16.190 17.070 
7.274 7.267 10.063 10.118 9.948 ll.TlS 12.831 13.484 13.968 14.466 14.902 16.938 16.637 17.102 17.466 17.609 18.1304 la.873 

E 7.667 6,464 7.966 8.646 10.919 11.611 11.037 11.961 10.866 11.766 12.714 13.729 13.991 16.148 14.697 16.906 16.207 16.449 16.730 16.996 16.261 17.609 17.386 16.816 18.066 19.666 18.768 20.314 20.603 19.040 19.461 21.069 20.396 22.161 20.628 22.366 

6:0 ii.: 

9.067 9.343 12.701 12.893 12.683 14.738 16.306 17.113 17.690 16.168 18.963 10.241 21.048 21.660 22.166 22.874 23.882 24.067 

10.342 9.696 10.060 10.767 13.603 14.616 13.836 14.791 13.610 14.649 16.764 16.780 17.474 18.649 18.326 19.648 18.936 lQ.186 19.622 10.792 20.298 21.649 11.666 23.098 22.639 24.033 24.918 23.363 23.704 26.264 24.273 26.873 26.699 27.310 26.770 27.472 
6.6 11.006 il.497 16.443 16.769 16.600 17.817 19.836 10.780 11.448 22.070 23.007 24.636 26.633 26.469 26.809 27.477 29.018 29.176 
7.0 11.6S7 12.239 16.386 16.742 16.466 18.868 11.036 22.023 22.720 13.368 24.376 26.981 27.042 28.008 28.372 29.067 X.728 30.886 

1o:o 22 
13.10 13.77 18.31 18.76 18.44 21.00 23.47 14.66 26.30 26.97 27.16 28.91 30.10 31.14 31.63 32.34 34.16 34.33 
14.69 l6.l4 16.36 16.99 20.30 12.36 20.82 12.96 20.47 21.66 13.20 26.46 26.97 28.64 27.14 29.78 30.S4 27.94 31.36 28.63 32.87 29.98 31.90 34.94 33.20 38.37 34.32 37.66 34.73 38.00 36.64 38.99 37.84 41.16 41.37 37.82 

11.0 17.77 18.69 24.46 26.16 24.71 27.77 31.16 32.49 33.41 34.14 36.82 38.06 39.60 40.86 41.32 42.40 44.72 44.96 
12.0 19.47 10.46 26.64 17.43 16.93 30.14 33.86 36.17 36.24 38.98 38.84 41.23 42.90 44.23 44.71 46.88 48.36 48.66 

16.0 14.96 26.09 33.56 34.62 33.96 37.63 41.36 44.01 46.12 46.91 48.30 61.18 63.22 64.74 66.29 66.73 69.60 SO.07 
20.0 36.43 36.67 48.31 47.67 46.86 61.34 67.83 69.91 61.27 62.08 66.43 69.16 71.83 73.68 74.31 76.19 79.68 80.62 
26.0 47.47 48.67 SO.66 61.66 61.27 0.64 74.94 7?.46 79.04 79.86 84.24 88.86 92.22 94.37 96.07 97.39 101.43 102.76 
30.0 61.01 62.03 76.13 78.90 77.09 83.16 93.62 98.67 98.40 99.19 104.68 110.26 114.33 116.76 117.63 120.29 124.86 126.72 
36.0 76.99 76.69 93.28 90.66 84.26 101.16 113.81 117.22 119.28 120.02 126.71 133.29 138.10 140.81 141.63 144.86 149.91 162.37 

2:: 110.06 92.36 109.76 92.62 111.66 131.30 116.68 136.92 112.76 132.61 120.46 141.06 136.47 168.66 139.34 162.89 141.64 166.42 142.30 166.99 160.26 176 29 
201:76 

167.89 184 02 
211:64 

163.49 190 46 
218:94 

166 193'68 46 
222141 

167 194'68 33 
223:33 

171.01 198.73 2Q4 176.66 76 179.67 x)8 66 
60.0 129.06 116.09 162.20 167.63 163.60 162.91 183.00 187.84 190.60 191.05 227.96 234146 238:99 
66.0 149.31 147.66 174.30 180.38 176.69 186.97 208.79 214.13 217.12 217.44 229.62 240.71 248.91 262.61 263.66 268.66 286.64 270.93 
60.0 170.80 168.16 197.67 204.44 199.04 210.20 236.88 241.73 244.96 246.12 268.86 271.19 260.32 284.26 286.20 290.79 298.26 304.34 

66.0 193.6 189.6 222.0 219.7 223.6 236.6 264.2 270.6 274.1 274.1 269.4 303.0 313.1 317.3 318.2 324.3 332.3 339.2 
70.0 217.3 112.6 247.6 166.1 249.1 161.1 293.6 SW.8 304.4 304.3 321.3 336.2 347.3 361.7 362.6 369.2 367.7 376.4 
80.0 208.4 261.1 301.6 312.2 303.6 318.4 366.7 384.7 388.6 388.2 388.7 406.6 419.8 424.6 426.4 433.0 442.6 462.0 
90.0 323.9 313.6 3S0.4 372.6 302.2 378.9 424.1 433.3 437.9 436.8 461.1 481.8 497.3 602.4 603.3 611.9 622.4 633.7 

100.0 363.6 370.0 422.9 437.1 424.8 443.4 496.1 606.6 611.6 609.8 638.1 662.0 679.9 686.3 686.1 696.6 607.4 620.6 

160.0 740.3 704.3 791.3 817.2 793.4 621.3 917.7 934.6 942.0 936.6 987.9 1029.7 1061.4 1068.2 1066.3 1063.6 1101.2 1124.3 
200.0 1164.0 1116.4 1241.8 1282.1 1246.0 1284.4 1431.6 1466.6 1466.0 1463.8 1633.6 1684.8 1636.7 1663.2 1661.9 1673.6 1688.6 1731.8 
260.0 1700.8 1689.1 1769.6 1816.7 1767.7 1814.6 2011.3 2060.8 x)63.6 2046.6 2167.6 2218.9 2291.6 2322.8 2318.9 2361.8 2367.8 2426.1 
300.0 2276.3 2116.8 2336.3 2411.0 2348.6 2403.0 2676.6 2738.3 2727.2 2701.0 2848.9 2921.4 X17.7 3063.6 3066.6 3101.9 5097.7 3190.9 
360.0 2908.6 2691.3 2961.6 3067.6 2980.3 3041.6 3386.2 3476.3 3447.3 3412.2 3598.6 3683.4 3806.6 3866.6 3366.9 3914.6 3899.4 4019.9 

400.0 y;. pg. 3832. 3760. 3867. 3727. 4146. 4266. 4217. 4172. 4400. 4498. 4847. 4724. 4709. 4782. 4766. 4906. 
460.0 

6067: 4644: 
.z: 44::. 4372. 4461. 4960. 6098. 6031. 4976. 6246. 6369. 6638. 6630. 6611. 6698. 6669. 5838. 

600.0 . 6123. 6210. 6793. 6971. 6884. 6817. 6133. 6262. 6469. 6678. 6666. 8866. 6806. 8818. 

1~..*.1.****1*...*~***~**.*.*..**.~...*..*..*.**.**.~~.*..**....*****.*.**.*..*.****.*.*..*.****....~.~...*..**.**.*.*.....**..~..~~ 
WA SE T!Z BP LA PFi St4 CD 80 l?l LU TA RE IR AU PB BI TM 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 a3 90 S2" 
I.~..*.*~I.*II....I**.*...*.**..*...*.****.*.****.***~.*..***~...****~*~***~*.*~*.****.***.~*~.*~**.***~..*...~.*.*~...~...~...**.~* 

:2 

3:s 

16.94 17.96 16.63 16.64 17.83 19.94 18.17 20.26 20.96 18.84 22.03 19.79 20.36 22.67 21.09 23.64 21.63 24.03 21.96 24.62 22.39 26.00 22.86 26.60 26.06 23.31 26.62 23.73 27.10 24.28 27.29 24.48 29.16 26.22 29.76 26.78 

19.87 10.66 21.96 22.27 22.97 24.18 24.87 26.86 26.39 26.94 27.47 28.01 28.66 23.14 29.76 29.94 31.93 32.66 
4.0 21.74 22.61 13.92 24.21 24.92 26.13 26.99 28.09 28.67 29.27 29.86 30.42 31.16 31.67 32.31 32.49 34.60 36.26 
4.6 23.68 24.64 26.84 26.11 26.84 28.26 29.08 30.28 30.89 31.66 32.16 32.78 33.67 34.13 34.80 34.98 37.19 37.88 

ii:: 26.40 27.21 26.44 28.33 27.74 29.63 28.01 2S.89 28.74 30.62 30.26 32.13 31.13 33.17 32.43 34.66 33.08 36.24 33.79 36.00 36.69 34.44 36.09 37.37 38.30 36.96 36.64 38.92 39.66 37.24 37.41 39.74 40.46 
39.82 42.26 43.01 

::: 30.82 29.01 30.22 32.10 31.61 33.41 31.77 33.64 32.60 34.38 34.20 38.17 36.20 37.22 36.68 38.79 37.40 39.64 38.20 40.39 38.93 41.16 39.63 41.89 40.64 42.96 43.63 41.28 44.42 42.04 42.20 44.76 46.63 
44.68 47.24 48.06 

7.0 32.63 34.00 36.30 36.62 36.26 38.16 39.26 40.90 41.68 42.68 43.38 44.14 46.27 46.97 46.80 46.95 49.72 60.66 

E 38.17 3.96 37.60 41.66 39.11 41.97 39.31 43.14 40.06 43.87 42.11 48.12 43.32 47.43 46.14 49.41 46.98 60.30 46.96 61.37 47.83 62.31 48.66 63.18 49.90 64.64 60.66 66.36 61.64 66.31 66.44 61.68 64.69 69.67 GO.62 66.68 

10.0 43.71 46.67 46.87 47.01 47.76 60.17 61.69 63.72 64.67 66.82 66.83 67.76 69.23 SO.10 61.12 61.24 64.69 66.70 
11.0 47.62 49.64 60.86 60.96 61.69 64.28 66.80 68.09 69.09 SO.32 61.40 62.38 63.97 64.89 66.97 68.08 69.77 70.83 
12.0 61.39 63.68 64.88 64.97 66.69 68.46 80.08 62.62 63.67 64.89 gS.03 67.08 88.76 69.73 70.89 70.99 74.90 76.03 

16.0 63.42 W.12 67.43 67.43 68.10 71.41 73.34 76.22 77.41 78.98 80.33 91.61 63.64 84.66 65.03 88.10 SO.73 92.03 
20.0 84.94 88.63 89.82 89.67 SO.23 94.46 98.90 100.63 101.94 103.92 106.61 107.06 109.62 110.98 112.74 
26.0 

112.76 118.64 120.26 
108.19 112.83 114.10 113.79 114.19 119.36 112.36 116.72 128.36 130.76 132.80 134.49 137.61 139.20 141.40 

30.0 
141.36 148.66 160.48 

133.44 139.00 140.24 139.73 139.96 146.11 149.68 164.79 166.64 169.46 161.89 163.84 167.62 169.32 172.00 171.69 180.49 
36.0 

182.76 
160.36 166.96 168.17 167.47 167.46 174.66 178.83 184.70 186.76 190.03 192.84 196.06 199.32 201.33 204.61 204.33 214.40 217.01 

g3 189.0 218.2 261.1 228.2 261.3 196.7 262.3 197.9 219.3 196.9 228.1 290.9 227.8 160.1 196.7 270.6 206.0 237.0 209.8 242.4 276.7 216.4 249.9 286.0 218.7 262.3 287.7 222.4 266.6 292.4 126.6 260.2 296.4 299.6 228.1 261.9 306.6 233.0 268.4 236.2 270.8 238.9 276.1 238.6 274.8 260.2 288.0 263.2 291.3 
308.2 313.1 312.7 327.6 

66.0 264.6 
331.3 

296.1 297.0 296.3 294.1 306.9 312.7 321.8 324.7 329.9 334.4 337.7 344.6 347.3 362.8 
60.0 

362.3 368.9 373.1 
319.6 332.4 333.2 331.3 319.7 441.8 360.3 360.2 363.4 369.0 374.0 377.6 386.0 388.0 394.2 393.6 412.1 416.6 

%:: 393.9 366.0 370.3 409.6 371.0 410.3 407.6 368.6 366.6 406.4 42l.l 381.1 389.4 430.1 400.2 441.8 403.6 446.3 409.7 462.0 416.2 468.0 419.2 482.2 427.2 430.4 437.3 436.6 466.9 461.9 
471.0 474.3 482.0 

100: EE 0 
474.0 

WI.1 603.4 608.8 
492.8 493.2 490.0 486.7 606.3 616.8 629.3 633.3 641.1 646.1 663.0 663.2 6SS.S 676.0 676.0 

660.3 669.6 676.9 681.6 
t301.3 607.6 

661.7 676.6 671.1 677.9 666.7 573.6 690.3 696.1 907.3 704.2 622.7 721.6 627.1 726.6 636.0 736.6 644.1 8681.4 606.4 676.2 674.8 706.6 712.7 
746.7 

649.7 762.0 
766.3 769.13 702.1 760.6 616.7 823.9 

160.0 
200.0 

;;x. ;22;. 1120. 1205. 1293. 1300. 1317. 1332. 1342. 1364. 1370. 1393. 1369. 1460. 1464. 

2636: 283i: 
1871. 

ul;. y& :i% 
1979. 2036. 2060. 1081. 2193. 2229. 

260.0 2632. 2611: 2679: 2GGs: K: :z 
2118. 

2764. 
3G40: 

$22:. 
2090. 

3Ga2: 
2640. 2899. 2Sl2. :::3. 2961. 3033. 3098. 

300.0 E: EC 3469. 3446. 3401. 3606. 366~. 3830. 3729. 
;;W;. 

4710: 
37SS. 3819. 4063. 

360.0 . 4378. 4349. 4291. 4419. . 4666. 4676. 4628. 4689. 4771. 4798. 
y;: 

g6:. ES;: 6084. 

400.0 6126. 6312. 6342. 6312. 6240. 6391. 6463. 66G4. 6672. 6636. 460.0 6101. 6711. 6734. G312. 8362. 6319. 6841. 6934. 6916. eO21. 6161. 6141. 0416. 6497. 
6616. 

6623. (Mss. 

600.0 7121. 7376. ;;mJ: 
0814. 

687%. 

7429. 7392. 8038: 
6939. 7060. 7029. 7143. 7337. 

7289. 748e.. 7680. 7716. 7723. 7810. 7944. 8088. 8217. 8192. 8318. 8646. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROIIC STOPPIlG WUER II UIITS Of !‘EV/(IG/SQ CM) 
164 

v IOtiS 
74 

wd BE ac 12= 13& 14= 12 22-I 24cR 2an 2*= lacu 31GE 34= 3aSR 4om 42Ho 45= 4;G 4 
+.*C*I*...*t*.*.+.*...*....**.*****.****.*~****.*************.****~*.**~.****....**.***.**.*..**.***********************.****.****** 

2.6 163.8 117.1 101.7 97.6 88.6 
Z:d 

76.1 71.3 68.6 66.5 53.4 52.9 60.8 45.5 47.3 
Z 142.4 169.4 131.6 133.1 104.4 104.8 .sE& 

::: 154.1 162.2 133.1 132.4 104.6 103.4 se.0 se:7 

;gy.; 

101:i 100.6 ii? 9l:2 

E 

7912 

51:; ?i 
73:o 

;:p ~~~~ 

7212 72.6 

es:9 42.4 41.2 58.2 59.8 2: 66.6 57.2 53.5 55.2 48.4 60.4 43.9 

79.2 7I3:o 73.7 73.9 87.8 48.2 E:i E! 69.0 69.6 58.3 68.9 iFi:; 61.7 62.6 ::.; 53:4 

2: 148.4 144.6 130.9 129.1 101.3 102.6 2: EC: 
9712 

iz TX.! . 76.8 75.4 73.9 73.4 X 2: 64.4 
67:s 22 

41.6 41.5 69.8 69.8 59.2 69.2 57.3 57.4 63.6 53.2 53.7 53.9 
6.0 140.8 127.2 

it.1 ES Ex FE 
74.9 73.1 

8:; 
41.3 59.7 69.1 57.3 53.7 

6.5 137.2 126.0 
37:o 

34.0 
8711 76:2 

74.1 72.5 67.4 2': 41.0 69.5 68.9 
7.0 133.7 122.9 $2.9 $4.6 73.5 71.9 . 66.8 44.6 59.1 58.4 

El 53.7 % 
63.6 53.4 

1o:o i.8 

127.1 116.5 

X i.T:k 

91.9 

Eg 

74.5 72.0 70.4 

68:s Ez 

66.7 42.2 69.7 

121.4 116.1 114.3 110.3 89.3 72.7 70.9 70.3 ?P F3:: 61 59.8 .o 68.4 57.5 R: 

57.8 

EC: 

53.2 63.0 

52.6 

zi*: ii.: .E: 78:s i:; %5:8 z:: 

54.9 56.9 

Ei:: K 

52.3 61.4 

11.0 111.2 106.6 8314 6012 a2:o 69.2 61 7 54.4 12.0 Wm.8 103.0 76.6 67.5 . 64.3 z:: %0:3 if:: 65.2 54.1 i2.i . 52.4 50:3 2; 

16.0 95.73 93.74 76.92 73.99 75.79 71.1% 42.92 41.17 80.14 69.94 66.60 53.87 61.97 61.02 60.76 49.56 47.87 47.08 
20.0 82.10 81.81 68.31 46.80 67.51 43.80 56.58 65.15 54.34 64.31 61.30 48.92 47.17 46.53 48.34 45.34 44.08 43.20 
it: 

35:o 

64.91 72.32 72.90 44.01 61.70 56.4% 59.49 54.44 61.10 54.00 68.02 53.3% 61.5% 47.60 48.44 60.34 49.70 45.89 49.73 46.98 47.00 43.44 44.89 41.67 43.42 40.24 42.83 39.75 42.69 39.46 41.43 38.90 40.84 38.04 37.20 39.94 

69.10 40.60 61.19 60.39 61.83 49.53 44.16 43.20 42.73 42.85 40.64 38.79 37.57 37.14 37.09 38.42 35.73 34.48 

40.0 64.39 66.98 48.44 48.99 48.35 46.31 41.33 40.47 40.04 40.21 38.06 38.43 35.30 34.94 34.91 34.30 33.70 32.89 
46.0 60.60 52.21 45.63 44.10 46.40 43.58 36.91 38.14 37.77 37.93 36.91 34.40 33.36 33.05 33.02 32.47 31.93 31.1% 
50.0 47.22 49.01 43.06 41.%2 42.64 41.21 36.43 38.11 36.79 35.9% 34.05 32.43 31.44 31.39 31.3% 32.4% 30.34 29.65 
56.0 44.42 46.26 40.80 39.46 40.66 39.14 35.00 34.34 34.04 34.22 32.41 31.08 30.16 29.92 29.91 29.44 29.00 28.31 
40.0 41.99 43.85 38.83 37.57 38.70 37.31 33.39 32.77 32.50 32.69 30.9% 29.70 24.81 28.42 28.61 28.18 27.77 27.12 

46.0 39.84 41.74 37.08 35.64 36.97 36.69 31.96 31.37 31.12 31.31 29.47 28.47 27.42 27.45 27.46 27.06 26.67 24.04 
70.0 37.98 39.87 35.52 34.38 35.43 34.23 30.64 30.11 29.89 30.08 28.50 27.36 26.55 24.39 24.40 26.03 25.67 25.07 
80.0 34.81 34.68 32.84 31.80 31.74 31.72 28.44 27.95 27.75 27.96 26.49 25.44 24.49 24.57 24.58 24.25 23.93 23.39 

1%:: 32.22 30.07 34.07 31.89 30.62 28.76 29.84 17.84 30.64 28.72 27.87 29.64 24.58 25.02 24.14 24.61 25.97 24.4% 24.17 24.6% 23.38 24.81 23.83 22.47 23.14 21.42 23.04 21.73 23.0% 21.7% 22.76 21.49 22.47 21.22 21.97 20.70 

150.0 
:;A; f$;f 

22.53 21.86 22.52 21.96 19.74 19.44 19.36 19.56 18.64 17.84 17.33 17.30 17.33 17.14 16.93 14.42 
200.0 

16:94 IS:51 
19.11 18.60 18.97 18.64 16.76 14.44 16.49 14.68 15.81 16.6% 16.04 14.72 l&;~ 14.64 14.73 14.21 

260.0 16.95 14.42 18.79 16.67 14.90 14.4% 14.48 14.8% 14.09 13.44 13.41 13.14 12.97 13.15 12.70 
300.0 16.34 14.83 16.43 14.96 16.30 16.10 13.69 13.08 13.40 13.57 12.87 12.44 12.26 12.01 12.07 11.87 12.03 11.43 
350.0 14.20 16.69 14.31 13.44 14.19 14.02 12.62 12.1% 11.46 12.61 11.97 11.77 11.39 il.18 11.23 11.06 11.20 10.83 

ii::: 13.32 12.42 14.64 13.49 13.45 12.7% 12.3% 13.02 13.34 12.64 13.18 12.52 11.87 11.24 11.46 10.89 11.72 11.14 11.87 11.29 11.27 10.71 11.08 10.63 10.72 10.19 10.53 10.02 10.58 10.06 10.41 10.66 10.21 9.72 
500.0 11.04 13.23 11.11 11.83 12.12 11.99 10.80 10.43 10.67 10.81 10.27 10.09 9.77 9.60 3.66 :::A '"9::': 9.32 

..*.*.....**..*..*.*...*~.***.***************..**......*****.****..****.~***~....*...***...........****************...****...*.***~* 
E/A SI TE Bd LA PR SPI Go 10 RI LU Td RE IR AU Pa BI TB 

60 62 64 67 69 42 44 67 69 71 73 75 77 79 82 83 so s2" 
..*.*.**..,...**..**...~..........*.*~*.......~*....***...***.***..*...*.*******.**~*..~**~.*.*~**.~..*..*.......*..*...*.*.*.*..*** 

2: 44.15 46.69 42.07 44.53 44.54 42.09 42.34 44.84 41.97 44.49 42.03 39.66 40.76 38.31 36.16 38.60 35.3% 37.82 34.43 36.84 33.7% 38.17 33.20 36.40 34.38 31.99 31.58 33.93 31.23 33.65 33.43 31.31 30.01 32.20 29.47 31.82 

El 
4:s 

48.38 49.49 48,17 47.24 48.17 47.25 Qb.48 47.57 47.32 48.19 44.84 43.72 42.43 43.57 40.30 41.48 39.54 40.74 38.58 39.79 37.84 39.08 38.51 37.30 36.08 37.30 36.61 38.82 35.19 34.38 35.28 36.4% 33.75 34.8% 33.36 34.45 
50.19 47.96 47.s4 48.24 48.04 45.43 44.34 42.30 41.68 40.63 39.93 39.3% 38.17 37.48 37.22 37.30 36.66 35.23 

6.0 50.40 48.37 48.36 48.48 48.62 46.12 44.84 42.44 42.15 41.22 40.61 39.94 38.79 38.29 37.81 37.90 38.21 35.78 

2: 50.81 50.86 48.68 48.64 48.57 48.63 48.89 48.96 48.77 48.84 46.40 46.53 46.14 45.24 43.19 43.38 42.62 42.74 41.83 41.60 41.14 40.90 40.36 40.60 39.21 39.48 38.71 38.98 38.22 38.48 38.30 38.64 38.59 38.83 36.14 38.40 

FE 50.78 60.42 48.69 48.46 48.67 48.43 48.89 4B.76 48.84 46.72 46.54 46.47 46.31 46.26 43.4% 43.46 42.84 42.85 41.97 41.94 41.30 41.24 40.73 40.78 39.43 39.70 39.14 39.22 38.44 38.70 38.72 38.78 36.97 37.03 38.64 36.60 

8:: 49.46 50.12 47.99 47.38 47.98 47.37 48.30 47.69 47.74 48.31 46.13 45.63 44.94 44.49 42.85 43.23 42.67 42.32 41.83 41.61 41.17 40.87 40.47 40.39 39.43 39.39 39.17 38.94 38.44 38.41 38.72 38.49 36.97 36.75 38.64 34.32 

X 48.71 47.92 44.49 46.94 46.68 45.94 44.99 4%.26 47.07 46.3% 45.04 44.3% 43.93 43.31 42.34 41.81 41.86 41.34 41.08 40.68 40.44 39.98 39.99 39.63 38.41 39.04 38.60 38.19 38.07 37.64 38.14 37.73 38.42 58.03 34.00 35.62 
11.0 47.11 46.18 46.18 46.49 46.62 43.71 41.6% 41.22 40.77 40.04 39.44 39.03 38.13 37.73 37.20 37.28 35.59 36.19 

16.0 44.71 41.91 42.92 43.21 43.40 41.64 40.44 39.40 33.01 38.34 37.80 37.41 36.61 36.26 35.73 36.80 34.19 33.41 
20.0 41.09 39.47 39.50 39.77 40.00 38.46 37.61 36.61 36.19 36.61 35.14 34.40 34.10 33.41 33.30 33.37 31.88 31.64 
26.0 38.03 38.56 38.59 38.86 37.10 36.71 34.95 33.99 33.72 33.11 31.78 32.48 31.84 31.62 31.13 31.20 29.42 29.61 
30.0 35.46 34.09 34.14 34.38 34.66 33.37 32.68 31.83 31.60 31.13 30.74 30.47 29.91 29.71 29.24 29.31 28.03 27.74 
36.0 33.27 31.99 32.05 32.28 32.65 31.38 30.74 29.97 2S.77 29.34 28.98 28.74 28.22 28.06 27.60 27.66 26.47 26.20 

it: 31.38 29.,76 30.19 28.42 30.26 28.48 30.47 28.90 30.74 29.17 23.66 28.14 29.04 27.69 28.34 213.95 28.17 26.78 27.78 24.42 26.10 27.46 27.22 25.89 26.75 25.45 28.69 26.32 26.17 24.91 26.23 24.97 26.10 23.90 24.84 13.67 

it:8 28.31 27.04 27.25 zb.03 27.31 26.09 27.61 24.29 27.78 26.55 26.82 25.64 26.30 26.16 24.69 25.70 25.65 24.45 26.11 24.13 24.91 23.86 24.72 23.67 24.30 23.28 24.18 23.17 23.79 22.80 23.85 22.86 22.84 21.89 22.42 11.68 
40.0 26.90 24.94 26.00 26.19 25.46 24.59 24.13 23.60 23.46 23.17 22.90 22.73 22.34 22.24 21.90 21.96 21.03 20.84 

z:: 24.88 23.W 23.34 23.07 24.02 23.14 24.21 23.32 23.57 24.47 23.64 22.78 23.20 22.36 22.70 21.89 22.58 21.77 22.30 21.60 22.04 21.2% 21.88 21.10 21.63 20.77 20.49 21.44 21.09 20.35 21.14 20.41 20.2% 19.66 20.07 19.38 
z?: 22.34 11.01 21.63 20.24 11.40 10.30 21.77 10.44 22.02 10.70 21.28 W.02 20.90 19.44 20.47 19.27 20.37 19.18 2'3.12 14.95 19.90 14.74 19.76 14.61 ;;S';; 19.34 14.17 19.07 17.97 19.11 18.02 17.28 18.32 ;;.;; 

100.0 19.66 19.13 19.19 10.34 19.68 18.94 16.60 18.24 18.14 17.96 17.75 17.63 17.37 17.31 17.03 17.08 18.38 IS:23 

160.0 15.90 16.32 16.34 15.60 16.71 16.21 14.94 14.49 14.43 14.48 14.32 14.23 14.04 13.99 13.77 13.81 13.26 13.14 
200.0 13.69 13.12 13.11 13.12 13.41 12.88 12.78 12.67 12.63 12.41 12.28 12.20 12.04 Il.00 11.42 11.86 11.69 11.31 
260.0 11.16 11.74 11.41 Il.?0 11.88 11.64 11.42 11.22 11.22 11.10 10.93 10.91 10.16 

%G 11.13 10.37 10.76 10.02 10.63 9.91 10.67 9.s4 10.09 10.83 10.58 9.84 log.;;: . 10.29 9.60 10.30 9.40 10.18 9.50 10.03 W.36 10.01 9.34 

'"9.;; 

9:24 

'"9.;; 

9:18 

1",.gg 

a:03 

1t.u; 1;:;; 

9.04 8.99 9.34 8.72 

4eo.o 9.778 9.444 9.344 9.377 9.618 9.303 9.210 9.054 9.064 4.965 4.837 8.820 8.719 8.669 8.533 8.681 8.493 8.238 

::::: 9.307 6.924 8.990 a.622 4.900 8.634 8.929 8.666 9.064 8.496 8.861 8.602 8.771 8.415 8.627 8.279 8.435 8.287 8.198 6.542 8.421 6.084 8.406 8.068 8.320 7.944 4.263 7.934 8.136 7.812 8.141 7.83% 8.094 7.770 7.855 7.544 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

E/A BE 
gc 12 

!G  AL SI CA n CR IF II aJ GE SE SR 2R no RK 
4 13 14 20 22 24 28 28 29 32 34 38 40 42 46 4:" ~**.**..,***,..**..**~*..**.*******..****.*.***~.**..******.....*.***...*.....****.*.****.*..**..*.*......*****.*.*.***.**...*.*~~*. 

2.5 9.170 6.900 8.333 8.310 8.180 9.719 10.610 11.062 11.460 11.880 12.160 13.000 13.440 13.998 14.210 14.438 14.873 
3.0 6.734 0.810 9.220 9.243 

16.20 
9.084 10.766 11.716 12.318 12.769 13.226 13.688 14.533 16.066 16.670 16.904 16.199 16.830 

3.5 7.306 7.306 10.099 10.168 S.SS6 11.773 12.892 13.662 i4.031 
17.162 

14.628 14.976 16.014 16.614 i7.280 17.634 17.889 16.691 
t:: 7.888 8.484 7.995 8.687 10.978 11.882 11.087 12.013 10.906 11.818 12.782 13.790 14.067 15.217 14.770 16.982 

18.964 
16.286 16.631 16.809 17.079 16.341 17.694 17.487 18.903 18.138 19.644 20.404 18.852 19.125 19.638 20.491 20.727 

20.694 21.163 22.253 22,462 

6.0 9.097 9.386 12.764 12.947 12.737 14.802 16.360 17.193 17.776 16.346 19.042 20.333 21.142 21.9% 22.262 22.773 23.990 
6.5 9.726 10.093 13.667 13.891 

24.179 
13.666 15.821 17.549 18.410 19.023 19.613 20.391 21.763 22.637 23.483 23.806 24.378 26.712 

6.0 10.370 10.811 14.672 14.607 16.727 
26.888 

14.646 16.849 19.634 20.278 20.685 21.744 23.197 24.134 26.022 26.360 26.962 27.427 27.694 
6.6 11.032 11.641 16.499 16.617 15.659 17.887 19.915 20.867 21.641 22.166 23.105 24.637 26.638 26.666 33.916 27.689 29.139 29.302 
7.0 11.711 12.283 16.441 16.800 16.624 18.937 21.116 22.113 22.816 23.466 24.476 26.087 27.160 28.118 28.483 2S.203 30.863 31.015 

8.0 13.12 13.81 18.37 18.81 18.60 21.08 23.56 24.84 25.40 26.07 27.26 29.02 30.21 31.26 31.64 32.46 34.30 34.4? 
9.0 14.60 16.39 20.36 20.88 20.63 23.27 26.06 27.23 28.04 28.73 30.08 32.01 33.32 34.44 34.65 35.76 37.77 

10.0 16.16 17.03 
37.96 

22.40 23.02 22.62 25.62 28.62 29.86 30.74 31.46 32.97 35.06 36.48 37.68 38.12 39.11 41.29 41.61 
11.0 17.77 18.72 24.62 25.22 24.77 27.84 31.26 32.69 33.51 34.24 36.93 38.16 39.72 40.96 41.44 42.63 44.86 45.12 
12.0 19.46 20.48 26.69 27.48 28.99 30.21 33.94 35.36 3S.33 37.08 38.94 41.34 43.01 44.35 44.83 %.Ol 48.49 48.79 

16.0 24.93 26.11 33.59 34.66 33.99 37.69 42.41 44.09 46.21 48.00 48.39 61.28 63.32 64.85 66.40 56.84 59.73 
20.0 35.35 38.64 

80.21 
%.31 47.67 46.88 61.37 67.86 69.96 61.32 62.14 66.49 89.22 71.90 73.76 74.39 76.27 79.77 

25.0 47.32 
SO.62 

48.68 60.50 62.60 61.23 60.61 74.92 77.44 79.04 79.86 84.26 88.87 92.23 94.39 96.10 97.42 101.47 
30.0 SO.77 61.86 76.11 78.78 76.98 S3.07 

102.79 
93.53 98.49 S8.33 99.12 104.62 110.19 114.26 116.70 117.48 120.25 124.82 

35.0 76.64 78.44 93.08 
126.68 

96.36 94.07 100.98 113.63 117.05 119.12 119.66 126.66 133.12 137.94 140.66 141.48 144.70 149.78 162.24 

40.0 91.89 92.26 111.36 116.28 112.46 120.20 135.19 139.06 141.37 142.04 149.99 157.81 163.22 168.20 167.07 170.76 176.31 179.42 
45.0 109.46 109.29 130.89 136.60 132.11 140.69 168.14 162.49 186.03 166.61 174.89 183.82 190.04 193.28 194.18 198.33 204.37 
50.0 128.31 127.49 161.66 166.98 162.98 

208.17 
162.41 182.46 187.30 190.07 190.64 201.21 211.09 218.38 221.86 222.78 227.41 233.92 238.45 

55.0 146.41 146.82 173.62 179.69 175.03 186.33 208.09 213.44 216.44 216.77 228.92 239.99 248.18 261.89 252.84 267.94 284.92 
60.0 169.72 167.26 

270.21 
196.76 203.60 198.24 209.42 236.02 240.87 244.11 244.29 257.97 270.29 279.40 283.34 284.30 289.88 297.36 303.43 

;::: 216.9 192.2 211.3 188.8 221.0 246.4 228.7 264.9 222.6 248.0 234.6 261.0 263.2 292.6 263.6 299.5 273.0 303.2 303.0 273.1 320.0 288.3 301.9 334.9 312.0 346.0 316.2 360.4 317.1 323.2 331.2 338.1 
361.3 367.9 366.3 374.1 

80.0 266.6 269.6 300.3 310.6 3~32.0 316.9 356.0 363.0 367.2 366.6 387.0 404.7 417.9 422.7 423.6 431.2 440.6 450.1 
30.0 321.6 311.6 358.4 370.5 360.2 376.9 422.0 431.1 436.8 434.6 468.6 479.6 496.0 600.1 501.0 609.6 620.0 

100.0 390.7 387.6 
631.3 

420.4 434.6 422.3 441.0 493.4 603.7 608.8 607.1 635.3 669.1 676.9 582.4 683.2 592.8 604.4 617.6 

160.0 734.1 698.9 785.8 811.4 787.8 816.7 911.6 928.6 935.8 930.3 981.4 1023.1 1064.6 1061.4 1061.6 1076.7 
1173.5 

1094.3 ill7.3 
200.0 1106.1 1232.2 1272.1 1236.4 1274.7 1420.9 1445.8 1464.2 1443.1 1622.3 1573.2 1623.8 1641.2 1640.0 1661.6 1676.6 1719.5 
260.0 1666.2 1575.4 1746.1 1801.7 1763.2 1799.9 2005.1 2044.3 2047.3 2029.3 2140.6 2201.5 2273.6 2304.7 2300.9 2333.6 2339.7 2406.6 
300.0 2256.9 2097.9 2316.2 2390.3 2326.5 2382.8 2653.1 2716.4 2704.4 2678.6 2826.2 2897.3 2992.9 3038.4 X31.6 3076.6 3272.6 3166.0 
360.0 2860.8 2666.7 2936.3 3030.6 2353.9 3016.9 3366.7 3446.1 3417.5 3382.8 3567.7 3861.9 3773.0 3833.5 3923.2 3881.3 3966.4 3986.0 

400.0 3651. 3276. 3699. 3716. 3624. 2893. 410s. 4227. 4180. 4136. 4361. 4468. %06. 4682. 4868. 4740. 4714. 4802. 
460.0 'l;l;: 3922. 4302. 4442. 4332. 4410. 4906. 6062. 4986. 4943. 5199. 5311. 6487. 6679. 6661. 5647. 5609. 6786. 
500.0 4599. 5040. 5203. 6075. 5161. 6740. 6916. 6830. 5764. 8077. 6204. 6410. 6618. 6495. 6696. 6646. 8754. 

***.****.*.*.**.I*..*.....***..****.*.**~.*~...*..*.*.***.***.********~~*****.**..********~*.**~*~**.********~*~.~***.*~*~.*~.**~.** 
E/A SE TE BA LA PR St! CD 80 In LU TA rE IR AU PB BI r-l 

60 62 66 57 69 62 64 67 69 71 73 76 77 79 82 83 so s2" 
.**.....**.*....1...**.*.***.*....******.**~.....~*.*~..**.**.*.*.**.*..****..*.*....****.****..********....****..*******.**~.**~*.* 

16.02 16.62 17.92 18.26 18.93 19.88 20.45 21.19 21.62 22.06 22.49 22.96 23.42 23.84 24.39 24.69 26.34 26.90 
lS..O4 18.74 20.04 20.37 21.06 22.13 22.77 23.64 24.13 24.63 25.12 26.63 28.19 26.64 27.23 27.42 29.29 
19.98 20.76 

29.89 
22.07 22.38 23.08 24.28 24.98 25.97 26.51 27.06 27.60 28.15 28.79 29.29 29.90 30.09 32.08 32.71 

21.86 22.73 24.04 24.33 26.06 X.36 27.12 28.22 28.80 29.41 29.99 30.67 31.30 31.83 32.47 
23.70 

32.65 34.76 35.42 
24.66 25.97 26.25 26.97 28.36 29.21 30.42 31.03 31.70 32.32 32.93 33.74 34.29 34.97 36.14 37.37 38.06 

2.6 
3.0 
3.6 
4.0 
4.6 

6.0 
6.5 
0.0 
6.5 
7.0 

8.0 
9.0 

10.0 
11.0 
12.0 

15.0 
20.0 
25.0 
30.0 
35.0 

40.0 

2::: 
56.0 
60.0 

66.0 
70.0 

iKz 
1oo:o 

160.0 
200.0 
260.0 
300.0 
360.0 

400.0 
460.0 
600.0 

26.62 26.57 27.88 28.15 28.88 30.39 31.27 32.68 33.23 33.34 34.60 35.26 38.13 
27.34 

38.71 37.42 37.59 39.93 
28.47 29.78 

40.65 
30.04 30.77 32.38 33.32 34.71 36.40 36.16 38.86 37.64 38.48 33.10 39.64 40.00 42.45 

29.16 30.36 31.67 
43.20 

31.92 32.66 34.36 36.36 39.84 37.56 38.37 39.10 39.81 40.82 41.47 42.24 42.40 44.96 45.74 
30.96 32.25 33.66 33.80 34.64 36.33 37.38 38.36 39.71 40.67 41.34 42.08 43.16 
32.77 

43.83 44.62 44.78 47.45 Q8.26 
34.15 36.46 35.68 38.42 38.31 39.42 41.07 41.86 42.76 43.56 44.33 46.47 48.17 47.00 47.16 49.94 50.78 

36.42 37.96 39.28 39.47 40.21 42.28 43.49 46.32 %.16 47.15 48.02 48.86 60.10 50.87 61.76 61.90 54.91 
40.12 

55.81 
41.82 43.13 43.30 44.04 40.29 47.61 49.69 60.49 51.66 62.61 63.39 64.76 65.58 66.63 66.% 

43.87 
69.90 80.86 

45.73 47.06 47.19 47.93 50.36 61.77 63.91 64.86 56.02 57.03 67.97 59.45 
47.68 

00.32 61.34 61.46 84.93 86.94 
49.70 51.02 61.14 61.88 64.47 65.99 68.28 69.28 SO.62 61.61 62.69 64.19 65.11 68.20 138.31 70.01 71.08 

51.56 63.74 65.06 56.16 55.86 58.64 SO.27 82.71 63.76 66.09 66.24 67.28 68.98 69.36 71.11 71.22 75.16 76.28 

63.68 88.28 67.69 67.60 60.27 71.68 73.61 76.41 77.60 79.17 80.63 81.72 83.75 
85.06 

84.88 88.26 85.32 90.97 92.28 
88.66 89.96 89.81 SO.37 94.69 97.06 100.68 102.10 104.08 105.78 107.23 109.80 

108.36 
111.17 112.93 112.95 118.84 120.46 

112.90 114.18 113.86 114.27 119.44 122.44 126.81 128.46 130.85 132.91 134.61 
133.42 

137.73 139.32 
138.98 139.73 

141.62 141.48 148.69 150.63 
140.23 139.96 146.10 149.68 164.80 166.66 169.48 161.91 163.87 167.55 

160.22 
169.36 172.03 171.93 180.53 182.80 

166.85 168.08 167.36 167.36 174.66 178.73 184.80 186.66 189.93 192.76 194.98 199.23 201.25 204.43 204.26 214.33 216.94 

168.7 196.5 197.6 198.7 196.6 204.7 209.6 216.2 218.4 222.2 226.4 227.9 
218.8 

232.7 236.0 
227.8 228.9 227.7 

238.7 238.4 250.0 263.0 
227.2 236.6 242.0 249.6 252.0 266.1 259.8 262.6 268.0 

260.6 280.7 
270.4 274.7 274.4 

261.8 260.4 
287.6 290.9 

269.6 270.1 276.2 284.4 287.1 291.8 296.9 296.9 
283.8 

306.0 
296.3 

307.6 312.5 312.1 327.0 
296.2 294.6 293.4 

330.7 
305.2 312.0 321.1 324.0 329.1 333.6 337.0 

318.6 
343.7 

331.4 332.3 
346.6 362.0 361.5 388.2 

330.4 328.8 341.6 
372.3 

349.3 369.3 302.4 368.0 373.0 376.7 384.0 387.0 393.2 392.6 411.0 416.6 

354.8 369.1 369.8 367.6 385.7 380.0 388.2 399.0 402.4 408.5 414.0 
392.6 

417.9 426.0 
408.2 408.8 

429.1 436.0 436.3 465.6 
406.4 404.0 419.7 

460.6 
428.6 472.1 440.3 443.9 450.6 456.6 460.8 4S0.8 469.6 472.8 480.6 491.2 488.1 484.8 503.3 513.8 479.6 501.9 607.2 627.3 631.3 

567.0 639.1 646.0 661.0 679.0 561.1 679.1 676.4 671.1 664.8 673.9 672.9 699.1 692.6 804.7 806.4 620.0 
624.6 833.4 841.4 

047.2 
647.0 668.6 

672.6 672.4 SST.9 687.1 
862.6 673.4 672.1 

682.5 700.9 718.2 
702.6 709.8 

723.2 733.2 742.3 748.6 761.8 768.2 778.6 777.0 812.0 820.2 

:::: 1216. 1868. 1213. 1864. :i%: 1829. 1192. 1234. 1892. 1267. 1926. 1966. 1285. 1292. 1976. 130s. 1398. 1324. 2021. 1334. 1366. 1362. 1381. 1442. 1465. 

2617. 
2036. 2OS7. 2103. 2178. 

2811. 
2076. :% : 2214. 

2012. 2692. 
~66;: 4256. x5:, 4382: E%: 4444. 

2743. 2753. 2786. 2819. 2636. 2877. 2929. 3011. 3076. 
E? 

2890. 1937. 
ii:;: 2% E? 3601. 4628. 3611. y;. 3693. 3718. 3769. 3789. 3849. 3s27. 4021. 

4537. . 4660. 4671. 4731. 4768. 4836. 2% . 4917. 6042. 

5081. 6266. 5296. 5266. 6196. 5344. 6416. 6616. 6624. 5688. 6086. 5767. !300:. . 5883. 6866. 6970. 6265. 7311. 6306. 7362. 6272. 7325. 6186. 7223. 6368. 7419. Et;. . ;;I$. GM&. 5791. 6666. 

%2 . 7646: 

6754. SS37. 6a78. 

. 7663. 7872. TOSS. 8016. EX. . 

6SS7. 7061. ;;O;. 

8119. 8241. 8469: 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

187 
mmnam srarvm mvcn II UNITS OF mv/(ac/sp a) SE 101s 

76 

s/r ,leg 9” 12m 13fi 14= 22’ lZTI 24cR 2sw mUI 2sw 32GE 3aSE 3sSR 4om 42Ho uw 4;G .+..~...L.+*.*........*...*..*.....*..~~..*...........~~.*.**.*........*~...*.*.*..*~..****.****..**.....*..*****.*..*.*****..*....* 3:: 196.1 104.9 129.3 132.9 103.8 106.7 1%: 
101.0 1Ol:Z 

ii% 
lO2:4 102.4 

Z:: 76.8 78.3 E.8 

76:l 76 8 

69.2 61.9 66.1 68.8 68.9 64.1 63.4 54.1 61.3 46.9 48.9 47.7 

s.: 102.1 168.7 134.8 136.0 106.9 100.2 i:: 79.6 Z.8 2.: zt k?; 69:0 57.0 66.8 51.0 52.4 ii:: 

4:6 164.9 134.2 106.1 100.4 101.9 92.4 z:; 7710 ;t*: . Et E:Y 85:1 s2:1 %Q:3 69.6 57.6 53.3 2: 

::: 161.0 147.1 132.9 131.1 104.0 102.8 23 . ‘22 . 91.9 ES? ;g’. 8 EX z:: 89.2 69.1 86.2 62.3 2: 2: 58.0 63.9 64.3 Et: 

8.8 101.4 
7:o 

143.3 139.7 127.1 129.2 
'"I&.; . 

EP 
94:3 

ix 2: 
38:l z:a 

:zz 
7714 

76:o 76.3 74.1 73.6 T?: s.x lZ:Z 
7211 8718 ES 

61:s i2.: z?i e&o 
t?o:o 2: . 

s7:9 EC: 64.4 64.6 Lx 
136.2 124.9 74.6 72.9 61.6 57.7 54.4 54:4 

8:: 123.6 129.7 12O.d 116.4 tz . 28 Et Ei:: 76.6 73.9 2:: 70.0 71.6 70.6 

x 118.4 113.6 112.3 108.6 tit*: z-i 9%:2 Fkz 72.1 zvi 0.6 Ed t!g 

80.6 69.2 

12:o 94:s 8l:S E-9 . 77:9 z?+ . 04:s 2:: E:! g:; . 
I:; 59'6 
69:3 

it*: 67:3 ::: 

R: 67.0 68.2 64.0 63.4 tE 

E:: 66.2 54.3 62.7 62.0 62:2 61.4 
109.0 106.0 66.1 E:A 64.7 63.3 51.2 60.6 

16.0 97.77 96.60 78.36 76.3% 77.18 72.46 %4.06 42.26 41.26 61.04 57.60 64.82 62.86 61.92 61.64 60.41 46.70 47.69 

28 8J.92 73.96 93.61 74.47 %9.66 42.96 97.08 Bo.49 %%.82 62.33 66.02 69.17 67.66 62.68 66.19 61.33 66.39 60.67 60.71 66.33 47.92 62.26 49.84 46.76 48.16 44.27 47.40 43.88 43.62 47.20 46.18 42.64 44.90 41.62 43.99 40.70 

2:: %%.41 00.48 67.46 61.8% 67.64 63.30 66.61 61.47 67.16 62.93 64.46 SO.67 49.47 46.07 47.38 44.10 48.82 43.42 48.91 43.74 44.36 41.38 42.40 33.69 41.06 38.36 40.66 37.93 40.44 37.66 39.67 37.17 39.84 38.46 37.94 36.69 

ii?: 66.48 61.71 63.42 67.27 49.70 46.84 48.01 46.08 49.40 4%.40 47.31 44.63 42.21 39.7% 41.33 38.38 40.91 38.69 41.0% 38.76 38.86 38.68 37.20 36.14 38.06 34.06 36.69 33.76 36.64 33.72 36.02 33.16 34.40 32.61 33.68 31.83 

8o:o E.8 

46.37 60.16 44.02 42.6% 43.82 42.12 37.64 Jo.91 38.67 x1.76 34.79 33.34 32.33 32.07 32.04 31.63 31.04 30.29 

46.60 43.02 47.36 44.90 41.73 39.72 40.3% 38.43 41.67 39.69 40.01 38.1% 36.78 34.14 36.10 33.61 34.60 33.23 
34.98 33.13 31.77 30.81 30.68 30.66 30.09 29.64 28.93 
33.42 31.46 30.36 29.4% 29.26 29.26 28.81 28.39 27.72 

86.0 40.86 42.74 37.94 3%:71 37.83 3%.60 32.68 32.08 31.63 32.03 x).34 29.11 28.25 28.07 26.07 27.46 27.27 26.43 
70.0 39.92 40.83 36.36 36.16 36.2% 36.02 31.37 30.81 30.67 30.77 29.1% 27.98 27.16 27.00 27.00 26.62 26.26 26.64 

100:0 it8 

36.48 37.67 33.62 32.66 33.56 32.47 29.10 26.90 28.40 28.90 27.11 26.03 26.27 26.14 26.16 24.81 24.48 23.93 

33.03 30.83 34.91 32.48 31.36 29.46 28.64 30.37 29.42 31.31 30.34 26.64 26.82 17.22 26.76 26.20 zB.69 26.06 26.79 26.26 26.39 23.94 23.00 24.39 23.68 22.34 22.25 23.68 23.60 22.27 23.29 22.00 22.99 21.72 22.49 21.26 

160.0 23.49 26.3% 23.09 22.40 23.09 22.60 20.23 19.93 19.84 20.03 19.01 18.28 17.76 17.73 17.76 17.67 17.36 17.03 
200.0 19.72 21.46 19.60 18.98 19.46 19.12 17.18 14.8% 16.91 17.10 16.21 16.96 16.43 16.10 16.16 14.35 16.10 14.67 
260.0 17.39 18.99 i7.3S 16.84 17.23 14.99 16.28 14.84 16.06 16.24 14.46 14.22 13.76 13.48 13.63 13.30 13.49 13.03 
300.0 16.77 17.27 15.84 16.34 16.70 15.60 13.94 13.42 13.76 13.93 13.21 12.99 12.67 12.33 12.38 12.18 12.34 11.93 
360.0 14.69 14.00 14.49 14.23 14.66 14.39 12.96 12.48 12.76 12.94 12.28 12.08 11.49 11.47 11.62 11.34 11.49 11.11 

400.0 13.47 16.03 13.80 13.37 13.49 13.63 12.18 11.76 12.03 12.19 11.67 11.37 11.01 10.81 10.86 10.69 10.83 
460.0 12.9% 14.2% 13.10 12.49 13.00 12.86 11.68 11.16 11.44 11.69 11.00 10.81 10.46 10.28 10.33 10.30 

'"9:;; 

600.0 12.38 13.64 12.64 12.14 12.44 12.31 11.08 10.71 10.96 11.10 10.64 10.36 10.03 9.86 9.91 
'",:;;I 

9.80 9.66 

.**..*C..*..**.*~.*...*....*....*~*****.*~...*****~*~****..*.**.*.****.*..**...**.~*~*..*.*.*.....*.~...*....~*....~~~~***.~.....*~* 

wA 60% 622E 6%81 67" 6SpR %zSn mGD %TEa 8Sm 71L" 73*' 7gRE 7Yrn 79'" 82pB 83B1 SOm 92" 
**........".............*.**.......**..*.*....*.***...*~***...**....*.*..**.****..***.*.*.....~....***.**...*..*.....*....~.**...*. 

f.Fi 
3:6 

44.67 47.18 42.47 46.00 42.49 46.00 42.78 46.30 42.37 44.95 42.46 39.92 38.66 41.17 38.49 38.99 36.69 39.21 34.76 37.24 34.07 38.64 33.61 36.98 32.29 34.73 31.87 34.28 31.62 33.89 31.80 33.97 30.29 32.62 29.94 32.16 
QB.92 IO.69 rM.69 47.00 48.70 44.20 42.90 40.74 39.97 33.00 38.29 37.71 38.48 36.00 36.68 36.88 34.12 33.72 

t:: 60.07 60.81 47.82 10.66 47.81 4%.63 QB.12 48.86 47.68 48.66 46.39 46.19 44.08 44.89 41.9% 42.81 41.22 42.09 40.26 41.13 39.64 40.41 38.38 39.84 37.74 38.64 37.24 38.14 38.80 37.67 38.88 37.76 36.26 38.08 34.86 36.68 

2: 61.26 61.4% 49.99 49.23 48.97 49.21 49.30 49.63 49.14 49.41 48.70 47.01 46.41 46.73 43.38 43.76 42.66 43.08 41.74 42.14 41.03 41.44 40.46 40.88 39.27 39.71 38.77 39.21 38.29 38.72 38.37 38.80 38.66 37.06 36.23 36.63 

8.: 
710 

61.64 61.49 49.31 49.27 49.26 49.28 49.61 49.67 49.62 49.61 47.16 47.18 46.94 46.89 43.98 44.08 43.31 43.43 42.39 42.62 41.49 41.63 41.14 41.29 40.00 40.17 39.60 39.68 39.00 39.17 39.26 39.08 37.32 37.48 38.89 37.04 
61.34 49.14 49.12 49.45 49.41 47.12 46.90 44.09 43.46 42.6% 41.88 41.36 40.26 39.76 39.24 39.32 37.66 37.11 

1o:o 2: 

60.86 48.70 48.49 49.01 49.02 48.81 46.61 43.87 43.29 42.44 41.77 41.2% 40.21 39.74 39.20 39.28 37.61 37.07 

49.48 60.21 49.11 47.42 49.09 47.41 49.41 47.72 49.46 47.81 46.32 46.74 46.1% 44.41 43.60 43.02 42.96 42.61 42.13 41.71 41.48 41.08 
40.99 39.98 
40.61 39.64 39.62 39.20 

38.99 39.00 37.29 38.87 
38.66 38.73 38.98 38.66 

11.0 49.49 49.68 4%.67 4%.99 471.10 46.09 44.00 42.47 41.99 41.22 40.61 40.16 39.22 38.79 38.26 38.33 38.69 38.18 
12.0 47.99 46.92 46.92 4%.23 4%.3% 44.42 43.3% 41.89 41.44 40.49 40.10 39.66 39.76 38.34 37.80 37.88 33.16 36.76 

x 
26:0 

46.48 41.86 43.66 40.19 43.66 40.22 43.9% 40.60 44.14 40.73 42.36 39.16 41.38 J8.29 40.07 37.17 39.66 30.86 33.00 36.26 38.46 36.77 38.06 36.43 37.23 34.71 38.87 34.42 38.33 33.90 38.41 33.97 34.77 32.46 34.38 32.11 
J8.74 37.26 37.29 37.66 37.81 3%.39 36.61 34.64 34.36 33.84 33.40 33.03 32.46 32.21 31.72 31.78 30.38 30.07 

$2 33.16 33.94 34.76 32.66 34.81 32.70 36.0% 32.93 36.33 33.21 34.03 32.01 33.33 31.36 32.46 30.68 32.22 30.37 31.76 29.93 31.34 29.66 31.07 2S.31 30.60 28.79 30.29 28.61 29.81 28.16 29.86 28.22 28.67 27.00 28.28 26.73 

g:i 
ss:o 

32.04 30.38 29.82 30.82 29.23 27.83 30.88 29.29 27.90 31.10 29.61 28.10 31.38 28.38 29.76 30.2% 28.74 27.39 29.6% 28.18 26.87 28.94 27.61 26.26 28.76 27.34 28.09 28.36 28.97 26.76 28.01 lb.66 26.44 27.76 26.44 26.24 27.30 26.99 24.82 27.14 25.86 24.70 25.43 26.71 24.30 26.77 26.49 24.36 26.62 24.40 23.33 26.37 24.17 23.10 
27.03 29.40 26.66 26.86 27.13 2%.20 26.70 26.12 24.98 24.66 24.37 24.18 23.78 23.47 23.29 23.36 22.36 22.16 

60.0 2%.48 26.49 26.6% 26.76 2%.02 26.13 24.6% 24.12 23.98 23.68 23.40 23.23 22.86 22.76 22.38 22.44 21.49 21.29 

A:: 26.44 24.61 23.90 24.60 24.6% 23.98 24.76 23.84 24.11 26.01 23.29 24.17 23.72 22.8% 23.21 22.38 23.08 22.26 21.99 22.79 22.63 21.74 21.68 22.36 21.24 22.01 21.91 21.16 21.66 20.81 20.86 21.61 20.71 19.99 20.62 19.81 

100: 2: 0 

22.97 22.03 22.10 22.27 22.62 21.77 21.38 20.94 20.83 20.68 20.35 20.21 19.90 19.82 19.60 19.66 18.74 18.67 

21.60 20.32 20.71 19.68 20.77 19.44 20.94 19.80 21.18 20.04 20.49 19.3% 20.12 19.04 19.72 18.47 18.69 19.62 19.39 18.37 19.18 18.17 19.04 18.04 
18.7% 

17.72 18.49 
18.39 18.44 17.48 17.52 

17.78 17.43 17.46 14.7% 16.61 

160.0 14.29 16.70 16.76 16.88 14.10 16.69 16.32 16.06 14.99 14.84 14.68 14.66 14.38 14.34 14.11 14.16 13.58 13.46 
200.0 13.94 13.46 13.46 13.6% 13.76 13.32 13.11 12.89 12.86 12.72 12.68 12.61 12.34 12.30 12.12 12.16 11.99 11.60 
260.0 12.47 12.04 11.90 12.0% 12.18 11.83 11.71 11.61 11.61 il.38 11.21 11.19 11.07 10.98 10.81 10.84 10.42 

%:8 11.42 10.64 11.03 10.28 10.91 10.17 10.96 10.20 11.11 10.36 10.86 10.12 10.74 10.02 lOg.;Fe . '"g.;; . '"9.;: . lOg.i-2 . lOgA; . '"9':; 10.09 9.42 9.93 9.27 Z:E '",.I; 9:23 X% . 

2%: %2 9.49 9.69 9.42 9.07 
6oo:o 9:rs X-E . x-:: . t*:;: . 

X% 
s:93 

9.66 9.10 9.46 9.00 i-E 
e:eo 

9.30 6.88 X-E 
8142 X% , 

9.06 8.63 8.9% 8.64 8.90 8.48 8.7% 8.36 8.79 8.38 8.72 8.31 2% 
8.73 4.64 6.61 6.28 8.20 8.16 8.02 8.04 7.98 7.74 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

181 
ItAlOE II WEITS OF WSQ Ql R6 IOfS 

76 

WA BE 
*" 12 

Is AL SI CA IT CR FE PI aJ GE SE SR zn no RK 
4 13 14 20 22 24 29 28 29 32 34 38 40 42 46 4;" 

.*...,*.*..**..*~..,.....****~.........**..*.*.*.**.***~*...*~..*...****.*.......**.****..*.......***..~.*.****....*~*..**.*...**..* 

::i 6.210 6.774 6.644 6.930 8.382 9.273 9.297 8.360 8.210 9.138 10.822 9.780 11.781 10.670 11.107 12.380 11.600 12.816 11.93D 13.262 12.200 13.644 13.070 14.612 13.610 16.13S 14.069 16.746 14.280 lb.984 14.611 16.263 14.961 16.920 16.340 17.243 

i:i . 7.346 7.929 8.626 7.342 8.036 8.729 10.166 11.037 11.923 10.223 ii.148 12.076 10.063 10.966 11.881 11.843 12.860 13.867 14.133 16.297 12.9134 14.842 16.067 13.619 14.096 16.364 16.604 14.692 16.878 17.162 16.041 16.412 17.769 16.101 17.669 19.001 18.232 19.744 18.701 17.3tlS 18.946 20.604 17.622 19.221 20.797 17.982 19.639 21.269 16.791 20.600 22.368 22.678 19.066 20.837 

6.0 9.137 9.429 12.817 13.012 12.802 14.682 16.464 17.273 17.862 16.422 19.121 20.436 21.246 22.060 22.360 22.886 24.112 24.302 

:': 
6:s 

10'406 9 764 
II:0139 

10 10.866 137 
Ii:666 

13 14'637 721 
16:666 

13 14'916 966 
16:886 

13 14'876 733 
16:628 

16 16'932 903 
171973 

18 17.636 816 
2Q:OOB 

18.492 19 719 
20:966 

19.103 20 360 
21:626 

19.693 20 969 
22:262 

21 20.474 831 
231194 

21.870 23 307 
24:760 

22.746 24 247 
26:764 

23 26‘136 693 
2S:SSS 

23.918 26 476 
271038 

24 2S.103 496 
271714 

26.839 27 669 
2S:276 

26.010 27 727 
29:439 

7.0 11.746 12.327 16.608 16.870 16.694 19.024 21.208 22.202 22.902 23.643 24.668 26.202 27.288 28.237 28.606 2S.331 30.993 31.166 

1o:o 2: 

13.16 13.86 18.44 18.88 18.67 21.17 23.66 24.73 26.49 2S.16 27.36 23.14 30.33 31.38 31.77 32.69 34.44 34.61 

14.63 16.18 16.43 17.07 20.42 22.47 20.96 23.09 20.60 22.69 23.36 26.61 26.16 28.72 27.32 29.97 X1.84 28.13 31.66 28.83 30.18 33.07 36.18 32.13 33.44 36.61 34.66 37.81 34.98 38.26 39.26 36.90 37.92 41.44 38.11 41.88 
11.0 17.79 la.76 24.68 26.28 24.84 27.93 31.34 32.68 33.60 34.33 3S.02 38.29 39.84 41.11 41.68 42.67 46.01 46.27 
12.0 19.47 10.61 26.76 27.66 27.06 30.30 34.03 36.46 3S.42 37.18 3S.04 41.46 43.14 44.48 44.97 46.16 48.64 48.96 

16.0 24.91 2t3.12 33.64 34.71 34.06 37.77 42.60 44.17 46.29 46.06 48.48 61.39 63.44 64.98 66.63 6S.98 69.88 80.36 
E 36.27 47.17 313.61 48.49 So.46 46.32 47.83 62.66 61.20 40.90 139.61 61.42 74.91 67.91 77.43 60.00 61.37 79.04 62.19 79.86 66.64 84.26 139.30 88.90 71.99 92.26 73.64 94.42 74.49 96.14 76.37 97.47 101.63 79.86 102.86 60.74 

Gi:: SO.64 76.31 61.70 76.19 76.01 92.89 78.67 98.17 76.86 83.90 100.S3 83.00 113.47 93.46 116.88 9'3.41 118.96 98.26 119.71 99.06 104.64 126.38 110.14 132.98 114.22 137.80 116.66 140.62 117.44 141.36 120.22 144.68 124.80 149.67 126.67 162.13 

40.0 91.44 91.92 111.07 114.99 112.20 119.96 134.93 138.80 141.11 141.79 149.72 167.36 162.96 166.96 166.83 170.61 176.08 179.19 
46.0 108.88 108.64 130.61 136.11 131.74 140.36 167.76 162.11 164.66 166.24 174.60 183.24 189.66 192.90 193.81 197.97 x)4.01 207.81 
60.0 127.69 126.91 161.16 166.47 162.49 161.96 181.94 186.78 189.66 190.03 200.68 210.67 217.86 221.33 222.27 226.89 233.41 237.93 
66.0 147.63 146.10 172.9.3 179.04 174.40 184.74 X7.43 212.77 216.77 216.12 228.23 239.31 247.48 261.20 262.16 267.26 34.26 269.63 
80.0 168.68 166.39 196.96 202.79 197.46 208.67 234.19 240.04 243.20 243.47 267.11 269.43 278.63 282.47 283.44 289.02 298.49 302.66 

66.0 191.0 187.7 220.0 227.7 221.6 233.7 262.2 268.6 272.0 272.1 287.3 300.9 310.9 316.1 316.1 322.2 330.1 337.0 
70.0 214.4 210.1 246.2 263.7 246.9 269.9 291.4 298.3 3O2.0 301.9 318.7 333.7 344.7 349.1 360.1 366.6 386.1 372.8 
80.0 284.7 267.9 296.8 309.0 300.6 316.4 363.4 381.4 366.6 364.9 386.3 403.0 416.2 420.9 421.9 429.6 438.9 448.3 
90.0 319.2 309.6 366.4 3138.6 368.3 376.0 419.9 429.0 433.6 432.8 466.8 477.3 492.7 497.8 498.7 607.3 617.7 629.0 

100.0 377.9 366.0 418.0 432.1 420.0 438.6 490.7 601.1 606.1 604.6 632.6 666.3 674.0 679.6 680.3 690.0 801.6 614.6 

160.0 728.0 693.6 760.3 806.8 782.4 811.3 906.6 922.6 929.7 924.3 976.1 1016.6 1047.9 1064.7 1064.9 1070.0 1087.6 1110.6 
200.0 1163.3 1097.1 1222.7 1262.4 1226.0 1266.3 1410.4 1436.2 1443.6 1432.7 1611.2 1662.0 1612.2 1629.8 1628.6 1649.9 1064.9 1707.6 
260.0 1670.0 1661.9 1730.9 1787.1 1739.0 1786.6 1989.3 2028.2 2D31.2 2013.6 2124.0 2164.6 2266.1 2287.0 2283.4 2316.8 2322.0 2386.3 
300.0 2236.0 2079.4 2296.6 2370.0 2308.8 2362.9 B31.1 1692.9 2882.2 2666.6 2802.1 2873.8 2968'.6 3013.9 3007.2 3061.9 5040.0 3139.7 
360.0 2863.6 2642.7 2911.9 3004.0 2928.1 2990.0 3327.9 3416.6 3388.4 3364.0 3637.4 3621.1 3741.2 3801.3 3791.1 3848.8 3834.3 3962.8 

400.0 3%. 3246. 3667. 3tw3. 3691. 3661. 4073. 4190. 4143. 4o99. 4323. 4420. 4666. 4642. 4028. 4699. 4873. 4820. 
460.0 

4968: 
3886. 4263. 4401. 4292. 4370. 4861. 6006. 4941. 4887, 6162. 6264. 6438. 6630. 6611. 6697. 6669. 6736. 

600.0 4666. 4993. 6166. 6028 6114. 6687. 6869. 6777. 6711. 6021. 6148. 6362 8469. 8436. 6638. 6487. 6893. 

..*...*..***.....1.......***...**..........*.*........*.~.**.......*.*.*~......*..*.**~.........*.*.*.........*.*.*~....~*...~*..**. 
El). SU TE B). LA PFt St! GD 80 In LU TA RE IR AU FK 61 IK 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 83 30 s2" 
.*..**.*.1.*..**11.*.**..***..*..*~....*..***~*.~~...~..****..*...**~.**...~*.~.*~****~**.*~**.*.*.~.~.*.....~***......****.*~...~.~ 

2.6 16.10 16.70 18.01 la.36 19.02 19.98 20.66 21.29 21.73 22.16 22.69 23.06 23.62 23.94 24.49 24.69 26.46 27.02 
3.0 18.13 18.83 20.14 20.47 21.16 22.24 22.89 23.76 24.26 24.76 26.23 26.74 28.30 26.76 27.34 27.64 29.43 30.03 
3.6 20.08 20.87 22.18 22.49 23.20 24.40 26.11 26.10 26.64 27.19 27.73 20.28 28.93 29.42 30.03 30.22 32.23 32.86 
4.0 21.97 22.86 24.16 24.46 26.17 26.48 27.28 28.36 28.94 29.66 30.13 30.71 31.44 31.97 32.61 32.80 34.92 36.69 
4.6 23.82 24.79 26.10 26.38 27.11 28.63 29.36 30.67 31.19 31.86 32.47 33.09 33.89 34.46 36.12 36.30 37.64 38.24 

6.0 26.66 26.70 28.02 28.29 29.02 30.64 31.43 32.74 33.39 34.10 34.76 36.41 38.29 36.88 37.68 37.76 40.11 40.84 

k! 
a:6 

27.47 29.28 30.60 28.60 31.82 29.92 30.18 32.07 Jo.92 32.81 34.62 32.63 33.48 36.62 34.88 37.01 36.67 37.73 36.33 38.64 37.03 39.28 39.99 37.71 38.66 41.00 41.66 39.28 40.01 42.42 40.19 42.68 42.66 46.16 43.40 46.96 
31.10 32.40 33.72 33.96 34.70 58.60 37.66 39.14 39.89 40.76 41.62 42.26 43.33 44.01 44.81 44.97 47.66 48.48 

7.0 32.92 34.30 36.62 36.84 36.69 38.40 39.69 41.26 42.04 42.94 43.76 44.62 46.66 46.37 47.19 47.34 60.16 61.00 

8.0 38.68 38.12 39.44 39.64 40.38 42.46 43.68 46.61 46.36 47.34 48.22 49.06 60.30 61.07 61.96 62.10 66.13 66.04 
9.0 40.26 41.88 43.30 43.48 44.22 46.48 47.80 49.79 60.69 61.76 62.71 63.69 64.87 66.79 66.74 66.87 W.13 61.09 

10.0 44.03 46.90 47.22 47.37 48.10 60.64 61.96 64.11 66.06 66.22 67.24 68.17 69.66 60.64 61.66 61.68 06.17 86.19 . 
11.0 47.84 49.67 61.19 61.31 62.04 64.SS 66.18 68.49 69.49 So.73 61.82 62.81 64.41 66.33 68.42 88.63 70.26 71.33 
12.0 61.71 63.91 66.23 66.33 66.06 68.84 SO.46 82.92 83.97 66.30 86.46 67.49 69.20 70.18 71.34 71.44 76.39 76.63 

16.0 65.73 S8.44 67.76 67.77 68.46 71.77 73.71 76.61 77.80 79.38 80.74 81.93 83.97 86.10 88.47 8S.64 91.21 92.62 
2X3.0 86.18 88.78 SO.09 89.96 90.61 94.74 97.21 100.86 102.27 104.26 106.96 107.40 109.98 111.36 113.12 113.14 119.06 120.67 
26.0 106.41 112.SS 114.26 113.94 114.36 119.63 122.66 126.92 128.66 130.96 133.02 134.73 137.86 139.44 141.66 141.61 148.84 160.78 
32.0 133.40 138.97 140.23 139.73 l39.96 146.12 149.71 164.82 166.68 169.61 161.94 163.SO 167.69 169.40 172.07 171.97 180.69 182.86 
36.0 160.11 166.74 167.96 167.26 167.27 174.47 178.64 184.62 186.69 189.86 192.67 194.90 199.16 201.18 204.36 204.18 214.27 216.89 

40.0 1813.6 196.2 197.4 lSS.6 196.3 204.6 209.3 216.0 218.2 222.0 226.2 227.7 232.6 234.7 238.6 238.2 249.8 262.8 
46.0 216.6 227.4 228.6 227.4 226.8 236.2 241.7 249.1 261.6 266.8 269.4 262.2 267.6 270.1 274.4 274.0 287.2 290.6 

ES 260.0 283.1 29O.2 194.6 261.2 296.6 269.9 293.9 269.0 292.7 304.6 269.6 276.7 311.3 320.3 283.9 323.3 286.6 291.3 328.4 332.9 296.3 336.3 198.4 304.6 343.0 3O7.1 346.8 312.0 361.3 311.6 360.8 326.4 387.4 330.2 371.6 
60.0 317.7 330.6 331.4 329.6 327.9 340.9 348.4 368.3 301.6 M7.1 372.1 376.7 383.1 386.1 392.3 391.6 410.1 414.6 

66.0 363.7 367.9 368.7 3SS.6 M4.6 378.9 387.1 397.9 401.2 407.4 412.8 416.8 424.8 427.9 434.8 434.1 464.4 469.3 
70.0 391.2 406.8 407.6 406.0 402.7 418.3 427.3 438.9 442.6 449.1 466.1 469.3 468.1 471.4 479.0 478.2 600.4 606.7 
80.0 470.2 488.9 489.3 499.2 483.0 601.4 611.9 626.4 629.4 637.1 644.0 649.0 669.1 662.8 671.9 670.8 697.0 803.3 
90.0 664.6 676.6 676.7 672.9 668.7 680.0 602.1 617.6 621.9 630.6 838.8 644.3 666.0 680.0 670.7 SM.4 699.6 707.0 

100.0 844.1 MS.4 SW.3 SS4.8 669.6 683.9 697.7 716.0 719.9 729.9 739.0 746.3 768.4 762.8 776.2 773.6 808.6 816.7 

160.0 
::x;. :i%. :E. 

1197. 
:i::, 

1260. 1278. 1286. 1327. 1348. 1364. 1376. 1373. 1433. 1447. 
200.0 

2498 : 2691: 2692: 
it;;: 

2641: 
:z. 
262s: 

1913. 1962. 1962. E:: k%X~ 
2798 : 

2022. 2063. i%: pm: y& 2163. 2200. 
260.0 2670. 2723. 2733. 2766. 2816. 2866. 
300.0 3283. 3404. 3414. z:. E;: 3434;: 3606. 3673. 3682. 3824. 3670. 3S99. 3739. 2:: 
360.0 4132. 4283. 4303. . 4408. 4491. 4600 4662. 4612. 4632. 4693. 

m;. 
. 

g. 
. 

Ef: 
. 

3:; 
6001. 

E:Z 6038. 6993. 6211. 6221. 6261. 
%c . 

6216. 6221. 6161. 6132. 6303. 6299. 0384. 6370. 6601. 6469. 6608. 6478. 11582. 6640. 6614. SS71. S696. 6837. ;;M: 6742. 
%E: 

6834. 6928. 6907. 6816). 7020. 6S20. 8077. 7211. 
600.0 6993. 7246. 7260. 7169. 7363. 7446. 7679. 7686. 7671. 7776. 7803. 7896. 8071. 8047. 8169. 8396. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

191 
eLECTROlIC STOPPIlG WUER II IJUTS OF REV/(l’lG/SQ Cl'!) OS 101s 

‘74 

E/A BE 
6c 12 

Ki AL SI CA II CR Fe 11 aJ GE SE SR 2n no RB 
4 13 14 20 22 24 24 28 23 32 34 38 40 42 45 4” 

..**....I.*~..*.*.+***.**.*.*~*.*...******...**~.~*.*...*****.~.****~**..**.....*...**....*.*...*****...**.*.****.**.**~*****~*.**.~ 
::: 168.6 147.4 129.6 134.3 106.0 106.9 101.8 39.8 100.7 102.9 2.: TX ea.2 71.2 ~~~ 82.6 69.7 ii.9 54.6 67.6 ii.; . 61.8 

i:: 104.7 101.2 130.4 136.7 107.6 107.3 102.6 102.3 103.7 103.7 l7:0 
93:6 E::, 

7417 75.6 2.: 
74:6 

68:s 69.5 z:: el:2 42.3 69.3 iit: :*: 57:e 
4.5 167.5 136.1 106.6 101.7 103.2 76.9 69.9 86.9 62.9 2: 9014 68.4 

6.0 163.4 134.8 106.6 43.1 41.4 

23 Et3 

54.4 66.1 

i:: 149.7 146.9 133.1 131.2 102.9 104.3 22 41.4 61.4 56.0 65.2 55.3 66.4 

S:! 142.3 138.7 129.1 126.3 101.6 100.0 42:s 42.4 41.1 63.8 z?t 0:3 Ef 68:s 66.7 65.2 66.3 55.1 

8.0 132.2 122.6 97.1 
g:: 

34.9 
E:Z 

76.8 74.2 72.4 71.9 67.7 
Z:i 

61.6 80.0 69.5 67.8 
to”.: 

11:o 

126.2 120.7 118.4 114.3 2: 92.2 76.0 73.3 X 71.1 89.6 70.6 88.4 So.6 63.3 59.1 
F8 

67.0 E:i 

116.8 110.6 
12.0 111.3 106.9 ii:: 

.%I 
ru:o 

x 
84:s 

71.6 
il?:S z:: 

G.8 
66:1 

EI: 
8214 

FAG 
89.8 69:s . k?: 

i?: 
66:s 

66:s EC: !E 
66.6 54:1 61:3 

16.0 99.81 97.47 79.78 76.73 78.58 73.73 06.18 63.34 62.32 62.11 68.61 66.77 53.80 62.81 62.52 61.27 49.63 48.71 
Ei:: 76.80 86.74 86.23 76.06 64.21 70.98 41.90 68.37 70.13 63.67 a.33 66.24 63.61 68.73 62.33 67.23 66.41 61.86 51.68 66.36 48.86 63.23 44.64 60.76 46.11 49.03 48.28 44.49 44.34 48.06 43.44 47.01 42.41 46.71 41.47 44.79 

30.0 67.92 68.93 68.82 56.76 68.33 65.56 49.44 48.33 47.74 47.84 46.24 43.24 41.84 41.34 41.24 40.46 39.60 38.68 
36.0 61.88 63.23 64.42 62.64 64.04 61.62 46.00 46.01 44.61 44.63 42.22 40.39 39.12 38.49 38.62 37.92 37.19 38.31 

40.0 54.98 68.55 60.74 49.03 60.46 48.31 43.09 42.20 41.77 41.91 39.66 37.97 36.79 36.43 38.37 36.74 36.11 34.27 
46.0 62.93 64.64 47.64 46.08 47.41 45.48 40.61 39.79 39.41 39.67 37.46 36.88 34.78 34.47 34.43 33.86 33.29 32.49 
60.0 49.52 61.32 44.99 43.49 44.78 43.04 38.46 37.71 37.36 37.64 36.54 34.06 33.03 32.75 32.73 32.20 31.70 30.93 
66.0 46.69 48.46 42.67 41.26 42.49 40.30 36.67 35.87 36.54 36.76 33.86 32.44 31.48 31.24 31.23 30.74 30.28 29.66 
60.0 44.06 46.96 40.02 39.30 40.48 33.01 34.90 34.25 33.97 34.14 32.38 31.03 30.11 29.90 29.89 29.44 29.01 28.32 

%8 
8o:o 

41.84 39.88 43.76 41.80 38.81 37.19 37.65 36.99 38.69 37.09 37.33 36.82 33.41 32.08 32.80 31.60 32.55 31.27 32.74 31.44 31.02 29.81 28.61 29.76 28.88 27.77 28.69 27.60 28.69 27.60 28.27 27.21 27.87 26.84 27.22 28.21 
36.66 38.48 34.41 33.31 34.33 33.22 29.77 29.26 29.06 29.28 27.73 26.62 25.84 26.71 26.72 26.38 26.04 24.47 

30.0 33.86 36.75 32.10 31.09 32.06 31.06 27.86 27.38 27.21 27.41 26.98 24.96 24.23 24.13 24.14 23.83 23.52 23.01 
100.0 31.00 33.48 30.14 29.22 x).12 29.22 26.22 26.79 25.64 25.84 24.60 23.64 22.86 22.77 22.80 22.61 22.23 21.76 

160.0 24.29 26.99 23.67 22.96 23.64 23.06 20.73 20.42 20.32 20.62 19.47 18.73 18.20 18.16 18.19 17.99 17.77 17.46 
200.0 20.23 22.00 20.09 19.46 19.94 19.60 17.41 17.29 17.34 17.63 14.42 14.34 16.81 16.48 16.53 16.32 16.48 14.93 
260.0 17.84 19.48 17.83 17.27 17.07 17.43 16.47 15.22 16.46 16.43 14.82 14.68 14.10 13.82 13.88 13.64 13.83 13.36 
300.0 lb.18 17.72 14.26 16.74 16.10 16.90 14.30 13.74 14.11 14.28 13.66 13.33 12.89 12.44 12.70 12.49 12.66 12.24 
360.0 14.96 14.42 16.07 14.60 14.94 14.76 13.23 12.80 13.11 13.28 12.40 12.39 11.99 11.77 11.82 11.43 11.79 11.40 

400.0 14.03 16.42 14.14 13.72 14.06 13.89 12.60 12.06 12.36 12.51 11.87 11.67 11.29 11.09 11.14 10.96 11.11 10.75 
460.0 13,30 14.64 13.46 13.02 13.34 13.19 11.88 11.47 11.74 11.83 11.29 11.03 10.74 10.65 10.40 10.44 10.67 10.24 
600.0 12.71 14.00 12.87 12.44 12.77 12.63 11.38 10.99 11.24 11.40 10.82 10.63 10.29 10.12 10.17 10.01 10.14 9.82 

. ..*.**...*....*.*....*.~****.~.**.*.....*.~***.*~*****...*~**.*.***~*******.***********.*~*.**.**.**.~*.**...*.***.***~**.**.***.~~ 
E/A sl TE BA LA PR Slf CD EO m  LU IA RE IR AU PB BI TE 

50 52 66 67 69 62 64 67 49 71 73 76 77 79 82 83 30 92” 
**...*........*.***.~~*.~.*.......**..*.**.*.*..***......**~*..*.**..***.~.*..****~~.**.******~*....**.********..*..******.*****.*~. 

2.6 

3:: 

2: 

44.98 42.86 42.87 43.14 42.75 40.28 39.01 38.82 36.01 36.08 34.38 33.81 32.58 32.16 31.81 31.89 
47.46 45.45 46.45 46.76 45.40 42.68 41.68 39.38 38.69 37.61 36.91 36.32 35.08 34.62 34.22 34.31 
49.46 47.20 47.19 47.60 47.20 44.67 43.36 41.18 40.40 39.42 38.70 38.11 30.87 36.38 36.94 36.04 
60.86 48.37 48.36 48.67 48.42 46.90 44.68 42.44 41.69 40.71 39.98 39.39 38.16 37.66 37.21 37.29 
61.43 49.13 49.11 43.44 49.23 46.74 46.42 43.32 42.59 41.42 40.89 40.31 33.09 38.69 38.12 38.20 

5.0 61.90 43.60 5.6 62.16 49.86 
6.0 62.23 43.96 
8.6 62.19 49.94 
7.0 62.04 49.83 

49.68 
49.84 

::::: 
49.80 

43.91 

t?:: 
60: 24 
60.13 

49.76 
60.04 

z:x 
50:10 

47.28 46.97 
47.61 48.31 
47.77 46.49 

Z:Z Zf 

43.92 
44.31 
44.64 
44.66 
44.07 

43.21 
43.62 
43.88 
44.01 
44.06 

i%:i 
40.62 
40.71 
40.80 

39.26 
39.71 

E: 
40:31 

30.67 
32.86 

2% 
36.61 

38.74 38.84 37.11 
39.21 39.29 37.63 
39.51 39.69 37.81 
39.69 39.77 37.98 
39.78 3S.86 38.06 

38.67 
37.0s 

zs 
37:62 

8.0 
9.0 

10.0 
11.0 
12.0 

61.69 49.41 49.33 49.71 49.73 4i.48 
60.94 48.82 48.81 49.13 49.18 47.01 
50.24 48.16 48.13 48.46 48.64 48.43 
49.44 47.41 47.41 47.72 47.83 46.79 
48.86 46.66 46.66 48.97 47.10 45.12 

46.27 
45.83 
46.29 
44.83 
44.06 

44.49 43.91 

FG 
43113 

Z~ 
42104 

42.56 42.03 

42.25 41.63 
42.68 41.96 
42.94 42.24 
43.09 42.33 
43.14 42.46 

43.04 42.37 41.86 
42.75 42.10 41.80 
42.34 41.70 41.23 
41.80 41.24 40.78 
41.33 40.73 40.28 

40.78 
40.67 

%:Z 
39.36 

37.60 
37.40 

z-:: 
36:32 

16.0 
20.0 
26.0 

2: 

48.26 
42.60 

EbX 
34:42 

44.3s 
40.91 

2::: 
33.30 

44.3s 
40.94 
37.99 
36.49 
33.36 

44.70 
41.22 

2:: 
33:63 

44.88 

xi 
38:01 
33.87 

i-s%! 
37:07 
34.69 
32.66 

42.07 
38.97 

Et 
31:ss 

39.66 
36.30 

2% 
30.63 

39.09 
3S.41 
34.02 

Ki 

40.30 39.74 
40.10 39.54 
39.79 39.24 
39.39 38.84 
38.96 38.40 

38.48 37.86 
35.33 
33.06 
31.08 
29.36 

37.48 
36.03 
32.81 

%X 

38.94 37.01 36.34 34.96 
34.60 34.57 33.03 32.68 
32.30 32.37 30.96 30.62 
30.39 30.46 29.12 28.82 
28.71 28.78 27.63 27.25 

40.0 
46.0 

FE 
80:o 

32.43 31.46 31.61 31.74 32.02 30.88 30.27 29.63 29.34 28.93 28.68 20.34 27.85 27.69 27.25 27.31 26.14 
31.01 29.84 29.90 30.12 30.40 29.33 28.74 28.08 27.91 27.63 27.20 26.98 26.52 28.38 26.96 26.02 24.91 
29.63 28.42 28.49 28.70 28.98 27.97 27.43 26.80 26.84 26.23 26.98 25.77 26.34 26.22 24.81 24.87 23.81 
28.23 27.17 27.23 27.44 27.71 26.76 26.26 26.W 26.61 26.18 24.89 24.70 24.29 24.18 23.79 23.84 22.84 
27.06 28.06 26.11 26.31 28.68 26.47 26.13 24.64 24.60 24.19 23.91 23.73 23.34 23.24 22.86 22.92 21.94 

66.0 24.00 26.04 26.10 26.29 26.66 24.70 24.24 23.71 23.69 23.23 23.02 22.85 22.49 22.39 22.03 22.08 21.14 20.36 
70.0 26.06 24.12 24.13 24.37 24.44 23.81 23.37 22.88 22.76 22.47 22.22 22.06 21.71 21.42 21.27 21.32 20.43 20.26 
80.0 23.39 22.53 22.60 22.77 23.03 22.26 21.84 21.41 21.30 21.06 20.81 20.66 20.34 20.27 19.94 19.93 19.16 18.99 
93.0 21.99 21.19 21.26 21.42 21.67 2Q.96 20.68 20.17 20.07 19.84 19.62 13.48 19.18 19.12 18.81 18.86 18.08 17.92 

100.0 20.80 20.04 20.10 20.26 20.61 13.83 19.48 13.10 19.02 18.80 18.69 18.46 18.19 18.13 17.84 17.86 17.16 17.00 

160.0 14.69 
200.0 14.29 
260.0 12.79 
300.0 11.72 
350.0 10.92 

16.08 

:23: 
11:31 
10.64 

16.27 
13.90 
12.30 

it: f3 

16.49 
14.10 
12.49 
11.3s 
10.62 

16.90 
13.66 

::3 
10: 38 

3,36 
9.47 tz: 
3.08 3:oo 

16.70 

:z: 
ii:02 
10.28 

16.42 
13.21 

xi 
10: 10 

15.36 

:?A:, 
lo:63 
10.11 

14.94 14.73 
12.82 12.86 
11.47 11.36 

‘“g:Xf 1o-42 9.73 

14.69 
12.41 
11.26 
10.36 

3.80 

14.43 13.91 
12.46 12.28 
11.12 11.04 
log. g 1”g.:; 

13.79 

::z 
9182 
9.18 

%E 
600.0 

10.30 
9.80 
3.40 

3.88 
9.41 
3.02 

10.02 
9.66 
3.16 

t% 
a:96 

9.70 

X:R 
9.64 3.64 

i% X::: 

16.19 

::*9; 
10:71 
10.00 

9.44 

X:E 

16.03 
12 .so 

:A%? 
i86 

9.31 

2% 

9.29 
8.86 
8.60 

9.19 8.99 9.01 8.94 
8.76 it:: 
8.42 e:ss 

8.67 8.53 
8.23 

X:Z 
8.13 

8.67 

t:;: 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

191 
SAICE II UlITS Of IWSQ QI OS IONS 

76 

E/A EE 
a" 11 

Ha AL SI CA TI CR FE 1II al GE SE SR zn II0 all 
9 13 19 10 11 19 16 18 29 31 34 36 90 92 46 9::" 

+*.*****~***l**L*+.,.****************.*~*~***~*~~***..***********************~*~*.~**************~******~******.*.***.*****~...*.~** 
::i 6.300 6.871 4.030 6.764 8.611 9.915 9.99i 8.990 6.390 9.181 10.989 9.930 10.730 11.S4.0 11.176 11.689 11.440 13.017 11.110 13.994 11.390 13.468 13.170 19.a37 13.710 16.371 19.186 16.996 19.600 14.133 19.733 16.176 16.670 

16.639 17.178 17.606 
2: 
9:6 

7.999 6.038 8.107 7.946 10.310 11.109 10.381 11.318 lO.lll 11.136 11.016 13.061 13.141 19.397 13.818 16.044 19.316 16.693 19.819 16.119 16.176 14.447 16.399 17.419 18.S43 18.617 17.638 17.897 i8.140 19.080 19.368 
19.610 19.991 11.166 8.490 8.870 11.101 11.168 11.043 il.078 16.618 14.301 14.841 17.912 18.099 18.191 20.060 lO.8l3 19.191 
11.116 11.697 

20.916 11.710 
21.912 

6:0 :+ 
9.168 9.679 13.004 13.204 11.996 16.106 14.709 17.633 18.116 18.7CS 19.416 20.797 11.673 11.391 11.703 13.136 19.976 19.670 

10.690 9.891 10.194 11.011 13.911 19.898 19.149 16.131 13.939 19.891 16.190 17.182 17.894 19.091 14.744 20.010 19.393 20.447 11.189 19.997 20.786 22.140 11.100 23.466 l3.093 29.419 13.969 16.617 19.183 16.a41 19.867 28.997 28.130 27.973 28.19l 28.908 

4.6 il.207 11.740 16.748 14.119 16.864 18.136 lO.l96 11.161 11.918 11.648 23.691 16.117 l4.190 27.066 27.999 28.119 29.711 29.6?7 
7.0 11.890 12.610 i4.791 17.109 16.833 19.189 11.613 11.613 25.190 23.846 19.931 14.687 17.473 18.469 lS.031 19.744 31.960 31.616 

1o:o 2: 

13.31 19.06 14.49 19.19 18.83 11.96 13.98 16.08 16.86 la.69 17.79 29.64 30.77 31.69 31.29 33.07 39.99 36.11 

14.36 19.80 16.49 17.29 20.70 la.74 11.19 13.39 20.88 11.99 13.48 l6.S4 14.61 29.10 30.38 27.70 31.26 18.63 3l.SS 19.29 3O.61 33.63 31.68 36.07 33.92 37.11 36.04 38.39 36.99 36.79 34.91 39.61 38.96 91.01 38.64 91.16 
11.0 17.98 IS.00 19.89 16.01 16.14 18.30 31.76 33.11 39.06 34.80 34.61 38.81 90.39 91.68 91.16 93.16 96.63 96.90 
11.0 19.47 10.77 17.09 17.89 17.90 30.49 39.97 36.91 36.91 37.66 39.64 92.02 93.71 96.08 96.68 94.77 99.30 99.61 

:Ei 
16:O 

16.19 36.66 35.98 25.91 98.81 39.03 98.90 36.11 39.94 97.91 38.13 61.99 93.01 68.64 40.48 99.71 96.84 62.07 al.91 94.47 99.09 44.30 70.11 61.09 71.83 69.11 79.71 66.68 76.37 66.19 T1.18 67.71 60.66 80.89 61.13 81.70 
97.61 98.91 81.04 63.18 61.81 47.10 76.69 74.16 79.88 80.71 86.16 89.84 93.17 96.96 98.16 98.69 102.44 109.00 

iE 40.93 76.76 61.10 78.76 74.70 93.48 79.90 S4.99 77.60 94.71 101.76 83.80 119.60 94.36 117.94 97.34 110.07 89.13 110.69 100.06 106.69 117.67 111.16 139.19 116.36 139.11 117.86 191.68 118.46 191.73 111.96 196.99 116.10 161.13 117.98 163.61 

90.0 91.96 91.66 111.98 116.91 113.11 llO.SS 136.08 190.00 191.36 193.06 161.06 168.77 169.93 167.97 168.36 172.08 177.72 160.85 
96.0 109.99 109.69 131.99 134.19 131.74 191.98 169.09 143.99 148.01 166.49 176.97 189.80 191.16 199.67 196.60 199.69 lo6.81 209.64 
60.0 118.10 117.48 163.19 167.40 163.60 143.19 183.36 188.19 191.06 191.66 101.19 111.17 119.41 113.16 119.11 118.78 236.37 
66.0 

139.93 
196.20 194.99 179.16 180.17 176.61 166.08 208.94 119.36 117.90 217.77 119.97 191.16 299.90 163.16 169.16 169.30 236.37 271.69 

60.0 189.90 147.30 197.13 109.11 198.77 110.13 236.69 191.76 196.03 196.16 168.99 271.91 280.60 189.60 286.69 191.11 296.77 304.68 

46.0 191.8 188.7 111.9 119.1 223.0 136.3 169.0 170.9 173.9 279.0 169.3 303.0 313.2 317.9 318.9 329.6 331.6 
70.0 196.7 166.1 

339.6 
116.3 111.1 198.9 161.4 193.3 300.3 309.0 303.9 310.9 336.9 397.1 361.6 361.6 369.1 367.7 

1oo:o E.8 

376.9 
246.4 169.1 300.9 310.4 302.3 317.3 366.6 343.4 347.8 347.1 387.7 906.6 918.6 913.7 919.6 931.3 991.8 961.3 
310.3 379.0 310.9 24X3.6 368.1 910.0 370.6 939.1 911.0 340.1 377.1 990.9 993.3 911.1 931.6 603.7 936.1 608.9 936.1 607.3 969.3 636.9 980.1 669.3 996.6 677.1 600.6 682.6 601.7 683.6 610.9 693.3 610.9 606.0 632.3 

618.1 

160.0 729.7 aS6.6 783.1 808.8 766.9 819.6 909.1 914.1 933.6 916.1 979.1 1010.8 1061.3 1069.3 1069.6 1079.7 1091.9 
100.0 

1116.9 
1146.3 10SS.7 1114.3 1144.1 1119.7 1169.1 1919.9 1939.9 1998.3 1937.9 1614.3 1647.3 1417.8 1436.3 1839.1 1666.7 1870.4 

160.0 1871.6 
1713.7 

1646.0 1736.0 1791.9 1793.3 1790.3 1999.8 2033.7 2036.8 1019.1 1119.9 1190.7 1141.6 1193.7 1190.0 1311.6 2318.9 
300.0 

2396.6 
1138.8 lO81.9 2300.1 l376.0 2313.6 1348.1 2a37.1 1707.8 2686.9 1461.9 2808.8 1880.8 2976.9 3011.9 3219.7 3069.6 3X6.8 

360.0 
3147.8 

2866.7 2494.7 2919.7 JoCS.3 7933.6 1996.7 3339.6 3913.4 3396.3 3360.9 3699.7 3426.7 3799.1 3809.6 3799.3 3867.1 3492.8 3961.6 

900.0 3610. 3161. 3673. 3697. 3447. 9080. 9197. 9161. 9107. 9331. 9918. 9676. 4661. 4637. 9708. 9483. 
E: i 

9830. 
y;. pa& . 9149. 9999. 

To;. 
6161: 9199. 6039. 9377. 6111. 9869. 6696. 6019. 6870. 9999. 6786. 9899. 6710. 6161. 4030. 6167. 6171. 6341. 6998. 6969. 6639. ~46. Fjll. 6606. 6669. 6796. 

6696. 6997. 6704. 

.~.*****..*.*.*.*.*.******~..*****.*.~**.*..*.*.**..~~***....**.....*.*****.*.*.****.***..**..****.....*~*......*.*.*...*.*...****.* 
E/A Sl IX SA LA F'R SH GD Ii0 RI LU TA RE. III AU F'S BI IB U 

60 61 64 67 69 a1 69 67 a9 71 73 76 77 79 62 a3 90 91 
*...*..*..U....**.....*....****.****.*......**...*...........~.*.*.****..***~***~~...*...*.*..*.**..*....*..*..*....**.**.*...*~..~ 

1.6 16.39 16.96 18.18 16.41 19.31 20.16 10.86 11.61 11.06 11.99 11.93 13.90 23.66 19.29 29.86 26.06 16.89 27.91 
3.0 18.91 19.11 lo.96 20.78 11.98 11.68 13.19 19.13 14.63 16.13 16.61 26.13 16.70 17.16 17.76 17.96 19.86 30.97 

9:6 :.: 
20.36 11.19 11.61 11.69 13.66 29.77 16.60 24.61 17.06 17.61 18.16 18.71 29.36 19.86 30.99 30.68 32.71 33.36 
11.30 29.16 13.19 16.14 19.63 la.60 19.83 14.79 16.66 17.61 16.69 18.96 17.46 29.81 18.80 31.09 29.39 31.67 30.01 31.39 30.69 31.97 31.16 33.69 31.91 39.90 31.96 33.11 33.19 36.96 36.12 

39.97 36.66 36.83 38.11 38.81 

i:: 26.09 27.88 17.11 2S.09 30.37 28.99 x1.49 28.71 31.39 29.96 33.03 31.00 31.91 33.99 33.29 36.91 33.90 39.83 36.89 36.19 36.96 36.69 37.93 38.16 38.31 40.71 91.46 
38.11 37.69 38.28 39.19 39.87 

6.0 19.71 
90.61 90.78 93.28 

30.96 
.M.OE. 

31.30 31.66 33.30 36.09 36.04 37.67 38.31 39.13 39.87 90.69 91.81 91.17 
4.6 

93.06 93.11 96.83 46.63 
31.64 31.68 39.11 39.94 36.11 37.06 38.11 39.73 40.99 91.36 91.19 92.69 93.98 

7.0 
99.67 96.96 96.63 

33.90 
94.36 49.19 

39.80 34.19 36.37 37.13 39.0% 40.18 91.86 91.67 93.69 99.90 96.18 94.33 97.06 97.89 98.09 60.89 61.74 

1o:o 84 
37.11 38.47 40.01 40.11 90.97 93.09 99.31 94.18 97.09 98.09 98.93 99.77 61.09 51.81 
90.86 99.49 91.68 94.69 

61.71 61.86 66.93 
93.91 97.88 99.10 98.03 

66.86 
98.78 99.84 47.16 61.16 96.49 61.70 60.61 69.88 61.91 61.61 63.97 69.37 66.78 66.69 67.66 67.69 60.99 61.97 

66.86 67.03 68.06 69.00 80.61 
11.0 60.64 

41.39 42.93 42.66 00.09 
98.99 61.80 61.03 61.77 

87.12 
66.91 64.97 69.31 40.31 41.69 61.69 63.68 66.30 

11.0 
66.19 47.36 67.96 71.13 

61.91 69.49 66.99 66.06 
72.32 

66.61 69.49 41.30 a3.79 69.64 66.10 47.37 68.91 70.16 71.19 72.31 71.91 76.91 -?7.66 

16.0 04.66 67.30 48.49 a8.46 69.39 71.71 79.06 77.61 78.43 80.93 81.80 83.01 86.07 
ik: 

84.11 67.61 87.66 
109.41 W.19 ll9.11 89.69 116.69 91.18 116.13 91.03 

91.91 93.79 
91.41 96.90 OS.90 101.08 lC3 61 

130:03 
106 63 
132'97 

107.16 108 71 
136'17 

111 33 
139'93 

111 71 
191'09 

119.61 119 63 110.61 
110.89 113.99 118.37 

121 16 
116.66 139 66 

30.0 139.79 190.91 i91.7i 191.11 141:13 163:69 166:47 169:90 171123 
193 18 
173:99 

193'19 
173:83 

160.66 161'61 
191.99 197.68 161.31 164.99 168.37 

36.0 141.68 148.38 
181.66 

149.43 148.93 
169:89 

168.96 174.13 180.96 184.39 186.99 191.79 199.69 198.89 201.19 103.13 x)4.96 106.16 116.97 119.11 

x 
SO:0 

110.9 190.1 198.1 119.9 X30.6 199.3 198.3 119.9 198.1 118.9 204.6 138.9 111.3 193.9 118.0 161.9 163.9 110.9 119.1 117.9 119.9 239.6 137.0 190.8 190.6 161.3 266.3 
168.1 Xl.8 169.6 170.1 162.1 241.9 171.8 174.9 176.6 189.9 243.6 261.1 293.3 

241.3 171.9 178.1 186.9 66.0 189.1 193.8 197.9 301.0 JO7.l 309.8 186.9 298.9 197.9 234.3 319.7 319.3 329.3 296.1 307.0 333.1 
313.9 313.0 

316.0 
331.1 

60.0 
336.7 339.1 396.9 

300.1 333.0 
398.7 369.3 363.8 370.6 

339.0 331.0 
379.7 

330.6 393.7 361.1 JB1.1 349.9 370.1 376.1 378.8 384.1 389.1 396.6 394.8 913.9 418.0 

66.0 364.3 370.7 371.6 349.3 s7.9 381.8 390.1 900.9 409.3 70.0 910.6 914.0 920.0 918.1 399.0 109.7 910.9 907.9 931.3 938.1 937.6 968.0 943.0 w6.6 921.9 930.9 
99l.l 

996.8 
961.6 

2:: 
968.6 961.8 971.6 

973.3 668.0 991.1 SW.1 9Sl.4 680.3 
474.9 981.0 481.8 609.1 

989.6 674.6 986.3 671.3 609.8 616.9 619.0 633.1 690.6 697.8 661.6 643.0 646.7 676.9 674.8 401.1 2;:: 
693.8 W6.0 611.9 416.0 100.0 639.9 691.9 698.6 440.2 497.9 473.3 449.3 676.1 473.2 Kt8.7 473.6 709.6 443.9 688.0 701.9 719.3 729.3 711.7 

739.9 793.6 799.9 763.1 767.6 780.0 776.9 613.8 4ll.S 

160.0 1101. 1lSo. 1131. 1183. 1191. 100.0 1307. 1313. 1333. 1366. 1899. 1361. 1383. 1360. 1990. 1813. 1684. ::z. 1969. 
1969. 160.0 1016. lO30. 2oa1. 2171. 1680. 1698. 2679: :;i:: :E:* 1089. 1103. 1097. 1439. 2208. 

. 
%X 

1807. 
%F: 

1878. 1916. 1917. 2999. 3083. 
3366. 9230. 3941. 9366. 3616. 3681. 

3 

9611: %i:: %i: 
$38;. 
9699: 

:;W: 3749. 3830. 3619. 3908. 9COl. 
9916. 9602. 9709. 9731. 9807. 9793. 9889. 6019. 

2%: wo9. 6096. 4111. 6131. 4161. 6241. 6131. 6161. f33:. 6381. 6981. 
.W&. 

6661. 
R:? . 

6a16. 6699. 6710. 
XT: 

6769. 6894. 6819. 6933. aOS1. 
600:0 7009. 7167. 7308. 

73as: 
6396. 6613. 

7698 : 
6696. 4aa9. 6709. 6791. 4431. 6991. 6910. 7033. 7126. 

7967. 7691. 7a89. 7780. 7816. 7909. 7968. 8086. 8@31. 8163. 6409. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Range6 and Stopping Powers for Heavy Ions 

TABLE 1. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELCCTROIIC 9ToPPIec POWER I9 UlITS OF RtW/taG/sQ cm 193 
IR Ions 

77 

VA BE 
4 lYc 12 13 14 20 

I43 AL SI CA 

. . . . . ..l+**.*..~..+*....~...*..**~.......*.*..*.. 

::i 170.8 16S.8 136.7 130.6 106.1 108.2 100.8 102.9 101.7 104.0 E:k 
167.2 136;O 106.8 103.7 106.0 163.8 138.6 106.7 103.7 106.1 B&j 

160.1 137.9 108.0 103.1 104.6 94.8 

I-I CR FE II 
22 24 16 28 

~***+*.*.*.*....*..*.**...**, 

ii:: 2:: 2; 

x:.: 
8213 

2; 
7619 

al GE 
29 32 

'.*..******.*.4 

SE SR ZR HO RR 
34 39 40 42 46 4:c 

~****.C..*+**..*.*+******.*..***.*.*.*.*.* 
67.1 66.1 

69:l x 

62.3 48.7 48.6 

2:: z.9" 66.2 67.1 49.9 62.1 I%5 
2:: a:1 61.8 it: Et:: 63.6 64.6 64:6 

66.3 

iX 166.2 162.3 136.7 136.0 107.0 106.7 102.2 103.8 2:: 82.2 78.9 76.8 62.1 
81.7 76.6 

61.6 69.6 
74.6 

66.3 66.8 
148.6 133.1 104.4 

i:: 
62.2 61.1 61.6 69.7 76.2 66.7 66.0 

144.6 131.1 103.0 62.2 69.7 
Ed . 

76.7 
8:-i a1:1 

56.9 se.1 
141.3 l29.0 101.6 81.0 62.0 69.6 66.0 76.1 66.0 

81.7 69.3 66.9 66.9 

1o:o 84 

134.6 124.7 88.9 

126.6 123.1 120.4 116.4 2: it: t&i 

62.4 60.9 

Ei 

80.4 68.7 66.6 66.3 

it: 6217 61.4 69.9 Es 67.8 66.0 11.0 116.1 112.6 82:6 80.3 64.4 t% 

Il.0 113.6 108.9 67:s 

EY 
61.4 69.1 

E?:: 

80.6 6314 

57:6 ix 

63.4 80.2 66.0 Se:8 66.4 66:o 62.8 ::: 

16.0 
Ez i"d*: . EB 

61.2 78.1 84.4 
g:: Ei 26: 

aa. 83.4 a.2 69.6 
71.3 

63.7 
69.8 

ES a33:3 a4:a z-9 
a4.8 it:: 

67.4 63.4 60.4 67.4 64.2 if.:: ii:: 
61.6 

62.1 47.8 49.6 46.6 

EC: 69:6 66.1 40:s Et ii? 
62.7 49.8 47:6 

2:: 62.7 56.7 
:z . 46:4 ii:: 

46.1 44.1 23 
43.1 41.2 38:7 

i2.i 40:4 2: 
37.9 37.0 

68.30 69.86 61.83 60.06 61.61 49.31 43.98 43.07 42.62 64.18 42.77 66.87 40.48 38.74 48.88 47.04 37.64 37.17 48.42 46.44 41.46 37.11 36.46 36.82 40.43 40.23 34.98 
60.66 62.48 40.40 38.24 36.63 46.97 36.60 44.44 46.76 
47.69 

43.96 36.18 34.66 33.98 39.28 36.61 36.14 
38.16 

33.16 
38.33 J8.29 49.66 42.17 34.78 45.60 43.43 41.78 33.44 37.36 33.72 33.41 32.88 32.34 36.66 38.33 31.68 

60.0 46.11 47.01 39.62 34.68 33.16 41.62 40.17 32.16 41.36 39.86 36.66 31.91 31.40 36.00 
34.71 

31.89 30.92 30.18 
34.90 33.06 31.71 x).76 30.64 30.63 30.07 29.64 28.93 

46.0 42.84 44.77 39.68 36.39 39.66 38.16 34.16 33.63 2s:: 33.26 37.46 40.84 39.39 42.78 33.46 31.70 36.20 38.03 34.08 36.80 30.41 36.12 37.92 33.97 38.62 30.46 32.79 19.92 32.21 31.98 32.16 30.47 29.24 28.38 29.61 28.21 29.31 28.21 29.31 27.81 28.88 27.43 28.48 24.79 27.81 

29.7l 28.36 14%: 34.68 32.36 29.92 27.22 36.61 34.28 32.86 30.87 26.43 26.29 31.61 28.90 32.79 30.83 31.77 299.90 26.30 26.94 26.60 28.49 26.83 26.01 26.39 27.83 24.23 28.04 26.68 26.63 24.79 24.67 24.49 24.37 24.04 23.63 26.02 

26.44 26.07 24.09 23.39 23.30 23.32 23.03 22.74 22.26 

160.0 24.91 28.64 24.24 23.61 24.24 23.61 21.23 20.91 20.81 21.02 
200.0 20.76 22.66 

19.94 19.18 18.64 
20.80 19.94 

18.60 18.63 18.43 
W.44 W.08 17.71 

18.20 17.86 
18.06 17.77 260.0 18.30 17.97 17.03 16.74 19.97 16.20 16.86 16.91 16.70 16.29 17.71 17.87 16.86 18.11 16.07 16.30 16.60 16.83 

~~:: 16.60 16.36 
14.02 16.19 14.96 

16.17 16.64 
14.48 

18.66 16.46 16.14 14.97 
14.17 14.22 13.98 14.18 

16.61 16.30 14.67 lQ.ll 14.47 14.66 13.89 13.67 13.22 12.98 13.02 12.81 
16.14 

12.98 13.49 12.66 
16.33 13.63 13.13 13.46 13.a2 12.92 12.71 12.30 12.07 12.12 11.93 12.09 11.69 

E28 14.40 13.66 16.62 16.02 13.80 14.63 14.07 13.36 14.41 13.69 14.24 12.82 12.19 12.37 12.46 12.83 12.17 11.97 11.68 11.37 
13.63 

11.43 11.26 11.40 11.03 
600:0 13.04 11.77 12.04 12.20 11.68 14.37 11.38 11.02 10.82 12.79 10.88 10.70 10.86 13.20 10.60 

13.10 12.90 11.67 11.26 11.63 11.69 11.10 10.90 10.66 10.38 10.43 10.27 10.40 10.07 

*...*..~*.*..C..*.*..*..**.*~****~...~**.......*....**.*.**..*.*.*.,..**~*.*******..****.*..**..****.***.~.**...*...*.*.*..~~..~*..~ 
VA Sl TC BA LA PR SH CD ED I?! LU 'IA 66 IR AU PB BI 'I'6 U 

60 62 66 67 69 a1 64 a7 69 71 73 76 n 79 82 83 90 92 .I**....*...+..*....*...*..***.**...*..*..*..*.*..~***.**.**........*.......***..*..*.*.*.****.*..*.****.*....~..*.**....~.*..*.~... 
2:: 46.38 49.13 43.23 46.89 43.26 46.89 43.64 QB.20 46.84 43.12 40.63 43.30 39.36 37.13 39.76 36.32 36.36 34.68 34.10 32.86 32.44 32.08 32.16 30.83 30.47 

41.98 38.96 
43:: 49.96 61.22 Q8.91 47.69 

37.97 37.26 JB.67 36.41 34.96 34.43 32.77 
48.69 47.66 46.00 49.21 47.70 

34.66 33.18 
46.14 43.81 41.60 40.82 39.83 39.10 38.61 37.26 36.76 38.33 38.41 34.84 

48.96 46.41 
34.43 

46.07 42.91 
4.6 62.03 49.71 

42.14 41.16 40.42 39.83 36.68 38.07 37.70 
49.69 60.01 47.18 

37.62 38.06 36.62 
49.80 46.94 43.42 43.08 42.09 41.36 40.77 39.64 39.03 38.66 38.64 39.92 36.49 

6.0 

K 
P:! 
8.0” 

1o:o 
11.0 
12.0 

16.0 

E2 

iFi:: 

160.0 

is: 
3oo:o 
360.0 

400.0 
460.0 
600.0 

62.63 
62.60 
62.91 

X::f 
62.32 
61.71 
60.99 

5::: 

26.67 26.66 
26.60 24.66 
23.91 13.03 

::::: Z2 

17.09 

:z: 
11:oi 
11.20 

16.47 

::*z 
11:ao 
10.61 

10.64 

%:E 
WY 

9:32 

1ogg 1og.g 1yg 1"g.g 

S-123 9:2a 9140 i19 

60.21 60.18 60.61 60.36 47.86 46.62 
60.49 60.46 60.79 60.67 46.10 46.89 
60.61 60.68 60.91 60.82 48.39 47.09 
60.60 60.67 60.91 60.84 48.46 47.17 
60.60 60.48 60.81 60.77 48.42 47.16 

60.11 60.08 60.41 
49.62 49.84 
g.g 

47139 

g.:; 

47170 

60.41 
49.90 

ix 
47164 

49.92 46.11 

46.12 

ct 
&If 
33.96 

46.13 46.43 46.62 43.77 42.79 41.41 
41.66 41.96 42.19 40.66 39.66 38.60 
36.68 58.96 39.22 37.76 3a.94 36.93 
36.16 x).42 J(I.70 36.36 34.61 33.71 
34.00 34.26 34.63 33.19 32.61 31.79 

g.;: g.;; 
2s:oa 29119 
27.81 28.01 
2a.67 2a.67 

2% 
29:68 
28.30 
27.16 

16.64 16.64 2a.12 26.23 24.78 24.22 
24.71 14.90 26.16 24.33 23.68 23.37 
23.10 13.18 13.64 22.76 22.34 21.66 
21.73 21.90 21.16 21.43 11.04 20.61 
10.66 10.72 10.97 W.29 19.93 19.64 

la.63 16.66 16.88 la.34 16.07 16.79 
14.12 14.24 14.44 X3.99 13.76 13.64 
12.61 12.61 12.80 12.44 12.31 
11.47 

12.09 
11.61 il.66 11.41 il.30 11.10 

10.70 10.73 10.89 10.64 10.64 10.36 

9.96 

3::: 

2% 
46.11 
46.23 
46.24 

S.78 
9.32 
8.96 

43.73 
44.18 
44.44 
44.69 
44.64 

44.62 

42.76 
43.10 
43.49 
43.66 
43.72 

43.64 

ii*:; 
42160 
41.98 

xi 
36:64 

z% 
36:10 

CP XZ 

x: 
27:19 
26.06 
26.02 

2S.61 
28.09 

ET 
24:70 

:?z 
2l:Sl 
20.18 
19.13 

16.72 

:s 
ii:11 
10.37 

9.78 

::;i 

42.03 
42.48 

t:.;F, 
43:02 

42.96 
42.70 

t:-i: 
41:36 

28.91 
27.63 

:E 
24123 

23.62 
22.70 
21.27 
20.06 
19.01 

:523 
21:12 
19.92 
16.88 

16.39 16.29 
13.21 13.13 

:a 
1o:io 

:~~~ 
10:09 

xl 
a:74 

41.44 
41.91 
42.21 
42.39 
41.48 

2::: 
41.04 
41.24 
41.36 

39.71 

E% 
40173 
40.84 

42.43 
42.20 
41.83 

2% 

40.68 

2% 
39:99 
39.66 

39.32 

~~~ 
32:26 
30.47 

38.47 
36.94 

2:; 
29:93 

38.09 

z?:: 
31:46 
29.74 

28.40 

2:; 
24.80 
23.64 

22.97 
22.18 

~~~: 
18:60 

16.06 
12.96 
11.63 

%: 

16.04 
12.92 

:2:: 
9:91 

X-E 
8:72 

tz 
8163 

~~Xf 
8167 

39.22 39.30 
39.69 39.77 
40.01 40.09 
4&x;; g.;; 

40.31 40.39 
40.13 40.11 

38:99 g.5; g.l33 39:07 

37.64 37.61 
36.10 36.17 
32.89 32.96 
30.96 31.02 
29.27 29.33 

27.79 27.86 
26.48 26.64 
26.32 26.38 
24.28 24.34 
23.36 23.40 

22.60 22.66 
21.73 21.78 
20.36 20.43 
ix.;; g.;; 

14.80 14.84 
12.72 12.76 
11.36 11.39 
'"9.;: '"9.;; 

9.22 8.79 t.Ei 
a.44 a:47 

37.66 
37.99 
36.29 
38.47 
38.66 

37.11 

i:: .Fi: 
38.02 
38.12 

38.66 38.12 
$3; 

37172 

gp3; 

37129 
37.30 38.88 

36.92 
33.60 
31.61 

5X 

26.66 26.39 
26.41 26.16 
24.30 24.07 
23.31 23.09 
22.42 22.21 

21.61 
20.86 
19.68 

:78::: 

xl 
11:31 
10.40 

8.71 

x*:a 
8:40 

t.5 
8:16 

21.41 

:x: 
m:31 
17.38 

14.12 
12.17 

::.1 
9:41 

160 AtomicDeta andN~DataTables,Vd.44,No.l.September1990 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAICE II UlITS OF HG/SlJ Cn 
IV3 

IR 106.5 
n 

E/A BE 
ec 12 

I#2 AL SI CA TI ca FE II aJ GE SE SR m Ho BE 
4 13 I4 20 22 24 2e 26 29 32 34 36 w 42 46 4;" 

**.....**........*.*..**.*****..~...***.*..*.*.***.*...*.*...***.*...*.~*.***~***..****~**..*.....*.*~**~*..~.***~*..****..*..~~**** 

2: 6.270 6.636 8.000 6.723 8.471 9.370 8.460 9.396 8.300 9.237 10.936 V.843 10.680 11.904 11.223 12.610 11.620 12.961 12.060 13.418 12.320 13.761 14.780 13.200 13.660 16.296 14.216 16.918 14.430 18.168 14.662 16.466 16.101 17.096 16.490 17.418 

3.: 
4:6 

7.408 7.991 7.427 6.126 10.269 11.140 10.329 Il.269 10.169 11.078 11.967 12.987 13.098 14.276 13.761 14.994 14.242 16.611 14.741 16.038 16.192 16.674 18.284 17.736 16.877 18.422 17.663 19.147 17.811 19.424 18.173 19.646 20.812 I6.987 IS.269 21.048 
8.687 8.823 12.036 12.192 11.996 14.006 16.448 16.218 18.770 17.321 17.942 19.188 19.946 20.717 21.013 21.489 22.696 22.804 

6.0 9.197 9.626 12.934 13.132 12.924 16.026 16.621 17.441 18.026 18.696 19.303 20.633 21.466 22.276 22.687 23.117 24.362 24.640 
::t 10'486 9 823 10.236 IO 966 

6.6 II:123 11:448 

13 14'780 641 

16:OVO 

14 16'042 082 

16:014 

13 14'802 868 

16:768 

16 17'084 061 

la:128 

17 18'984 799 

20:176 

18 19’898 666 

21:139 

20'647 19 284 

2I:816 

19.677 21 169 

221447 

20 22’026 883 

23:396 

22 23'619 076 

24:96V 

22 24'476 946 

l6:984 

23 26'378 627 

26:933 

24 26'721 166 

27:291 

24 26'364 736 

271973 

20 27'820 091 

29:646 

l4 27'986 268 

291707 
7.0 Il.798 12.428 16.634 17.000 16.726 19.162 21.384 22.390 23.096 23.743 24.773 28.426 27.609 28.493 28.886 29.696 31.270 31.432 

2 13.20 14.46 13.96 16.63 20.66 18.66 19.01 21.09 18.70 20.73 21.33 23.63 23.63 28.34 24.93 27.62 26.49 26.34 29.04 28.37 30.40 27.68 29.37, 32.37 30.68 33.70 31.64 34.64 32.04 36.26 32.87 34.18 38.22 34.73 34.90 38.41 
10.0 16.20 17.14 22.69 23.22 22.82 26.76 28.90 30.17 31.04 31.74 33.29 36.42 3S.87 36.08 38.63 39.64 41.76 41.97 
11.0 17.80 18.64 24.70 26.41 24.97 28.09 31.63 32.88 33.81 34.66 38.24 38.63 W.10 41.39 41.84 4l.W 46.32 46.68 
12.0 19.47 20.69 24.97 27.47 27.18 30.46 34.21 36.66 38.43 37.39 39.26 41.70 43.40 44.76 46.26 48.44 48.96 49.26 

16.0 24.66 26.14 33.73 34.80 34.16 37.91 42.64 44.36 46.48 46.28 46.66 61.41 63.68 66.24 66.80 67.26 80.17 60.66 
20.0 36.12 38.67 48.36 47.92 46.94 61.60 66.01 80.12 41.49 62.33 46.68 69.46 72.17 74.06 74.70 76.69 80.12 60.98 
26.0 44.68 48.34 60.39 62.49 61.16 V8.60 74.91 77.46 79.07 79.90 84.29 46.96 92.34 S4.62 96.26 97.68 101.67 102.99 
30.0 40.08 81.41 76.81 70.46 76.71 82.07 93.32 96.29 98.16 98.94 104.46 110.04 114.16 114.42 117.41 120.19 124.80 126.88 
36.0 74.46 76.74 92.64 VS.61 93.67 100.64 113.17 118.60 118.69 119.44 126.11 132.73 137.66 140.30 141.16 144.38 149.48 161.93 

40.0 SO.66 91.27 110.64 114.46 111.49 119.61 134.43 138.31 140.84 141.34 149.24 166.90 162.60 166.62 164.41 170.10 176.68 176.77 
46.0 107.76 107.97 129.76 134.36 131.02 139.49 167.04 141.40 143.96 144.67 173.78 162.63 188.96 192.22 193.16 197.30 203.36 207.13 
60.0 124.18 126.80 160.17 166.47 161.64 161.04 160.94 186.81 168.69 189.10 199.70 209.68 216.86 220.37 221.32 216.94 232.47 238.97 
66.0 146.82 144.73 171.74 177.77 173.20 163.68 204.14 211.60 214.62 214.90 224.96 238.01 246.16 249.92 260.69 266.99 282.98 286.24 
60.0 166.43 184.73 194.42 201.23 196.97 207.24 232.41 238.48 241.71 241.94 266.60 267.74 274.84 280.94 281.83 287.40 194.87 300.90 

86.0 148.4 186.8 218.2 226.8 219.8 232.0 240.3 244.4 270.1 270.2 266.3 298.9 308.9 313.1 314.1 320.2 328.1 334.9 
70.0 211.7 207.8 243.1 261.6 244.8 267.8 289.1 294.0 299.7 299.4 314.4 331.2 342.3 344.7 347.7 364.2 382.6 370.3 
60.0 241.1 264.9 296.9 306.0 297.7 312.8 360.2 368.2 382.4 361.9 382.1 399.7 412.8 417.4 418.8 426.1 436.6 444.9 
90.0 314.7 306.8 362.7 384.7 364.4 371.4 416.8 426.0 429.4 436.6 462.4 473.0 488.3 493.4 494.4 602.9 613.4 624.6 

100.0 372.3 380.3 413.3 427.3 416.3 434.0 486.7 498.0 601.1 499.6 627.3 660.8 668.6 674.0 674.8 684.4 696.9 608.9 

160.0 714.2 VV3.3 769.8 796.0 772.0 800.9 894.0 910.6 918.0 912.8 963.0 1004.0 1036.0 1041.9 1042.1 1067.2 1074.6 1097.3 
200.0 1143.4 1079.4 1204.6 1243.7 1207.9 1247.0 1390.2 1414.8 1423.1 1412.6 1490.0 1640.2 1689.9 1607.2 1406.1 1427.3 1442.3 1684.4 
260.0 1440.4 1636.8 1703.4 1768.8 1711.6 1768.0 1968.7 1997.2 2000.3 1983.0 2391.8 2161.7 2222.3 2262.9 2249.4 2261.4 2287.8 2363.1 
300.0 2196.4 2043.6 2267.4 2330.8 2270.7 2324.6 2686.4 2849.6 2839.2 2614.2 2767.4 2826.2 2921.7 2988.6 2960.0 3004.0 3000.6 3090.6 
360.0 X300.9 2694.0 B69.7 2962.4 2878.2 2939.7 3272.2 3369.6 3332.0 3290.4 3476.6 3661.4 3479.7 3739.0 3729.1 3786.0 3772.0 3688.4 

400.0 3461. 3188. 3604. 3418. 3631. 3697. 4003. 4118. 4072. 4029. 4249. 4346. 4489. 4684. 4660. 4620. 
460.0 4140. 3816. 4184. 4323. 4214. 4293. 4776. 4864. 4601. 6063. 6179. 6344. 6434. 6414. 6600. 

p& ;;m: 

600.0 4664. 4472. 4902. -1. 4937. 6022. 6686. 
-4~4;: 

6474. 6610. 6914. 6039. 4240. 6346. 6323. 6421. 6373: 6674. 

..*..*..*...***.*...*~.****.********************.*.********.*.***.***********.******.***.**.**~.********.*******.****.***.**..~*.*.* 
E/A SI TE BA LA Pn SH CD 80 m  LU TA 623 I8 AU PB BI la 

60 62 64 67 69 42 64 47 49 71 73 76 n 79 82 83 so VIU 
.~*.1.L~**~.*.***..*.****.*.*.*.*.~.*.******..*.***~*..*..*......*..*.*.**..~*.~**.*.....****...*....*..~....*....*..***..**..~..~.. 

2.6 16.26 14.86 16.17 18.61 19.19 20.14 20.74 21.49 21.93 22.37 22.81 23.28 23.74 24.17 24.73 24.93 24.71 27.27 
3.0 18.31 19.01 20.33 20.44 21.34 22.44 23.11 23.99 24.49 24.99 26.49 26.00 24.67 27.03 27.62 27.82 29.72 30.32 

i:: 20.28 22.18 21.07 23.07 22.39 24.39 22.71 24.49 23.42 26.41 24.64 24.74 27.63 26.34 26.34 26.46 28.91 29.24 27.47 29.86 28.01 30.44 31.03 26.67 31.76 29.22 32.29 29.72 30.34 32.96 30.63 33.13 32.66 36.27 33.19 36.94 
4.6 24.06 26.02 29.36 24.43 27.37 28.80 29.66 30.07 31.60 32.17 32.80 33.42 34.23 34.80 36.48 36.88 37.92 36.81 

6.0 26.89 26.96 28.28 26.66 29.29 30.83 31.73 33.06 33.72 34.44 36.11 36.77 38.66 37.26 37.96 38.14 40.61 41.23 

fit 27.73 29.66 28.67 30.78 30.20 32.11 30.44 32.34 31.20 33.11 32.84 34.83 33.80 36.66 36.22 37.34 36.92 38.09 34.89 36.91 37.39 39.68 36.08 40.37 39.03 41.39 39.86 42.06 40.41 42.63 40.67 42.99 46.69 43.04 43.82 46.38 

E 31.38 33.20 32.49 34.69 36.92 34.01 34.26 36.16 36.00 36.90 38.83 38.62 37.90 39.94 39.60 41.43 40.26 42.42 41.13 43.34 41.91 44.16 42.68 44.93 43.74 48.07 44.43 46.79 46.23 47.43 46.39 47.78 46.10 60.41 48.92 61.48 

it: 36.67 40.68 38.43 42.30 39.76 43.43 39.94 43.81 40.72 44.64 42.62 48.64 44.04 46.18 46.90 60.19 46.76 61.10 47.76 62.19 48.44 63.14 49.47 64.03 60.74 66.42 61.61 68.26 62.42 67.21 62.66 67.36 66.61 80.63 64.62 
41.69 

10.0 44.34 40.22 47.66 47.71 48.46 60.91 62.36 64.62 66.48 66.89 67.66 68.63 SO.12 41.01 62.04 62.17 46.67 88.70 
11.0 46.14 60.20 61.64 61.64 62.40 66.04 66.66 68.90 69.92 41.17 42.27 83.24 84.87 66.81 48.91 47.03 70.76 71.86 
12.0 62.03 64.24 66.68 66.87 66.40 69.22 60.86 83.34 84.40 86.74 44.91 47.96 49.88 70.0 71.83 71.94 76.91 77.06 

16.0 64.04 88.74 46.10 46.11 46.80 72.14 74.10 77.02 78.23 79.82 61.16 82.39 84.44 86.67 88.96 87.04 VI.72 93.04 
20.0 66.43 89.04 90.37 90.23 90.81 96.00 97.64 101.20 102.43 104.43 106.36 107.80 110.39 Ill.77 113.66 113.67 119.61 121.13 
26.0 108.64 113.12 114.43 114.12 114.66 119.74 122.77 127.16 128.82 131.23 133.30 136.01 138.16 139.76 141.97 141.93 149.10 161.12 
30.0 133.40 138.96 140.26 139.76 140.00 146.16 149.77 164.91 166.78 169.42 162.06 144.03 167.72 149.64 
36.0 169.91 

172.23 172.12 180.76 183.03 
166.64 147.78 167.10 147.12 174.33 178.61 104.40 166.48 189.76 192.68 194.82 199.08 201.10 204.30 204.13 214.22 214.84 

40.0 188.1 196.8 197.0 lV4.1 196.9 204.1 206.9 216.4 217.9 221.4 224.8 227.3 232.2 
46.0 217..8 

234.4 238.2 237.9 249.6 262.6 
224.7 227.8 224.7 226.2 236.4 241.0 248.6 261.0 266.2 268.8 241.4 287.0 249.4 273.7 273.4 246.4 290.0 

60.0 248.0 269.2 2'30.2 268.9 266.1 268.6 274.7 282.9 266.7 290.3 294.4 297.4 303.6 306.1 311.0 
66.0 

310.4 326.6 329.2 
281.8 183.2 294.2 292.6 291.4 303.2 309.9 319.0 321.9 327.1 331.6 334.9 341.4 344.4 349.9 349.4 370.1 

40.0 314.0 326.7 
386.0 

329.4 327.6 324.3 339.2 344.7 366.4 369.7 366.4 370.3 374.0 391.3 384.3 390.6 39.9 408.2 412.8 

66.0 361.6 366.7 364.6 384.4 302.6 376.6 384.9 396.7 399.1 406.2 410.6 414.4 422.6 426.7 
70.0 388.6 

432.8 431.9 462.1 467.0 
4Q4.2 404.9 402.4 400.1 416.7 424.6 436.3 439.6 448.6 462.4 464.6 486.3 488.7 

1oo:o E.8 
486.7 

478.2 476.4 497.6 602.9 
486.2 486.7 482.7 479.6 497.8 608.3 621.7 626.7 633.4 640.3 646.2 666.3 668.9 648.0 

838.2 649.9 
667.0 693.1 699.3 

‘383.3 671.7 603.3 671.9 668.6 608.2 663.4 684.0 477.9 686.3 691.4 697.3 412.6 708.8 713.7 417.0 426.8 723.8 833.8 439.4 660.9 664.9 886.4 664.3 094.6 701.7 
732.7 738.9 762.0 764.3 788.7 747.1 601.8 809.9 

160.0 
:::;: 

1193. 1191. 
:A!:- 

1171. 12I2. 
:i%. 

1263. 1270. 1286. 1312. 1333. 1341. 1368. 1431. 
200.0 1830. 1624. 

2636: 

1792. 1664. 

2632: 

ii%. 1936. :;:c :zii:. 

2766: 

1996. 2024. :z :::i 
. 

2171. 

260.0 
p& $66.:. $66:. 

2894. 2776. 2828: 

%%- 

iii;: 300.0 
360.0 4086 : 4214: 4234: 2::* . 

3%. 
4162: 

ZE. 
4277: 

3461. 3618: 
EB;. . 

3669: 3814. i%:. 
4337. 4419. 4480. 4638. g13;. . 4418: g7:. 

3762: 3761. E.2 s!iE. 
. 4719. 4706. 4600. 4922: 

400.0 ‘ix;:. 6134. 6143. 6134. 6046. 6211. 6281. 6379. 6367. 6449. 6622. 6644. 6814. 6648. 6738. 6721. 6824. 6978. 

460.0 887i: 2:::. 4143. 4111. f%i. %fk 4276. 430. 6398. 6471. 
6668. 6683. 

M43. 4704. 4611. 4791. 600.0 . 7149. 7133. . . 7316. 7448. 7464. 7639. 7441. 7888. 7769. 7807. 7932. 7908. z%. . ;E? . 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

mscTMlIC 3TOPPIIG POuEn II UlIIS OF mv/wc/sQ cm 

E/A m5 
4 

. . ..+.*+++++.*1 

3:; 
n-3.1 

tx 
:3x*: 

4:s . :c 

6c I.,...1 
:3:*: g:: 
139:7 

AL SI 
13 14 

~******.*.****1 
f$.; pg.; 

104:s 1oe:z 

:tx :z:t 

m  
22~- 

I..*..*.. 
7e.1 
60.9 
62.4 

::: 

8. 
W 

29 
~**++**+I 

66.1 

f$i 

71:s 

11 

ZR 
w 

~++***,I 

!X 
69.8 
61.0 
61.6 

HO Bn 
42 46 

i:: 168.8 154.9 138.6 137.0 108.4 107.2 103.6 102.5 106.2 104.2 9%: Fi:: 71.9 62.9 
8-i 161.1 147.4 136.1 133.1 106.9 104.6 101.3 103.0 

7:o IO&; . fa;*x , 

E-3 

S2:3 

2.: 71:2 
67.7 67.7 2:: 62.2 62.4 23 
67.8 SO:4 

143.8 131.0 103.0 70.7 2:: 

Ei 

&I 

62.4 62.2 

61.9 2: 

1o:o X.8 

137.1 126.7 100.1 97.8 79.1 76.4 74.7 66.9 61 7 61 2 69 6 

131.0 126.4 122.4 118.4 96.2 K 74.8 73.1 73.2 64.8 63.6 zr: 61:2 60’8 6S:B 60’3 69:4 68’7 67:8 

11.0 120.3 114.6 E’: 6717 EX 68.8 116.7 110.8 all8 71.6 E.3 68.3 12.0 70.0 eB:r Z&3 2: t::: tE 57.7 67.3 E?: 

Y.8 07.4 66.6 69.3 g.; 64.2 60.6 66.2 2:: 66.6 

25:0 E’:F 63:s Et Et 

28 49.8 64.3 48.7 63.0 

4ss:o E-z.: 

46. I 

it8 47.9 51.4 iti . 2:: 5% 43:s 2: 42.0 E:4 2: 40:2 x w:1 42.0 39.4 

28 69.62 65.40 61.16 67.10 49.71 62.91 48.03 61.10 49.43 62.67 47.40 50.31 44.08 42.32 43.94 41.46 41.06 43.48 43.63 41.23 41.29 39.02 39.62 37.37 38.29 38.23 37.91 36.89 37.86 36.86 36.26 37.19 36.63 

6o:o it: 

61.66 53.66 46.96 46.38 48.73 44.88 40.10 39.31 38.96 3S.13 37.06 36.60 34.42 34.13 34.10 33.66 2% 

48.80 48.16 48.08 50.88 44.66 42.43 41.04 43.08 44.36 42.29 42.68 40.72 38.16 30.43 36.76 37.42 36.46 37.10 37.29 36.66 33.77 36.31 33.86 32.38 32.83 31.41 32.68 31.19 32.66 31.18 32.06 30.71 
31:67 
30.26 

65.0 43.85 46.80 W.66 39.24 40.43 38.99 34.90 34.26 33.98 34.19 32.39 31.07 30.14 29.94 29.94 29.60 
70.0 41.80 43.77 38.88 37.62 38.77 37.43 33.61 32.91 32.66 32.07 31.14 29.88 29.00 28.82 20.82 28.41 

1oo:o E-8 

38.34 40.31 36.9s 34.86 36.91 34.73 31.13 30.59 30.37 30.68 28.98 27.83 27.01 26.87 28.88 26.61 

36.62 33.17 37.47 36.10 33.60 31.68 32.64 30.60 33.64 31.64 32.49 30.69 29.14 27.46 28.66 27.00 28.46 26.83 28.67 27.04 27.18 26.64 26.10 24.64 
26.34 
23.92 26.23 23.83 26.26 23.86 24.92 23.66 

160.0 26.62 27.29 24.83 24.08 24.82 24.17 21.74 21.41 21.31 21.62 20.42 19.84 19.08 is.04 19.07 18.06 
21.27 23.11 21.10 20.43 20.94 20.67 18.49 18.16 18.20 18.40 17.44 17.17 16.24 16.30 16.08 
18.76 20.47 18.74 18.16 18.68 18.31 18.46 16.98 16.23 16.42 16.67 16.32 

;f3:3; 
14.62 14.67 14.33 

17.02 18.63 17.08 16.54 16.93 18.71 16.03 14.47 14.83 16.01 14.24 14.01 13.66 13.29 13.36 13.13 
16.74 17.27 16.86 16.36 16.71 16.62 13.97 13.46 13.79 13.96 13.26 13.03 12.61 12.37 12.43 12.23 

g:; 
14.77 16.22 14.90 14.43 14.76 14.61 13.16 12.68 12.98 13.16 12.46 12.27 11.88 11.66 Il.72 11.63 
14.00 15.40 14.16 13.70 14.04 13.88 12.60 12.07 12.36 12.61 Il.87 11.87 11.30 11.10 11.16 10.98 

. 13.38 14.73 13.64 13.11 13.44 13.29 11.97 11.67 11.83 Il.99 11.38 11.1.3 IO.83 10.64 10.70 10.63 

*......+.**..*.++.I....*..*..*.*~..*..*~..***...*....**~...*......~~..*...*.~.*..****.*..*.**............*..*..*..*.... 
E/A Y  TE 81 LA PR Sll CD 80 RI LU TA RE TT13 7gAU PB 83BI 

50 62 66 67 69 62 64 67 69 71 73 76 a2 
. ..+....**U..~l**..l...*..~*.**.~~.**.~.****.*..**.*.*.*.~..~...*...**.*..~..*..*.**....******~*~.~.~~~.*....****.~.** 

E 
46.76 43.00 43.61 43.91 43.48 40.98 39.68 37.44 36.63 36.66 34.96 34.38 33.13 32.71 32.36 32.43 
48.58 46.33 46.32 46.63 40.27 43.70 42.37 40.13 3S.32 38.32 37.61 37.01 36.74 36.27 34.87 34.96 

;:i 
50.49 488.18 48.17 48.49 48.18 46.69 44.26 42.02 41.23 40.23 39.49 38.89 37.62 37.13 35.69 28.78 
61.77 49.44 4S.42 49.74 49.49 46.91 45.66 43.36 42.69 41.69 40.86 40.26 38.99 38.48 38.02 38.10 

. 52.62 50.27 50.26 60.68 50.37 47.61 46.46 44.31 43.66 42.67 41.83 41.23 39.98 39.46 38.98 39.07 

6.0 53.16 50.80 50.77 61.11 60.94 48.41 47.07 44.96 44.24 43.26 42.62 41.93 40.70 40.18 39.88 39.7% 

kf 
53.46 61.11 61.08 61.41 61.28 48.79 47.46 46.10 44.70 43.73 42.99 42.4I 41.21 W.68 40.17 W.26 
53.58 61.26 51.22 61.56 61.46 48.89 47.88 46.67 44.99 44.03 43.31 42.74 41.66 41.03 40.60 40.69 

S:i 
53.57 61.26 51.23 51.66 61.60 49.07 47.77 46.81 46.16 44.21 43.49 42.93 41.77 41.26 40.72 40.80 
53.47 61.17 61.14 61.48 61.44 49.06 47.77 46.80 46.22 44.29 43.68 43.03 41.89 41.38 40.83 40.92 

E 
53.05 50.80 50.77 61.11 61.12 48.80 47.66 46.73 45.13 44.23 43.64 43.01 41.91 41.41 40.88 40.94 

1o:o 
62.46 60.24 50.22 50.66 50.60 48.36 47.15 46.41 44.64 43.98 43.30 42.79 41.73 41.26 40.89 40.77 
51.74 49.6s 49.57 49.90 49.38 47.81 48.63 44.96 44.43 43.69 42.94 42.44 41.42 40.96 40.39 40.47 

11.0 50.98 48.87 48.86 49.18 4S.29 47.19 46.06 44.44 43.94 43.13 42.49 42.01 41.03 40.68 40.01 40.09 
12.0 50.19 48.12 48.11 48.44 48.67 48.63 45.42 43.88 43.40 42.61 41.99 41.63 40.68 W.16 39.68 39.86 

16.0 47.79 46.86 46.86 48.17 46.36 44.48 43.46 42.08 41.66 40.94 W.37 39.96 39.08 38.70 58.14 38.21 

53 
44.11 42.36 42.38 42.67 42.93 41.26 10.34 39.16 38.81 38.19 37.68 37.31 36.66 36.24 36.70 36.77 
W.96 39.36 39.38 39.66 39.93 38.43 37.61 36.67 38.28 36.73 36.26 34.94 34.27 34.00 33.48 33.66 

28 
38.27 36.79 35.84 37.10 37.38 M.01 35.26 34.34 34.08 33.68 33.16 32.86 32.26 32.03 31.63 31.80 
35.W 34.61 34.66 34.91 35.20 33.92 33.23 32.40 32.17 31.72 31.32 31.06 30.60 30.31 29.83 29.89 

2: 34.01 32.129 32.71 31.06 32.77 31.12 33.01 31.36 31.66 33.30 32.12 30.63 31.48 29.93 X.71 29.23 30.51 29.04 30.09 28.66 29.72 28.30 29.47 28.08 28.98 27.60 27.46 28.79 28.33 27.01 28.39 27.07 

6o:o iv4 

30.77 29.61 29.67 29.89 30.10 29.13 28.67 27.91 27.74 27.38 27.06 26.84 28.39 26.26 26.83 26.89 

29.42 28.22 23.32 27.16 28.38 27.23 28.60 27.43 28.88 27.72 27.89 20.77 27.36 26.27 26.74 26.69 24.69 26.64 26.24 26.22 26.93 24.02 26.73 24.74 26.31 24.34 26.19 24.23 24.78 23.83 24.84 23.89 

RX 
is?8 

1oo:o 

160.0 

FE:: 

Et:: 

:t-tt 
12:St 

:::: 

%:Z 
9.66 

26.19 28.3S 20.67 26.76 26.28 24.74 24.80 
26.26 25.44 25.72 24.86 24.39 23.87 23.76 
23.60 23.79 24.00 23.25 22.83 22.3% 22.25 
22.22 22.39 22.66 21.90 21.61 21.08 20.98 
21.02 21.19 21.45 20.74 20.36 lS.W 19.89 

16.92 17.06 17.26 16.73 16.46 16.16 16.09 
14.47 14.68 14.79 14.33 14.09 13-m 13.81 
12.82 12.92 13.12 12.74 12.61 12.3S 12.39 
11.76 11.80 11.97 11.70 11.68 Il.38 11.38 
10.06 Il.00 Il.17 IO.91 10.80 10.62 10.63 

1yg 

9146 

1;.z3; 

9149 

g.X; 

9164 

1y; 

s:42 

y’: 

9:33 

1”B.g 

0: I8 

1y; 

9:is 
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24.01 ?i% 
21:6B 
20.36 
19.31 

23.46 

xi 
20:06 
19.02 

16.43 

x 
lo:96 
10.23 

9.78 9.77 9.67 
9.33 9.31 9.22 
8.96 8.94 8.86 

23.36 

::::7” 
19.98 
18.96 

:!E 
1i:az 
10.87 
10.10 

9.60 

X::; 

22 .sa 
22.19 
20.82 
19.66 
IS.66 

23.03 
22.26 

:E: 
is:70 

22.07 21.88 
21.32 21.12 
20.01 19.83 
18.89 IS.72 
17.93 17.77 

16.14 
13.03 
II.63 
10.70 
10.00 

16.19 

::z 
10: 73 
10.03 

14.67 
12.89 

:A% 
9:96 

22 
g:p 
66.4 
66.8 
66.2 
64.4 
63.6 

61.2 
47.3 

ET; 

29.09 
28.02 
26.18 
24.69 
23.26 

18.63 
19.14 
14.63 

::::: 

::z 
IO:67 

***.**.I 
ill 

90 
******.I 

31 .oa 
33.47 
36.18 

ZE 

37.99 
38.46 
38.76 

zz! 

39.08 
38.92 
38.63 

~:~~ 

E:f 
32:07 
30.22 
28.69 

17.17 
26.91 
24.79 
23.79 
22.89 

4:G 
I..... 

49.0 
61.9 
63.8 
66.1 
66.0 

it.: 
64:6 
63.8 
62.9 

E.4” 43:o 
g:: 

36.86 
33.83 
32.23 
30.81 
29.64 

28.40 

:x 
24:06 
22.76 

18.29 
16.67 
14.03 
12.86 
II.99 

11.31 

2:;; 
,...*. 

92” 
,....I 

30.73 
33.08 
34.77 
36.00 
36.90 

37.64 
37.99 
33.30 
38.60 
38.61 

38.83 
38.47 
38.19 
37.64 
37.43 

38.09 
33.81 
31.73 
29.90 
28.31 

2e.90 
26.86 
24.66 

:::i; 

14.46 
12.47 
11.22 
10.32 

9.66 

9.12 
8.70 
8.30 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAIGB 16 UlIIS OF nG/sq QI 
196 

m 101s 
78 

E/A BB 
6" 12 

IG AL SI Cl TI CR FE II (II GE SE SR m no RI1 
4 13 14 20 22 24 24 28 29 32 34 38 40 42 46 4!G 

I**....,.+.....**.**.*.~..*.**~*..*.**.~*.~**.*.~**.*.*...*..*..***.**.*..**~.**...*****........*****......**.****....**....*..*...* 
2.6 4.270 6.990 8.441 0.440 8.290 9.870 10.670 11.219 11.420 12.060 12.320 13.190 13.630 14.199 14.420 14.464 16.092 16.480 

3.: 
4.834 4.7l4 9.390 9.386 9.220 10.924 11.896 12.607 12.962 l3.419 13.782 14.762 16.277 16.904 19.148 14.460 17.089 17.410 

410 
7,404 7.418 10.247 10.317 10.148 11.964 13.087 13.767 14.242 il.?41 16.193 14.266 14.869 17.639 17.603 18.lb8 18.981 19.263 
7.984 8.116 11.132 11.244 11.096 12.973 14.264 14.988 16.611 14.037 14.674 17.729 18.403 19.132 19.419 19.840 20.900 21.041 

4.6 8,677 8.811 12,021 12.177 11.983 13.989 16.436 16.211 14.748 17.319 17.940 19.177 19.924 20.701 21.003 21.482 22.688 22.794 

2 
9.183 9.612 12.916 13.114 12.904 16.007 14.406 17.431 18.021 18.696 19.298 20.819 21.434 22.264 22.676 23.108 24.342 24.629 
9.806 10.219 13.820 14.090 13.937 18.030 l7.780 18.464 19.274 19.870 20.466 22.068 22.939 23.806 24.140 24.724 28.078 213.262 

a:0 10.442 10.934 14.736 16.017 14.778 17.090 18.941 19.862 20.636 21.148 22.016 23.499 24.446 26.363 26.703 29.338 27.803 27.989 
8.6 11.094 11,693 IS.062 16.984 16.731 18.100 20.162 21.119 21.803 22.432 23.381 24.944 26.964 26.903 27.248 27.963 29.624 29.486 
7.0 11.744 12.401 14.401 14.908 14.496 19.161 21.363 22.346 23.079 23.724 24.764 26.397 27.470 28.469 28.839 29.672 31.244 31.406 

t: 
13.16 13.91 18.62 18.97 18.44 21.29 23.79 24.89 26.44 28.34 27.63 29.33 3~2.63 31.40 32.00 32.83 34.49 34.84 

1o:o 
14.41 16.48 20.60 21.03 20.68 23.48 28.29 27.47 28.30 29.00 30.34 32.32 33.44 34.78 36.21 30.13 38.17 38.34 
18.13 17.10 22.63 23.16 22.74 26.72 28.84 30.11 30.99 31.71 33.24 35.36 38.79 38.01 38.47 39.49 41.68 41.90 

:::: 
17.72 10.78 24.43 26.34 24.90 28.01 31.46 32.81 33.74 34.48 36.17 38.46 40.01 41.30 41.78 42.96 46.24 46.60 
19.37 20.61 29.78 27.68 27.09 34.37 34.12 36.64 38.66 37.31 39.17 41.81 43.29 44.46 46.16 49.36 48.86 49.16 

16.0 24.72 24.04 33.69 34.47 34.02 37.78 42.61 44.21 46.34 48.14 48.64 61.44 63.62 66.08 66.64 67.10 80.01 60.49 

;z; 
34.87 39.36 46.12 47.48 46.71 61.27 67.76 69.87 41.26 82.08 46.43 49.19 71.88 73.74 74.42 7~7.31 79.83 80.69 
44.60 48.01 60.04 42.14 400.80 cuI.16 74.63 77.04 76.88 79.62 83.89 88.64 91.90 94.08 S4.82 97.16 101.22 102.64 
69.66 tQ.96 76.32 77.98 74.22 82.38 92.77 96.76 97.40 98.42 103.88 109.47 113.63 114.DO 116.80 119.68 124.14 124.01 

36.0 73.98 76.12 91.89 96.16 92.93 99.90 112.46 116.87 117.94 118.74 126.36 131.93 136.73 139.48 140.33 143.66 148.43 161.07 

40.0 89.48 SO.48 109.71 113.40 110.87 118.47 133.60 137.38 139.70 140.41 148.27 166.87 141.44 144.46 106.34 149.03 174.69 177.87 
46.0 104.66 104.99 128.74 133.30 130.00 138.46 166.89 140.24 142.79 143.41 172.67 181.24 187.43 190.91 191.84 195.97 x)2.01 206.78 
60.0 114.86 124.42 148.93 164.19 160.30 169.80 179.67 184.40 187.18 187.70 198.22 208.04 216.24 218.77 219.74 224.33 230.83 236.30 
66.0 144.26 143.32 170.24 176.26 171.73 182.09 204.60 209.82 212.84 213.23 226.19 234.17 244.27 248.02 249.01 264.08 281.04 244.24 
40.0 144.80 143.08 182.49 199.46 194.26 206.48 230.44 234.49 239.74 239.98 263.43 246.43 274.84 278.42 279.42 286.14 292.80 298.69 

FE:: 
188.6 183.9 214.2 223.8 217.8 230.0 268.0 284.4 247.8 267.9 282.9 298.4 304.3 310.6 311.6 317.4 326.6 332.3 
209.3 206.7 240.8 249.1 242.6 266.6 286.6 293.4 297.1 297.0 313.8 328.4 339.3 343.7 344.7 351.2 369.8 367.2 

28 
268.0 262.1 292.9 303.0 294.8 309.8 347.0 364.9 369.1 368.4 378.6 396.1 409.1 413.9 414.9 422.4 431.7 441.0 

loo:o 
310.9 302.4 349.1 341.0 361.0 387.7 411.8 420.8 426.6 424.6 448.1 408.6 483.7 488.8 489.8 498.3 608.8 619.7 
387.8 368.2 409.0 422.8 411.0 429.4 480.8 491.0 494.1 494.6 622.0 646.4 642.9 668.4 669.3 678.8 690.2 603.1 

160.0 704.9 074.8 740.8 786.8 743.1 791.7 883.8 900.6 $07.7 902.8 962.2 992.9 1023.6 1030.6 1030.7 1046.6 1042.9 1086.3 
200.0 1127.9 1066.4 1189.6 1228.3 1193.0 1231.9 1373.4 1397.7 1404.1 1396.4 1472.2 1621.9 1671.0 1688.2 1687.2 1408.2 1823.1 1444.7 
260.0 1617.8 1616.4 1681.4 1736.2 1489.4 1736.7 1934.0 1972.0 1976.2 1968.2 2046.7 2124.9 2194.7 2225.1 2221.4 2263.3 2269.7 2324.2 
300.0 2144.6 1016.8 2227.6 23wo0.0 2240.7 2294.2 2664.9 2816.1 2806.0 2680.5 2721.9 2791.9 2884.2 2928.6 2922.1 2946.7 2942.4 3061.6 
360.0 2761.2 2600.3 2821.0 2912.8 2839.6 2900.6 3228.8 3314.9 3287.9 3264.8 3432.9 3616.9 3631.3 3490.0 3880.3 3736.6 3722.8 3837.9 

400.0 3401. 3ll:. 3464. 3669. 3480. 3649. 3949. 4042. 4017. 3976. 4192. 4284. 4429. 4603. 4634. 4676. 
460.0 4080, 

4409: %f: ZE. 
4167. 4234. 4710. 4861. 4788. 4734. 4994, 6102. 6271. 6340. 2%. 21. 

600.0 4793. . 4848. 4962. 6614. 6477. 6696. 6632. 6833. 6964. 8164. 6268. 8234: 4333: 
6390. 6641. 
6284. 8486. 

1*......*.**.....*1+~..*.*.*..**..~.*....*~~***.*..*.*~...**.....*..****.....~.**.~.*.***...*~.*~~..**.*.*~..~..**.*..**..*......~*~ 
E/A SI TE 84 LA Fn SU CD BO In LU IA RE IR AU PE 81 nl 

60 62 64 67 69 42 44 67 49 71 73 76 7-r 79 82 83 SC SZU 
. . . . . . ..*..+..*...**.*.*.****..*.*..**.**....*...**.~*....~~.......*.*.....*.*.....~**~.***.....*******~*....~.**....*..~...***..~*. 

::: 
14.24 16.84 18.14 18.60 19.18 20.14 20.72 21.47 21.91 22.36 22.79 23.28 23.72 24.16 24.71 24.91 28.88 27.24 
18.30 19.00 20.32 2D.46 21.34 22.44 23.09 23.98 24.48 24.98 26.47 26.99 24.66 27.01 27.61 27.80 29.69 30.29 

3.6 20.27 21.04 22.38 22.70 23.41 24.62 26.34 28.36 26.90 27.44 28.00 28.66 29.21 29.70 30.33 30.62 32.53 33.18 

::: 
22.17 23.00 24.38 24.68 26.40 28.73 27.61 28.63 29.22 29.84 30.42 31.01 31.76 32.28 32.94 33.12 36.26 36.92 
24.04 26.01 24.34 26.42 27.36 28.78 29.43 30.86 31.48 32.14 32.78 33.40 34.22 34.78 36.47 36.86 37.89 38.69 

6.0 

::: 

26.88 20.94 28.27 28.64 23.28 30.81 31.71 33.04 33.70 34.43 36.09 36.76 30.83 37.23 37.94 38.12 40.48 41.21 
27.7l 28.84 30.18 30.44 31.19 32.82 33.77 36.19 36.89 38.47 37.37 38.08 39.01 39.44 40.39 40.66 43.03 43.79 

t:: 

29.63 30.76 32.09 32.33 33.08 34.81 36.82 37.33 39.07 38.89 39.43 40.36 41.37 42.03 42.80 42.97 46.68 40.34 
31.36 32.66 33.99 34.23 34.98 38.80 37.87 39.47 40.23 41.10 41.88 42.43 43.71 44.40 46.20 46.34 48.07 48.88 
33.18 34.67 36.89 36.12 36.87 38.79 39.91 41.69 42.39 43.30 44.12 44.89 40.04 46.76 47.69 47.76 60.64 61.41 

8.0 38.84 38.39 39.72 39.92 40.87 42.77 44.00 46.86 40.70 47.70 48.69 49.42 60.49 61.44 62.37 62.61 66.66 64.44 

10':: 
40.63 42.26 43.68 43.76 44.60 46.78 48.11 60.13 61.04 62.12 63.08 63.97 66.36 66.18 67.16 67.28 40.66 41.61 

:::: 

44.27 44.16 47.49 47.44 48.38 60.84 62.27 64.44 66.40 64.68 67.40 68.64 $0.04 80.92 61.96 42.08 66.68 04.40 
48.07 60.12 61.46 61.67 62.31 64.94 66.48 68.80 69.82 61.07 62.17 43.14 134.77 45.70 68.81 66.92 70.46 71.73 
61.93 64.14 66.47 66.67 64.29 69.10 60.74 83.22 64.28 46.62 85.78 67.83 49.66 70.64 71.71 71.81 76.77 74.91 

16.0 
20.0 

43.87 66.69 47.93 47.94 88.42 71.98 73.91 74.83 78.04 79.42 80.99 82.19 84.23 86.37 86.78 86.83 91.60 $2.82 
86.12 88.73 90.04 89.92 SO.49 94.73 S7.21 100.88 102.29 104.29 104.00 107.46 110.03 111.41 113.19 113.21 119.12 120.74 

26.0 108.08 112.63 113.94 113.64 114.04 119.24 J22.24 124.44 128.29 130.70 132.74 134.47 137.69 139.19 141.40 141.37 148.69 160.62 
30.0 132.73 138.27 139.66 139.07 139.32 146.47 149.06 164.17 166.03 168.84 141.29 143.24 166.94 148.76 171.43 171.33 179.92 182.19 
36.0 169.02 146.41 144.84 144.18 144.21 173.38 177.66 183.42 186.49 188.76 191.67 193.79 198.04 200.06 203.24 203.07 213.11 216.72 

::: 
186.9 194.4 196.8 194.9 194.7 202.9 207.7 214.3 218.4 220.3 223.6 220.0 230.9 233.1 238.8 234.6 248.1 261.1 

2: 

216.3 226.2 224.3 226.2 224.8 234.1 239.6 244.9 249.4 263.4 267.2 269.9 246.4 247.8 272.1 271.7 284.9 288.2 
247.3 267.4 268.4 267.1 266.3 204.8 272.8 281.0 283.8 288.4 232.4 296.6 301.6 354.1 309.0 308.6 323.3 327.0 

40:o 
279.7 291.0 25'2.1 290.6 289.3 331.0 307.7 314.7 319.7 324.8 329.2 332.4 339.2 342.0 347.6 347.0 383.6 387.4 
313.4 326.2 327.1 326.3 323.8 334.7 344.1 364.0 367.1 382.7 387.4 371.2 378.6 301.6 387.7 387.1 406.3 409.8 

%-: 
348.8 382.8 393.7 361.6 369.7 373.8 382.0 392.6 394.0 402.1 407.6 411.4 419.4 422.6 429.3 428.0 448.7 453.4 

8o:o 
386.4 400.8 401.4 399.2 394.9 412.4 421.2 432.8 438.3 442.9 448.8 463.0 491.7 466.0 472.6 471.7 493.7 499.0 

90.0 
462.4 481.0 481.6 478.6 476.4 493.4 603.9 617.2 621.2 628.9 636.7 640.4 660.4 664.3 693.3 662.3 588.1 6S4.3 

100.0 
644.9 644.6 696.7 693.1 669.0 680.0 692.0 807.1 411.4 420.3 628.2 933.7 846.2 $49.2 959.7 (168.6 -8.6 (196.6 
932.2 667.0 467.0 662.4 647.6 471.4 b86.2 702.2 707.1 714.9 726.9 732.1 746.1 749.4 741.4 740.1 794.6 802.6 

160.0 
::z- 

1180. 1179. 1170. 1168. 1199. 1222. 1249. 1267. 1273. 1288. 1298. 1319. 

iti::: 

1326. 

y:: 2%: 

1347. 1343. 1403. 1416. 
1806. 1791. 1771. 1832. 1884. 1904. 1914. 1969. 1973. 2003. 
2623. 2473. 2667. 2400. 2461. 2441. :tz, 

2011. 2044. 2111. 
2726. 2742. 

EC: 
::tG. 

27El. 

2% 3319. 
y&. 3367. 3408. 3474. 3483. 3624: 

2794. 2839. iE~ 2911. :i::: 

4012: . 41631 
3649. 3687. 3434. 

4179. . 4221. 4281. 4342. 4371. 
3790. 3881. 

4422. 4480. 4600. 
p& y;. 

4669. . . 
z7; : 

. 4739. 4869. 

400.0 
E? 

6W6. 
460.0 6096. z:. 

4998. 6142. 6211. 6308. 6318. 6377. 6449. 6471. 6640. 
0022. SOal. 6944. 4112. 4191. 4306. 

5673. 5843. 6444. 6747. 6900. 

600.0 4777. 7022. 7071. 7034: 4938. 7126. 7214. 7344. 
g3:: 23:. 6470. $496. 6674. g8;. 4720. 4700. 4810. 6996. 

. 7638. 7664. 7664. . 7826. 7801. 7920. 8139. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

197 
IZECTR011C SIOPPIIQ muzen II USITS OF NEV/tNG/SQ QI) AU IODS 

79 

WA EE 
4 ec 12 

ni AL SI CA TI CR FE 61 W GE SE SR ZR no It6 
13 14 20 22 24 28 28 29 32 34 36 4G 42 46 4:" 

~*..*,,***..~..**.+....~*~.*~~**..~*..~~*..***.*~*.*.***~***...*.**.*...*...*.**~**.*..***.~*.**.**~.*..*.*~~....~~...*.*....*.***** 

2: 174.7 176.3 132.7 136.4 108.3 110.6 102.9 106.2 103.8 106.3 Lx 2.; . 74.8 72.3 76.3 70.1 66.4 kti: 

172.2 141.0 111.4 109.2 107.4 Tk: 
148.9 141.8 111.4 106.2 107.7 

$4 2: g:: 
166.2 141.6 110.8 106.8 107.3 97:1 e4:4 tki 76.4 

.E:: 181.4 167.6 140.4 136.9 109.9 108.7 103.9 lD4.9 104.4 106.6 Ef 84.2 
83.9 E:X ;::: E-t z 

8:: 163.8 149.9 137.1 136.1 107.4 106.0 102.7 101.4 104.4 103.2 Ed ii*: Fli.2 fi:: n:1 74.7 67:6 

7.0 149.3 133.0 104.6 100.1 101.9 93:6 01:s 78:s 77.1 76.2 z . 

1o:o t: 139.9 128.7 '"A.; . z.$ . Z:i 2%: 62.4 e2*1 133.4 127.8 124.6 120.4 61.2 E% . 

11.0 122.4 114.6 2: i!E: E-E z.: zi: FP 
12.0 117.9 112.8 9o:a 8712 as:2 a:1 68:2 56:7 

16.0 106.0 103.1 44.1 ES %f 77.4 z-t 41.4 Et! 66.6 66.6 66.2 62.0 61.1 

3G:o SE %*i 7216 7314 Ed 

76.0 . es.9 

66:3 61.2 

66.1 61.7 50.8 50.4 
3 

FiGI 
61.4 47 4 47 0 

36.0 M.1 87.4 66:s 
zz 
67:4 

z-i 
54:8 

47.9 2.: 
4216 

44'3 
41:6 

43'7 
4110 

2.: 
46.6 47.7 44.8 40:s 

40.0 gO.96 e2.47 63.98 62.14 63.64 61.32 46.77 44.81 44.36 44.60 42.11 40.30 39.06 38.86 38.69 37.91 37.24 38.34 
46.0 56.86 58.36 50.74 49.02 50.46 48.37 43.18 42.30 41.89 42.Oe 38.81 38.12 39.96 36.81 38.67 35.94 36.36 34.60 
60.0 63.03 64.84 47.94 4e.34 47.70 46.81 40.93 40.12 39.76 39.93 37.61 38.23 36.12 34.63 34.80 34.23 33.09 32.66 
66.0 49.92 61.81 46.60 43.99 46.30 43.67 38.96 38.21 37.87 36.06 3e.04 34.66 33.61 33.25 33.23 32.71 32.21 31.44 
60.0 47.23 49.14 43.36 41.93 43.16 41.69 37.20 3e.61 u1.20 38.40 34.48 33.08 32.07 31.84 31.83 31.36 30.89 30.16 

66.0 44.67 49.63 41.44 40.09 41.30 39.82 35.64 34.99 34.71- 34.91 33.07 31.73 30.78 30.68 30.67 30.12 29.70 29.00 
70.0 42.76 44.74 39.73 38.46 39.61 38.24 34.24 33.42 33.34 33.67 31.81 30.62 29.42 29.44 29.44 29.02 28.82 27.96 
40.0 39.25 41.24 36.80 36.62 38.71 36.60 31.81 31.24 31.04 31.26 29.42 26.43 27.40 27.45 27.44 27.09 2s.73 28.12 
90.0 3e.34 38.34 34.34 33.26 34.30 33.22 29.79 29.28 29.09 29.31 27.78 26.46 26.90 26.76 26.60 26.44 26.14 24.68 

100.0 33.96 35.92 32.30 31.29 32.24 31.26 26.07 27.80 27.43 27.66 24.22 26.19 24.44 24.36 24.38 24.07 23.77 23.24 

160.0 28.16 27.94 26.41 24.45 26.41 24.74 22.25 21.91 21.81 22.02 20.89 20.10 19.62 19.48 19.61 19.30 19.04 18.71 
200.0 21.80 23.46 21.81 20.93 21.45 21.07 18.93 16.68 18.44 18.86 17.64 17.68 16.99 14.43 14.89 le.47 14.43 16.04 
260.0 19.23 20.98 19.20 18.80 19.02 18.70 16.87 14.37 19.42 14.82 16.96 16.89 16.17 14.87 14.93 14.67 14.88 14.37 
300.0 17.46 19.09 17.60 18.96 17.36 17.13 16.41 14.82 16.19 16.38 14.69 14.35 13.88 13.41 13.47 13.46 13.43 13.18 
360.0 16.14 17.70 14.24 16.73 14.11 16.91 14.32 13.79 14.13 14.31 13.68 13.36 12.92 12.66 12.74 12.63 12.70 12.26 

400.0 16.14 18.83 16.27 14.79 16.15 14.97 13.48 13.00 13.31 13.48 12.79 12.68 12.17 11.96 12.01 11.82 11.98 11.69 
460.0 14.36 16.79 14.51 14.06 14.39 14.23 12.81 12.37 12.44 12.83 12.17 11.94 11.68 11.36 11.43 11.26 11.40 11.04 
600.0 13.72 16.11 13.88 13.46 13.78 13.63 12.27 11.84 12.13 12.29 11.47 11.44 11.10 10.91 10.94 10.79 10.94 10.69 

11 l *.*...***..*...**... 

E/P 9 TE 
60 62 

.*.** . . . . . . . ..*.***.** I .  

2.5 48.13 43.95 
3.0 49.03 46.75 
3.6 50.99 46.44 
4.0 62.32 49.94 
4.6 63.21 50.93 

I........ 
BP 

54 
I******** 

t?E 
4a:s4 
49.94 
60.80 

~..***.....***.********.*****~****.*.***....*~****.*.**..************. 
IA m  se GO IlO ln LO l-A iu3 In 

57 69 42 44 47 69 71 73 76 77 
~.*.*.**+*.+***~$***********...~..*..*.*.****~**.*..*.~.*.*****..****, 
44.24 43.83 41.29 40.00 37.74 38.92 36.94 36.24 34.66 33.40 
47.04 46.49 44.09 42.76 40.49 39.47 38.47 37.94 37.34 34.04 
48.97 48.85 48.04 44.68 42.43 41.43 40.42 39.88 59.27 37.99 
60.27 60.00 47.40 Qb.03 43.82 43.03 42.02 41.27 40.47 39.39 
61.14 60.92 48.33 49.97 44.79 44.04 43.03 42.26 41.48 40.42 

AU w 61 ln u 
79 82 63 so 92 

~++.*..,*..*****.******..*~.***~~. 
32.97 32.40 32.49 31.33 30.97 
35.69 35.16 36.27 33.77 33.37 
37.49 37.05 37.13 36.62 36.11 
36.66 38.41 38.60 34.81 36.37 
39.89 39.41 39.49 37.74 37.30 

6.0 
6.6 

8:: 
7.0 

8.0 
9.0 

10.0 
11.0 
12.0 

16.0 
20.0 
26.0 

2: 

2: 
60.0 
66.0 
60.0 

2: 
6o:o 
90.0 

100.0 

160.0 
200.0 

1::: 
360.0 

is8 
600:0 

53.77 61.39 61.34 61.70 61.62 46.94 47.41 46.48 44.74 43.76 43.00 42.40 41.16 40.43 40.13 40.21 38.42 37.96 
64.09 61.72 61.49 62.03 61.89 49.36 48.02 46.94 46.23 44.24 43.60 42.91 41.49 41.18 40.04 40.72 36.90 38.44 
64.24 61.88 61.86 62.19 62.09 49.69 48.26 44.23 46.64 44.57 43.83 43.25 42.06 41.62 40.99 41.08 
64.26 61.91 61.87 62.21 62.15 49.69 48.37 4e.39 46.72 44.76 44.04 43.47 42.29 41.74 41.22 41.31 

g.:; E.2 

64.10 61.84 61.80 62.14 62.10 49.69 48.39 40.46 46.80 44.66 44.14 43.66 42.42 4l.sO 41.36 41.44 39:66 3S:10 

63.77 51.48 61.46 61.79 51.60 49.48 48.19 44.34 45.73 44.82 44.12 43.54 42.47 41.90 41.40 41.48 39.40 39.14 
63.18 60.96 60.92 61.24 61.31 49.04 47.81 44.04 45.46 44.68 43.90 43.38 42.30 41.82 41.26 41.33 39.46 39.00 
62.49 50.30 50.28 60.41 60.70 48.49 47.30 46.80 46.09 44.21 43.64 43.04 42.01 41.64 40.96 41.04 39.18 38.73 
61.73 49.69 49.67 49.90 60.02 47.88 48.72 46.09 44.66 43.76 43.11 42.62 41.62 41.17 40.69 40.67 38.83 38.38 
50.84 48.86 48.64 49.le 499.30 47.23 44.10 44.53 44.04 43.26 42.42 42.16 41.18 40.76 40.17 40.25 38.42 37.99 

48.66 48.69 40.69 44.90 47.10 45.16 44.14 42.74 42.31 41.69 41.00 40.67 39.70 39.31 38.73 38.81 37.00 36.46 
44.66 43.08 43.10 43.39 43.44 41.94 41.02 39.82 39.47 38.83 38.31 37.94 37.17 38.85 36.29 38.37 34.74 34.37 
41.48 40.06 40.08 40.37 40.44 39.11 38.27 37.22 3e.92 36.36 36.88 36.56 34.87 34.40 34.07 34.14 32.43 32.26 
38.98 37.47 37.62 37.76 38.07 38.97 36.90 34.94 34.70 34.19 33.74 33.44 32.44 32.42 32.10 32.17 30.76 30.46 
38.67 36.24 35.31 36.67 36.84 34.66 33.66 33.01 32.76 32.31 31.91 31.64 31.07 30.67 30.38 30.46 29.13 26.63 

34.87 33.36 33.41 33.86 33.96 32.74 32.08 31.30 31.10 30.44 30.29 30.04 29.61 29.34 28.87 26.84 27.69 27.42 
32.@3 31.88 31.74 31.97 32.27 31.13 30.62 29.60 29.81 29.21 24.84 26.63 28.14 27.99 27.64 27.80 28.42 26.16 
31.39 30.21 30.27 30.49 30.79 29.72 29.14 28.47 28.30 27.92 27.68 27.37 24.92 29.76 28.36 28.41 26.29 26.04 
30.02 26.90 26.94 29.18 29.47 28.46 27.91 27.28 27.13 28.77 28.46 28.26 25.62 26.70 26.26 26.34 24.27 24.04 
28.40 27.73 27.79 28.00 28.29 27.32 26.61 24.22 24.07 26.74 26.44 25.24 24.64 24.72 24.32 24.36 23.36 23.13 

27.70 28.87 29.74 26.94 27.23 28.30 26.81 26.25 26.12 24.80 24.61 24.33 23.94 23.84 23.46 23.61 22.62 22.31 
X.71 26.71 26.76 26.98 26.24 26.38 24.91 24.38 14.26 23.95 23.97 23.60 23.13 23.04 22.84 22.72 21.77 21.67 
24.97 24.04 24.11 24.30 24.67 23.76 23.32 22.84 22.73 22.45 22.20 22.04 21.70 21.42 21.27 21.32 20.44 20.26 
23.60 22.43 22.70 22.66 23.16 22.36 11.98 21.64 21.44 21.16 20.95 20.80 20.49 20.41 20.08 20.13 19.30 19.13 
22.24 21.42 21.49 21.48 21.92 21.20 20.63 20.42 20.32 20.09 19.67 19.73 19.44 19.37 19.00 19.11 la.32 la.16 

17.90 17.26 17.31 17.46 17.48 17.12 18.83 16.53 16.47 16.29 14.12 16.01 16.79 16.74 16.49 16.64 14.91 14.78 
16.36 14.81 14.81 14.s3 16.14 14.47 14.43 14.19 14.14 14.00 13.86 13.77 13.69 13.64 13.34 13.37 13.19 12.76 
13.76 13.28 13.13 13.23 13.43 13.06 12.92 12.89 12.49 12.66 12.36 12.34 12.20 12.11 11.92 11.94 11.67 11.49 
12.81 12.18 12.06 12.09 12.24 ll.S6 11.89 11.64 11.68 11.63 11.36 11.34 11.22 ii.14 10.94 11.00 10.91 10.67 
11.76 11.36 il.24 11.27 11.44 11.16 11.07 10.66 10.89 10.77 10.61 10.69 10.48 10.41 10.24 10.28 10.20 0.66 

11.10 10.72 10.61 10.64 10.80 10.68 10.01 9.91 9.84 9.68 9.71 8.64 9.36 

g.:; 1z.i; 10.11 9.70 1g.g . 1cpg . '"0.2 . 

10g.t; 

9:66 

1"9.2$ 

9141 

lOgAt 

9:42 

l$;:, 

9:31 

1i.C" 

9:ia t:; . X% . X-E * Fit . 9.27 6.90 :.Ei . X.E . 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

197 
UIICE II UlITS OF ffi/SQ QI AU 106.5 

79 

VA BB 8c Is AL SI CA TI CB FE II aJ GE SH SR ZB no rci 
4 12 13 14 20 22 24 28 28 29 32 34 38 w 42 46 4:G 

. ..*.*..*..+*.*..*.+**..*******..*.**~.***~***.********.*......*.~***...**.***.**.**..~..*..~.*~*..~..*..****~..*.........*.*.*...*. 

3:: 
8.270 6.990 8.461 8.440 8.290 9.073 10.870 11.213 11.610 12.OW 12.310 13.180 13.620 14.189 14.410 14.844 16.082 16.470 
8.832 8.716 9.390 9.386 9.228 10.927 11.896 12.602 12.843 13.410 13.773 14.743 16.289 16.898 18.140 18.442 17.082 17.403 

Et 
7.100 7.419 10.248 10.316 10.147 11.968 13.088 13.762 14.233 14.733 16.184 18.248 18.861 17.632 17.797 18.182 18.876 19.247 

4:6 
7.977 8.116 11.130 11.243 11.082 12.974 14.284 14.983 16.601 18.028 18.686 17.717 18.396 19.126 19.409 19.833 20.800 21.036 
8.667 8.810 12.019 12.172 Il.819 13.989 16.433 18.203 10.76? 17.308 17.929 19.187 19.916 20.893 20.996 21.474 22.661 22.788 

2 
9.170 9.608 12.909 13.107 12.900 16.004 18.601 17.421 18.008 18.682 19.288 20.807 21.423 22.248 22.686 23.098 24.333 24.620 
9.788 10.214 l3.810 14.060 13.628 19.026 17.773 18.941 19.280 19.864 20.840 22.043 22.926 23.792 24.127 24.712 24.068 28.240 

8.0 10.421 10.927 14.722 16.004 14.788 17.063 18.961 19.888 20.618 21.129 21.998 23.480 24.427 26.338 26.1387 28.322 27.788 27.964 
8.6 11.070 11.661 16.846 16.W.B 16.716 18.089 20.138 21.089 21.780 22.410 23.368 24.922 26.932 26.883 27.248 27.933 29.604 29.868 
7.0 11.736 12.388 18.681 18.947 18.876 19.138 21.336 22.342 23.062 23.898 24.727 28.371 27.444 28.434 28.814 29.648 31.220 31.381 

-E 
13.11 13.89 18.49 18.94 18.83 21.28 23.77 24.88 26.83 28.30 27.60 29.30 30.49 31.68 31.97 32.80 34.88 34.83 

1o:o 
14.69 16.46 20.46 20.99 20.86 23.44 29.26 27.43 28.26 28.96 30.31 32.27 33.69 34.73 36.18 36.09 38.12 38.31 
18.07 17.08 22.48 23.10 22.71 26.97 28.79 30.06 30.93 31.86 33.18 36.29 38.73 37.96 38.41 39.42 41.82 41.84 

11.0 17.64 18.72 24.68 16.27 24.84 27.98 31.39 32.74 33.87 34.41 38.10 38.37 39.94 41.23 41.71 42.81 46.16 46.42 
12.0 19.28 20.44 28.70 27.60 27.02 30.30 34.04 36.48 36.48 37.22 39.08 41.61 43.20 44.68 46.06 48.26 48.76 49.08 

16.0 24.68 26.93 33.47 34.66 33.90 37.87 42.39 44.07 46.21 46.01 48.40 61.31 63.37 64.93 66.60 66.96 69.88 80.33 

x 
34.62 39.18 46.90 47.48 49.61 61.08 67.62 69.83 61.00 61.84 86.17 88.93 71.61 73.60 74.16 76.04 79.66 80.41 

30:o 
46.14 47.70 69.72 81.80 80.48 86.83 74.17 78.89 78.31 79.16 83.60 88.13 91.48 93.07 94.40 83.73 100.79 102.10 
69.04 90.61 74.86 77.61 76.77 81.93 92.26 96.22 97.07 97.90 103.33 108.90 112.94 116.42 116.21 118.98 123.66 126.40 

36.0 73.29 74.63 S1.28 94.62 92.32 99.29 111.78 116.17 117.26 118.03 124.62 131.18 136.94 138.60 139.66 142.76 147.82 160.26 

88 82 89.73 108 92 112 79 110.08 117.88 132.62 138.48 138.79 139.61 147.32 164 89 160.43 183 46 164 36 168.01 173 66 178.61 
%:: 106:60 109.06 127176 132129 129.03 137.87 164.79 169.11 181.88 182.29 171.39 180:03 188.38 189:66 190’69 194.70 200’71 204 44 
60.0 123.68 123.48 147.74 162.97 149.12 168.80 178.23 183.03 186.81 188.34 190.79 208.66 213.73 217.26 218:21 222.79 229:26 233:70 
66.0 142.74 141.97 168.84 174.79 170.32 180.98 202.91 208.20 211.21 211.61 223.48 234.40 242.46 248.20 247.19 262.23 269.17 264.36 
80.0 163.03 101.60 191.03 187.74 192.60 203.81 228.79 234.69 237.82 238.08 261.43 263.66 272.61 276.49 277.49 283.00 290.41 296.36 

66.0 184.4 182.0 214.3 221.8 216.9 228.0 266.8 262.2 266.6 266.7 280.6 294.0 303.9 308.1 309.1 316.1 322.9 329.7 
70.0 208.9 203.6 238.8 248.9 240.3 263.3 284.1 290.9 294.8 294.6 311.0 326.6 336.6 340.9 341.9 348.4 366.7 364.3 

Eo” 
266.1 249.6 290.1 xK).Z 292.0 308.8 343.8 361.7 366.8 366.4 376.2 392.6 W6.6 410.3 411.3 418.7 428.0 437.2 
307.3 299.0 346.6 367.4 347.8 384.2 407.8 416.9 421.6 420.6 444.0 464.2 479.2 484.4 486.3 493.8 604.1 616.0 

100.0 383.4 362.2 404.8 418.6 W8.8 426.4 476.0 488.2 491.2 489.8 617.0 640.2 667.6 663.0 663.9 673.4 684.7 697.6 

160.0 697.9 8B6.6 762.1 778.8 764.4 782.9 874.0 890.6 897.8 892.7 941.8 982.1 1012.6 1019.4 1019.6 1034.4 1061.6 1073.8 
200.0 1113.0 1062.1 1176.1 1213.4 1178.8 1217.2 1367.1 1381.2 1389.6 1379.2 1466.0 1604.2 1662.7 1689.8 1668.8 1689.7 1604.4 1646.6 
260.0 1696.8 1496.6 1660.2 1714.3 1888.3 1714.2 1910.0 1947.7 1960.9 1934.2 2040.3 2099.0 2167.9 2198.0 2194.7 2226.0 2232.6 2298.2 
300.0 2134.8 1988.9 2198.6 2270.2 2211.7 2264.9 2622.3 2681.8 2671.9 2647.8 2887.4 2766.7 2847.9 2891.7 2886.6 2928.6 2926.4 3013.6 
360.0 2722.6 2626.6 2783.6 2874.2 1801.9 2882.6 3186.4 3271.6 3246.1 3212.6 3388.3 3469.1 3684.6 3842.6 3833.0 3688.6 31376.2 3788.8 

400.0 
2%: 

3100. 3410. 3621. 3433. 3601. 3898. 4008. 3964. 3922. 4137. 4230. 4371. 4443. 4430. 4499 4476. 4616. 
460.0 3709. 4072. 4204. 4101, $I;. 4646. 4786. 4724. 4672. 6034. 6201 6289. 
600.0 4726. 4347. 

6272. 6364. 6316. 6487. 
4767. 4922. 4801. . 6432. 6699. 6619. 6467. YE%: 6876. 8070. 6173. 6162. 6248. 6201. 6399. 

~.**..*****.*.***.**.*.***..***..**.****..**.***.*.**~*~.**..**.***..*~*.*.*.~*.***.**.****~***..*.~**..*..*~...**.~**.**.~.*..*.~~. 
E/A S6 T6 BA LA fR SI! GD HO 'I?l Lll TA Ft.6 IFc PU P6 BI Xi 

60 62 66 67 69 62 84 67 69 71 73 76 77 79 82 83 so 92” 
*..***.C*~~*..*...*+..*..*..~...*..*...~...*.~...*..**.*.**..~..........***...*****.*...~.*.*****~**.**~......*........~...*..~*~*~ 

2.6 
3.0 

16.23 16.83 18.16 18.49 19.17 20.13 20.71 21.46 21.90 22.33 22.77 23.24 23.70 24.13 24.69 24.89 26.66 27.22 

:?I 

18.30 19.00 20.32 20.84 21.34 22.44 23.09 23.97 24.47 24.94 26.46 26.97 28.64 27.00 27.69 27.79 29.68 30.28 
20.26 21.06 22.38 22.89 23.40 24.62 26.34 28.34 26.89 27.46 27.99 28.64 29.19 29.69 30.32 30.61 32.62 33.16 

4:6 
22.17 23.06 24.38 24.88 26.40 28.72 27.61 28.62 29.21 29.83 X.41 31.00 31.74 32.27 32.92 33.11 36.24 36.90 
24.04 26.01 28.33 28.62 27.36 28.78 28.62 30.86 31.47 32.14 32.77 33.39 34.20 34.77 36.46 36.63 37.08 38.68 

2: 
26.88 28.94 28.28 28.63 2S.27 30.81 31.71 33.03 33.69 34.41 36.08 36.73 35.62 37.21 37.93 38.10 40.47 41.19 
27.70 28.86 30.17 30.43 31.18 32.81 33.77 36.18 36.88 38.66 37.36 38.04 38.99 39.62 40.37 40.64 43.01 43.77 
29.62 30.76 32.07 32.32 33.07 34.80 36.81 37.32 38.06 38.87 39.61 40.33 41.36 42.00 42.78 42.94 46.64 48.32 
31.34 32.84 33.97 34.21 34.96 38.78 37.86 39.46 40.21 41.07 41.86 42.80 43.68 44.37 46.18 46.33 48.04 48.86 
33.16 34.64 36.87 3B.10 38.86 38.76 39.89 41.67 42.30 43.27 44.06 44.88 48.01 46.72 47.66 47.72 60.63 61.38 

8.: 
38.80 38.36 39.69 39.89 40.64 42.74 43.98 46.81 46.86 47.88 48.66 49.38 60.86 61.42 62.32 62.46 66.61 66.41 

lo:o 
40.48 42.20 43.63 43.71 44.48 48.74 48.07 60.08 60.98 62.07 63.02 63.91 66.29 66.12 67.09 67.22 80.49 61.46 

:::: 

44.21 48.09 47.43 47.68 48.32 60.78 62.21 64.37 66.33 66.60 67.63 68.47 69.96 80.86 61.88 62.00 66.60 88.62 
47.99 60.04 61.37 61.60 62.23 64.86 68.40 68.72 69.73 60.98 62.07 83.07 84.87 86.61 86.71 66.82 70.66 71.63 
61.83 64.04 66.36 66.47 68.20 69.01 80.64 63.11 84.17 86.61 88.87 87.71 69.43 70.42 71.69 71.89 76.66 76.79 

ii-: 
63.71 89.43 87.77 87.78 88.47 71.80 73.74 76.88 ‘17.88 79.44 80.80 82.00 84.04 86.18 88.67 88.64 91.31 
84.83 88.43 89.76 89.93 90.20 94.44 90.90 100.64 101.97 103.S8 106.66 107.11 109.69 111.08 112.84 112.88 II8 78 1%::; 

26:0 107.83 112.18 113.48 113.18 113.81 Il8.77 121.76 128.14 127.79 130.19 132.24 133.96 137.08 138.88 140.87 140.83 148103 149.98 
30.0 132.08 137.80 138.90 138.42 138.87 144.80 148.37 163.47 166.32 168.14 160.68 162.62 188.19 167.99 170.67 170.67 179.13 181.39 
36.0 168.16 164.72 166.98 186.30 186.34 172.49 178.63 182.48 184.64 187.79 190.69 192.81 197.04 199.06 202.22 202.06 212.06 214.86 

2: 
186.8 193.6 194.7 193.8 193.6 201.8 206.6 213.1 216.4 219.1 222.3 224.8 229.6 231.8 236.6 236.3 246.8 249.7 

60.0 
216.0 223.8 224.9 223.8 223.4 232.7 238.0 246.4 247.9 262.0 266.8 268.4 283.8 268.2 270.4 270.1 283.2 286.6 

66.0 
246.6 266.8 266.7 266.4 264.8 286.0 271.1 279.2 281.9 286.6 290.6 293.6 299.8 302.2 307.0 308.8 321.3 326.0 

60.0 
277.7 289.0 290.0 288.4 287.3 298.9 306.8 314.6 317.6 322.8 327.0 330.3 336.9 339.7 346.2 344.7 331.1 386.1 
311.2 323.8 324.7 322.9 321.6 334.3 341.6 361.4 364.6 380.1 386.0 388.6 376.9 378.8 384.9 384.3 402.6 We.9 

g:: 
348.1 360.0 360.8 368.8 367.0 371.0 379.1 389.7 393.0 399.1 404.4 408.4 418.3 419.4 428.2 426.6 446.4 460.3 

it*: 

382.3 397.6 398.4 J96.o 393.8 409.2 417.9 429.4 433.0 439.6 446.3 449.8 468.1 481.4 498.9 468.1 ~9.9 496.2 
468.7 478.9 477.6 474.6 471.4 489.6 499.7 613.0 618.9 624.6 631.3 638.2 646.1 649.8 668.7 667.7 683.4 689.6 

1oo:o 
640.1 681.4 691.7 668.1 664.1 676.0 686.8 601.8 806.3 814.9 622.8 826.3 839.8 843.8 864.1 662.8 882.6 889.7 
626.3 861.0 861.0 84B.7 MI.6 806.4 87B.S 896.8 700.7 710.6 719.4 726.6 738.4 742.7 764.8 763.X 787.4 796.4 

E% 
1124. 1166. 1168. 1148. 1187. 1210. 1244. 1269. 
1722. :::x- 

1236. 

2492 : :%: :z:. 1761’ 

1274. 1284. 1306. 
1811. 1846. 

1333. 1330. 1388. 1401. 

260: 0 2402. 2444. 
1981. :%: 2021. 2016. 2123. 

300.0 3161. 
360.0 

3268. 2;;;. 3266: 3213. 
2626. g5:. 2619. 2830. 2680. 
3316. 

2748. 2781. 2808. 2798. %T 

3991. 4109. . 4100. 4046. 4188. 4227: 4307. 4318. 4388. 
3692. 3611. 3969. 3869. g7;; ii;; 
4601. 4627. 4600. 4686. 

zzi 
y4: 600;. M29. 

lE% 
4933. 6076. 6143. 6239. 6248. 

6081. 8031 
6941: z2 7031: , 72461 %Z: 

6363;: 63;;. 6401. 6489. 6602. 6690. 6673. 6974. 6824. 

600:0 6686. 8928: 8976. Kc 
8222 

7437: ES: 
8488. 8628. 6632. 6512. 6721. 8904. 

7337. 7662. 7699. rr21. 7697. 7816. 8031. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

202 
UECIROIIC SIOPPIIG POWER IS UIITS OF tW/(HG/SQ Qfl ac IOPS 

a0 

E/A Ba ni 
4 8" 12 

*+....+I*.***+*.*....~.***.*. 

::: 177.6 177.0 133.7 138.7 109.4 111.8 

2.: 
4:5 

174.7 171.6 142.6 143.6 112.7 112.7 
187.8 143.2 112.2 

AL SI CA TI CR FE II al GE SE Sit 
13 14 20 22 24 26 28 29 32 34 3a 

~*+.*C*.***.+.+L.*L***.********.*.***..***..******.*****.*~*********..*****.*. 
y&f ;g.; g.p 58.4 
10714 108:4 * 

kc: 

%X 

45:l 

et:? ifi*: 

107.6 108.9 107.1 104.4 98:a 45.8 ::: 

ztl HO Rtl 
40 42 46 4:G 

~L**.**,*..*.*...*.****...* 

41:o EYE ii*: . 
47.9 
61.3 E:"8 

E:i 41:1 it': 

E:E 143.9 140.0 142.3 140.4 111.3 110.1 100.3 106.3 107.9 107.0 e&i . 2; 81.8 81.4 73.4 73.4 ea.3 Z:Z 43.7 41.4 41.9 57.2 57.7 ~~~ , 
164.2 139.0 108.8 104.1 106.8 

EZ 24 
81.2 ii:: 41.9 68.0 

152.4 137.0 107.6 102.8 104.4 5?': 41.9 68.1 !it: 
144.4 136.0 104.0 101.5 103.4 94:s sio 

ii:: 
7217 

2: 
41.7 58.2 58:1 

8.0 142.0 130.7 103.1 se.4 100.7 91.8 74.8 
fE . 

71.4 
2:; 

57.9 
to':: 136.4 130.1 124.6 122.4 'O~.~ . 1:: E: z:: 75.4 70.4 57.4 Z:8 

:::: 124.9 110.2 114.5 114.4 E:X Elk:: 93'0 9o:e $2 7018 5E 7014 FX z?t 8814 Ef 83:1 66:3 2-i 54:6 if.: 

1:: X z:: E . EI 

57:7 
Z:;: ii!*: 

55:4 61 6 

42.4 57.1 Ei . ix 

4816 46.1 

F:: 52.8 

4718 

64.0 61.5 EZ 

%2 4214 

48.0 61.9 

$2 
ii? 

it.: 
35.0 48:s 48:1 48.2 42.2 X 

47.4 44.4 ii.3 E3 
41.7 40:s 40.1 33.2 

40.0 42.29 133.79 65.07 63.14 54.71 62.33 46.47 45.49 45.21 45.34 42.92 41.08 39.80 39.39 39.33 38.44 37.95 37.04 

I%8 
55:o 

54.12 57.91 64.03 59.40 48.93 51.77 47.19 60.02 48.49 51.44 46.74 49.34 44.04 41.74 43.16 40.94 40.66 42.72 42.89 40.74 40.40 38.57 38.88 39.95 37.44 35.83 35.52 37.33 35.49 37.28 38.44 34.92 36.04 34.34 36.17 33.63 
51.06 51.94 46.46 44.91 Mb.25 44.47 39.74 39.99 24.46 38.84 38.78 35.25 34.19 33.92 33.90 33.37 32.84 32.07 

60.0 49.31 60.16 44.27 42.81 44.10 42.44 37.98 37.27 34.95 37.16 35.19 33.74 32.73 32.49 32.48 31.99 31.62 30.77 

45.0 46.90 47.87 42.33 40.95 42.18 40.84 36.39 35.72 35.44 35.44 33.77 32.39 31.42 31.21 31.21 30.75 30.31 29.40 
70.0 43.77 45.74 40.59 39.18 40.47 39.06 34.97 34.34 34.07 34.28 32.48 31.14 30.24 30.06 30.04 29.42 29.21 28.53 

2.: 
40.14 41.17 37.40 38.40 37.52 35.27 32.60 31.93 31.71 31.92 30.26 29.04 28.19 28.04 28.05 27.47 27.30 24.48 

1oo:o 
37.22 39.22 35.13 34.02 36.04 33.95 30.44 29.93 29.73 29.95 28.39 27.24 14.47 29.34 24.34 26.02 25.48 25.11 
34.74 39.75 33.03 32.00 32.98 31.98 28.49 24.12 28.04 28.26 24.80 25.74 26.00 24.89 24.92 24.40 24.29 23.77 

:%-: 
250:o 

28.78 22.33 24.25 28.60 24.01 21.13 25.22 21.43 21.94 24.00 21.67 25.32 22.76 19.38 22.42 19.02 22.31 19.04 22.53 19.29 21.37 18.24 20.64 18.00 17.39 19.97 19.93 17.02 17.08 19.94 19.74 14.85 19.60 17.02 14.42 19.14 

19.70 21.49 19.47 19.06 19.48 19.21 17.27 14.77 17.02 17.22 14.33 14.07 16.64 15.22 15.29 16.03 16.23 14.71 

%E 17.44 14.54 19.54 18.13 17.93 14.44 17.37 14.12 17.77 14.50 17.64 14.30 16.78 14.47 15.19 14.13 15.64 14.48 16.74 14.98 14.94 13.91 14.70 13.48 14.22 13.23 13.95 12.99 14.00 13.05 13.77 12.84 13.94 13.01 13.60 12.68 

400.0 16.52 17.04 16.45 16.14 15.62 16.34 13.81 13.32 13.44 13.82 13.11 12.89 12.47 12.25 12.31 12.11 12.27 11.87 

-2:: 
14.71 14.18 14.87 14.40 14.76 14.54 13.13 12.69 12.97 13.14 12.47 12.24 11.87 11.44 11.72 11.63 11.48 11.31 
14.04 16.44 14.23 13.78 14.12 13.97 12.58 12.16 12.43 12.40 11.94 11.75 11.38 11.18 11.24 11.06 11.21 10.86 

~*.........*...1+..*....*~....*.*~..**.**~...*~.**...*~***.....*~*....*..***..*~***~*..******~.**...**~*..*.***...***.**.*....~..~~* 
E/A 9 T!Z 8) LA PR SJI GO BO M LU 73TA SE IR AU 82PB =BI 9OTA s2U 

50 62 54 67 69 42 84 47 49 71 75 77 79 
. . . ..*~..LU.*+.+.***~.**~*....~~******.**.~******..~*~.***...***.~**.*.**.*~***..**..~****.**~*.******.~.*.*****.~**..~..***..*~.~~ 

2.5 44.60 44.29 44.30 44.40 44.17 41.41 40.31 38.03 37.20 36.22 36.51 34.92 33.45 33.22 32.85 32.94 31.67 31.21 

3.: 
49.46 47.14 47.16 47.47 47.09 44.48 43.13 40.84 40.01 39.00 38.27 37.44 38.37 36.89 35.49 35.57 34.04 33.66 

ii 

61.44 49.12 49.11 49.43 49.11 45.48 46.10 42.83 42.02 41.00 40.26 39.54 38.34 37.84 37.40 37.48 35.84 35.44 
62.84 50.47 50.44 50.78 50.61 47.88 46.60 44.24 43.47 42.44 41.49 41.08 39.79 39.27 38.80 38.88 37.17 35.74 
53.74 61.34 61.36 61.48 61.47 48.86 47.47 45.27 44.60 43.49 42.73 42.12 40.45 40.31 39.82 39.91 35.14 37.49 

5.0 54.39 61.97 61.93 52.27 52.10 49.51 45.14 45.98 45.24 44.23 43.47 42.87 41.41 41.08 40.67 40.46 38.84 35.38 

::i 
54.73 52.32 62.19 52.43 62.49 49.93 48.57 48.47 45.75 44.75 44.00 43.40 42.17 41.43 41.10 41.19 39.34 38.88 
54.89 61.50 61.47 62.81 52.71 50.19 48.84 48.78 44.04 46.10 44.35 43.78 42.55 42.01 41.48 41.64 39.49 39.22 

$2 
54.93 61.66 62.61 61.84 52.79 50.30 48.97 40.96 40.28 45.31 44.57 43.99 42.40 42.27 41.72 41.81 39.92 39.45 
54.45 52.49 52.44 52.40 52.74 60.31 48.99 47.03 44.37 45.42 44.49 44.12 42.95 42.43 41.87 41.95 40.06 39.58 

1o:o E 
64.48 62.17 61.13 62.47 52.49 60.11 48.02 45.96 48.33 46.41 44.70 44.16 43.02 42.61 41.94 42.02 40.11 39.46 
63.91 53.23 51.01 51.44 61.42 50.99 61.32 61.94 51.41 62.01 49.70 49.17 48.45 47.94 48.95 48.14 44.04 45.49 46.18 44.83 44.15 44.49 43.94 43.04 42.87 42.59 42.38 42.11 41.40 41.63 41.41 41.88 39.98 39.72 39.24 39.52 

11.0 61.48 50.31 50.19 50.42 50.74 48.57 47.39 45.74 45.22 44.39 43.72 43.23 42.21 41.74 41.17 41.25 39.37 38.93 
12.0 51.70 49.57 49.54 49.49 50.03 47.92 45.77 46.18 44.49 43.88 43.14 41.74 41.78 41.34 40.75 40.83 38.98 38.54 

26:0 ii.8 

49.31 47.31 47.31 47.43 47.83 45.88 44.42 43.40 41.97 42.23 41.43 41.20 40.31 39.91 39.33 39.41 37.43 37.21 

45.41 42.41 43.79 40.76 43.41 40.78 44.11 41.07 44.34 41.35 42.64 39.78 41.99 38.93 37.88 40.47 40.12 37.58 39.94 39.47 34.60 38.94 38.14 38.64 37.78 35.47 36.20 37.44 38.49 34.45 34.94 34.72 36.31 33.19 34.93 32.84 

$2 39.49 37.35 34.16 36.91 38.19 35.97 38.44 36.23 38.74 38.53 37.33 36.20 38.55 34.49 35.59 33.41 33.38 35.33 34.41 32.91 34.34 32.50 34.08 31.22 33.43 31.44 31.44 33.20 32.48 30.94 32.75 31.01 31.31 29.44 30.99 29.34 

7:; 

56:0 

35.33 33.67 31.01 30.40 33.99 31.30 30.87 34.04 32.35 34.29 32.59 31.10 34.59 32.90 31.40 33.34 31.74 30.30 31.11 32.49 29.72 31.49 30.38 29.03 31.48 30.19 24.84 31.24 28.47 29.74 30.44 29.42 24.13 30.41 27.91 29.18 30.07 28.48 27.44 28.53 27.31 29.90 29.42 28.07 24.84 29.48 28.13 24.93 28.21 26.93 25.78 24.44 25.53 27.93 

30.43 29.44 29.54 29.74 30.04 29.02 28.47 17.43 17.47 27.31 24.94 24.74 24.34 26.11 25.79 25.85 24.75 24.52 
40.0 29.39 24.19 24.34 28.67 24.47 17.88 27.35 X.76 24.40 Z.24 25.86 26.76 25.34 25.22 24.81 24.87 23.82 23.50 

?i: 24.27 17.24 17.12 ld.16 27.19 M.32 

100: fz2.E 0 

26.60 14.65 14.41 

14.01 11.73 23.12 11.89 23.19 21.94 

~~Xf 
24141 
23.37 
21.13 

26.84 

xi 
2a:es 
11.44 

z.1: 
l3:82 
11.46 
11.24 

16.77 16.43 26.31 26.01 
14.88 24.76 14.44 24.14 
13.32 13.21 12.93 22.47 
11.00 21.90 21.54 21.39 
20.48 20.77 20.63 20.30 

160.0 14.31 17.44 17.70 17.86 14.09 17.51 17.11 14.91 14.84 14.44 14.48 
200.0 15.71 15.17 16.14 15.14 16.50 16.01 il.77 14.63 14.47 14.33 14.18 
260.0 14.04 13.40 13.44 13.56 13.76 13.35 13.13 11.99 13.00 12.45 12.44 
300.0 Il.91 12.44 12.34 12.34 12.54 11.17 11.16 11.94 11.94 11.41 11.44 
350.0 11.06 11.64 11.61 11.66 11.72 11.45 11.34 11.16 11.15 11.03 10.87 

24.43 24.33 
23.41 23.61 
g.;g p3; 

1s:ss 19:ao 

14.16 14.10 
13.90 13.44 
12.49 12.40 
tt.4e 11.41 
10.74 10.44 

23.93 
23.13 

ii.:: 
is:47 

16.86 
13.45 

::% 
10:49 

23.99 22.94 22.77 
23.14 22.22 22.01 
21.77 2Q.87 20.48 
20.64 19.72 18.54 
19.62 18.72 18.54 

16.89 16.24 16.11 
13.49 13.50 13.08 
12.24 12.15 11.74 
11.24 11.18 10.43 
10.63 10.44 10.12 

a: 
5clo:o 

11.37 10.43 10.98 10.44 10.47 10.90 11.07 
1"p.g: . I;.;; . g.g . 

10.42 10.31 10.21 10.71 10.63 10.G4 10.54 10.06 10.42 
zt 

1"9.2':, 
e:ri 

I;.;: '"9.;; 1Og.g; 9.47 9.92 9.95 9.87 9.42 9.58 9.14 
10.39 10.04 9.90 9.80 9.64 9.46 9139 9:30 9:24 9.10 EFi f 9.06 8.78 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

202 
RASGE 16 UQI'I'S OF HG/SQ CX HQ IOPS 

80 

E/A SE 
*c 12 

Is2 AL SI CA TI ca FE II W GE SE SR m 10 a8 
4 13 14 20 22 24 2s 28 29 32 34 38 40 42 46 4:Q 

I.~...**+.*.*.*.LI...*.*..*.****~.**..*.**~..~.~****~..***..**~..**.*****~.~...~.........*.*.***.**.~*..**..**.*.**.***.***.....*..* 

E 6.360 6.929 6.080 9.917 8.690 9.601 8.670 9.629 8.420 9.370 10.026 11.096 10.830 12.076 il.377 12.686 11.780 13.134 13.612 12.220 12.490 13.977 13.370 14.969 13.820 16.496 14.398 16.133 14.820 16.379 14.869 16.864 16.298 17.331 16.899 17.666 
7.603 7.632 10.400 10.474 10.304 12.141 13.286 13.966 14.446 14.966 16.410 16.487 17.103 17.796 18.082 16.430 19.264 19.629 
8.086 8.238 il.296 11.413 11.232 13.173 14.478 16.204 16.731 18.270 16.811 17.976 18.669 19.412 19.698 20.127 li.lOT 21.344 
8.982 a.942 12.194 12.364 12.161 14.202 16.963 16.441 17.004 17.698 18.194 19.449 20.211 21.002 21.307 21.792 22.914 23.l23 

6:0 lx 

9.290 9.649 13.097 13.301 13.093 16.231 18.847 17.676 i8.272 18.869 19.669 20.908 2l.740 22.677 22.899 23.438 24.690 24.890 

10.663 9.914 11.084 10.363 14.932 14.010 14.266 16.221 14.982 14.033 17.306 16.2S4 18.034 19.227 20.162 16.911 20.813 19.640 20.146 21.439 20.941 22.316 22.363 23.819 23.262 24.784 24.143 26.708 24.492 28.OS2 26.074 29.709 28.447 28.192 29.623 28.369 
6.6 11.207 11.816 16.966 16.197 16.942 18.364 10.428 21.400 22.092 22.738 23.694 26.279 26.308 27.274 27.844 28.337 29.931 30.094 
7.0 11.878 12.669 16.812 17.186 18.913 19.413 21.640 22.667 23.379 24.039 26.080 26.746 2?.838 28.848 29.229 m.972 31.tw17 31.831 

i:: 13.27 14.72 l4.08 16.86 la.74 20.73 19.20 21.28 18.89 20.93 21.67 23.77 24.10 26.61 26.21 27.80 26.98 28.64 26.67 29.36 27.88 30.73 29.71 32.71 30.92 34.06 32.01 36.22 32.42 36.66 33.26 39.69 36.16 38.66 36.32 38.84 

:z 
12:o 

16.24 17.83 17.27 18.96 22.77 24.88 23.41 26.80 23.01 26.16 29.02 28.33 29.17 31.80 30.48 33.17 31.36 34.11 32.08 34.67 33.62 39.68 36.77 38.88 37.23 40.47 39.47 41.78 38.94 42.27 39.98 43.38 42.19 46.77 42.41 49.03 
19.48 20.68 27.04 27.86 27.36 30.70 34.48 36.93 39.93 37.71 39.69 42.09 43.77 46.16 46.86 40.87 49.40 49.71 

16.0 24.80 26.21 33.86 34.96 34.30 38.13 42.90 44.61 46.78 46.68 49.00 61.96 64.03 66.62 66.19 67.67 60.6i 61.10 

3o:o E 

34.90 34.61 49.39 47.97 47.01 61.64 69.17 90.29 61.69 82.66 66.91 99.71 72.44 74.36 76.02 78.93 80.49 81.36 

49.47 69.43 48.12 60.99 SO.30 76.64 62.41 78.21 61.08 76.47 OS.62 82.72 74.93 93.16 7?.49 96.16 79.13 98.03 79.99 98.87 104.36 84.38 109.98 89.07 l14.07 92.49 116.69 94.66 117.40 96.43 12O.lS 97.78 101.89 124.82 103.22 126.69 
36.0 73.73 76.08 92.06 96.33 93.12 100.19 l12.78 116.22 118.33 119.13 126.78 132.40 137.23 140.02 140.99 144.13 149.26 161.71 

40.0 89.31 SO.34 109.80 113.70 110.98 118.89 133.76 137.66 140.00 140.74 148.61 166.27 161.87 164.93 166.86 189.64 176.16 178.24 
46.0 106.16 106.73 128.72 133.30 130.03 138.78 166.06 180.42 163.00 163.66 172.82 181.66 187.98 191.28 192.24 196.39 202.47 206.23 
60.0 124.18 124.22 148.80 164.08 160.21 169.82 179.61 184.48 l87.27 187.82 198.38 208.21 216.46 219.03 220.01 224.63 231.18 a36.86 
66.0 143.39 142.78 170.00 176.00 171.61 181.98 204.40 209.76 212.79 213.22 226.18 236.21 244.33 248.14 249.14 264.23 261.24 296.48 
80.0 163.74 162.37 192.28 199.04 193.88 206.23 230.41 236.26 239.63 239.82 263.27 296.60 274.63 278.67 279.69 286.16 292.63 298.62 

66.0 196.2 183.0 216.6 223.2 217.3 229.6 267.6 263.9 287.4 287.8 262.6 299.1 306.0 310.3 311.3 317.4 326.3 332.1 
70.0 207.7 204.6 240.0 249.4 241.6 264.9 286.9 292.8 296.6 299.6 313.1 327.9 338.8 343.3 344.3 360.8 369.3 386.9 
80.0 266.0 260.8 291.8 301.8 293.7 306.6 346.9 363.9 368.0 367.6 377.8 396.1 408.1 412.9 413.9 421.6 430.9 440.1 
90.0 308.3 330.3 347.4 369.3 349.4 399.2 410.1 419.2 423.9 423.0 446.6 466.9 482.1 487.3 488.3 490.8 607.2 618.2 

100.0 364.6 363.6 408.7 420.6 408.8 427.6 478.6 488.8 493.9 492.6 619.8 643.2 660.8 666.2 667.1 676.7 688.1 801.0 

160.0 639.6 858.6 764.9 779.7 767.2 789.1 877.6 894.2 901.6 896.6 946.8 986.3 1016.9 1023.8 1024.1 1039.0 1066.3 1078.7 
200.0 1116.0 1064.6 1178.6 1217.1 1182.2 1221.1 1361.6 1386.6 1394.2 1384.0 1460.0 1609.4 1668.2 1676.4 1674.6 1696.4 1610.3 1661.6 
260.0 1698.3 1498.6 1664.3 1718.6 1672.6 1718.8 1916.2 1963.1 1966.4 1939.7 1046.2 2106.1 2174.3 2204.6 2201.3 2232.8 2239.3 2303.3 
300.0 2137.6 1992.4 2206.6 2276.1 2216.6 2270.1 2628.2 2687.9 2678.2 2664.0 2694.0 2763.6 2866.1 2899.1 2893.0 2939.2 2933.2 3021.6 
360.0 2726.7 2629.6 2788.8 2879.6 2907.2 2868.3 3193.0 3278.4 3262.0 3219.6 3396.6 3479.7 3692.4 3660.6 3841.2 3696.9 3883.7 3797.6 

400.0 3367. 3106. 3416. 3626. 34;;. 3608. 3903. 4016. 3972. 3S30. 4238. 4379. 4462. 4439. 4484. 4926. 
460.0 4026. 3714. 4078. 4211. 

4807: 
4183. 4664. 4793. 4732. 4680. 

:;M;. 
6042. 6210. 6298. 6281. 

,4;4;. 
6328. 6497. 

600.0 4728. 4362. 4773. 4928. 4892. 6440. 6618. 6628. 6466. 6762 1 6886. 9080. 6183. 6162. 6258: 6211. 6409. 

.~*.C****....*~..l****~.....*.~.**.**.*...**.~.****..~.**********.~.****.*.**.***.....*.*...~*.*...***.*.*...*..*..*.**.***..*.*.*~* 
E/A !a lx 84 LA FTt SII CD HO RI LU TA RE In AU Pe 61 ni 

50 62 66 67 69 62 84 67 69 71 73 76 n 79 82 83 so S2" 
~*..*..*...*....***~...**..*....****...**.**.*.*.*.*****....*..~*..***......*.*....*..*.~**.*****....***.~*~....**~*~***.*.*.*.*~... 

Z:E 16.46 18.66 17.07 19.27 20.61 18.41 18.76 20.96 19.44 21.66 20.42 22.77 21.01 23.43 21.76 24.32 22.21 24.82 22.64 26.33 23.09 26.82 23.66 26.34 29.91 24.03 24.46 27.38 26.02 27.97 26.22 28.17 27.02 30.10 27.80 30.71 
3.6 20.66 21.37 22.71 23.03 23.76 24.98 26.71 26.73 27.28 27.86 28.39 28.96 29.61 30.11 30.74 50.93 32.98 33.63 

22.60 23.39 24.74 26.04 26.78 27.12 27.92 29.06 29.64 30.27 30.86 31.46 32.20 32.73 33.38 33.67 36.76 30.43 
24.39 26.39 26.72 27.01 27.76 29.21 30.07 31.30 31.94 32.62 33.26 33.88 34.70 36.27 36.96 38.14 38.43 39.14 

4.0 
4.6 

i:: 

2: 
710 

8.0 

to":: 

:::: 

16.0 
20.0 
26.0 

ii:: 

40.0 
46.0 

it::: 
80.0 

%:i? 

Es 
1oo:o 

160.0 

EZ:: 

$2:: 

iz84 
6oo:o 

29.26 27.33 28.66 28.96 29.71 31.28 32.18 33.62 34.19 34.92 36.69 Xl.26 37.16 37.76 58.47 38.84 41.06 41.79 
28.11 29.27 30.61 30.88 31.64 33.29 34.27 36.70 36.41 37.19 37.90 38.69 39.66 40.19 40.94 41.11 43.63 44.41 
29.96 31.19 32.64 32.80 33.66 36.31 39.34 37.87 38.61 39.43 40.18 40.91 41.94 42.61 43.39 43.66 46.19 46.99 
31.79 33.12 34.47 34.71 36.47 37.32 38.40 40.02 40.79 41.67 42.46 43.21 44.31 46.00 46.81 46.97 48.73 49.68 
33.63 36.04 Jb.39 3S.62 37.39 39.33 40.47 42.17 42.97 43.89 44.72 46.60 46.66 47.39 48.23 48.38 61.26 62.11 

37.32 38.90 40.26 
41.06 42.7s 44.14 

24 
62:62 

x EB 
64:76 se:12 

40.46 41.22 43.36 44.69 48.47 47.33 48.34 49.24 
44.32 46.09 47.40 43.76 60.78 61.70 62.80 63.76 
49.23 48.99 61.46 62.94 66.13 66.10 67.29 68.32 
62.20 62.96 66.62 67.17 69.62 60.66 61.81 62.92 
66.22 66.98 69.80 61.46 93.97 66.04 98.39 67.66 

61.38 
66.06 

z-:: 
70:3e 

62.14 
66.90 
61.68 

:::i 

63.06 63.19 
67.87 68.01 
62.72 82.94 
67.60 67.72 
72.63 72.64 

66.29 67.21 
61.33 62.31 

E*bf 
7a:ea 

%d': 
77:az 

87.74 92.49 
114.21 120.19 
142.4l 149.71 
172.38 181.06 
204.09 214.21 

93.82 
121.83 

:;:% 
216:84 

94.62 67.27 88.63 98.66 69.36 72.72 74.70 77.66 78.80 80.46 81.84 83.06 86.12 
86.83 89.47 90.83 90.69 91.28 96.67 99.07 101.76 103.20 106.21 106.93 108.40 111.01 

108.81 113.39 114.74 114.44 114.88 120.11 123.16 127.67 129.23 131.66 133.74 136.46 138.61 
133.46 139.03 140.36 139.87 l40.13 146.33 149.94 166.10 166.97 169.82 162.27 164.26 167.96 
169.70 168.33 167.61 166.94 166.99 174.21 178.40 184.31 186.40 189.68 192.61 194.76 199.02 

86.27 
112.39 
140.22 

:fE:2 

87.67 

::;z 
172148 
204.26 

234.0 237.7 
268.6 272.9 

Z.8 
381:s 

zix.: 
sea:0 

167.6 
216.9 

%B 
313:e 

196.2 196.6 
226.7 226.9 
;;:.i 

32613 

g5.i 

32713 

196.6 196.4 203.7 208.6 216.2 217.6 221.2 224.4 226.9 231.8 
226.8 226.4 234.8 240.2 247.6 260.1 264.3 268.0 280.7 266.2 
267.8 266.8 297.3 273.4 281.7 284.4 288.0 293.1 296.1 302.2 
290.8 289.7 301.4 308.1 317.2 320.1 326.3 329.7 333.1 339.8 
326.4 324.0 336.9 344.3 364.2 367.4 363.0 397.9 371.6 378.9 

237.6 249.1 262.1 
272.6 286.8 289.2 
309.3 324.1 327.9 
347.9 x4.1 388.3 
387.4 406.7 410.3 

LM2.7 393.6 301.6 369.7 373.9 382.0 392.7 396.1 402.2 407.6 411.6 419.6 422.7 428.6 
400.6 401.3 398.9 398.7 412.2 421.0 432.6 436.2 442.8 448.7 462.9 461.6 464.9 472.4 
480.1 490.7 477.7 474.8 492.8 603.2 616.5 620.6 628.2 636.0 639.9 649.9 663.6 692.6 
666.0 696.3 661.6 667.6 678.7 690.6 606.7 610.2 618.8 629.8 932.4 643.8 947.8 968.4 
664.8 664.8 660.6 MS.4 089.6 883.1 700.1 706.0 714.8 723.6 730.0 743.0 747.3 769.6 

1129. 1173. ::i: . 1163. 1162. 1192. 1216. 1242. 1260. 1266. 
1728. 

Et 2601: 
1778. 1768. 1818. 1890. 

2409. 

ff3;: . 

2482. 2461. 2634. :I% 1626. 

;;MC&. 3289. 4136. 3164. 4110. 4066. 3222. 3326. 4178. 3376: 4237. 3441. 4317. 

1281. 

:3::. 
3636: 
4434. 

1290. 

:Rt 
3663: 
4464. 

1312. 

:2z. 
3802: 
4613. 

1318. 

:% 
3621: 
4630. 

1339. 
2029. 

ZE 
4611: 

426.9 
471.6 
661.6 
667.1 
768.0 

1336. 

iii%: 

ZX: 

%t 
687:s 
087.2 
792.4 

1396. 

z%. 
3766: 
4691. 

:iE 
693:T 

E:O 

1408. 
2131. 

iii:: 
4811. 

6902. 

%: 
x 
eS97: 

%c E? 
SS3a: 6988: 

6011. 4843. 6086. 6261. 6269. 6319. 
6wo* 
6863. z3 . E%: 

ms:. 

7132: 
8234. 6241. 
7261. 7287. %F . 

6391. 6413. 6481. 6614. 
S398. 6422. 8601. 6641. 
7460. 7476. 7699. 7613. 

6686. 6687. 

3::: 
6736. 
7830. 

6837. 

ZZ: 
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F, HUBERT, R. BIMBGT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

EzlmROIIC sIoPPIlG POWER 11 WITS OF nEv/mG/sq a0 

e/r 98 
ac 12 

?G IL SI CA TI CR FS II W GE SE SR 28 nIJ Ivl 
4 13 14 29 22 24 20 28 29 32 34 38 40 42 46 4:G 

+,..I*+..*..**.+LL..*.**.*...*....*.*.*.....~.*..*..***...****..*.*.***.*.**.***.~**.**~*.**~****..*****~*.***~**~*.**.***...*~***** 

3:: l79.4 l‘r9.7 134.7 140.9 110.6 113.0 104.9 107.6 108.6 106.8 62.4 69.1 67.0 
177.2 144.0 114.0 108.6 109.8 2; 

if:: ii.; 
66:4 

174.0 146.1 l14.1 108.7 110.2 170.4 146.0 113.6 106.4 1os.s Se.4 ti:: Et: RX 

t:: 

:r: 
12:o 

16.0 

it:: 

it8 

ii-: 
so:0 
66.0 
0.0 

;::: 

23 
1oo:o 

160.0 
200.0 
260.0 

z2:: 

EC: 
6oo:o 

166.6 
162.6 
166.7 
166.0 
161.4 

144.6 
138.2 

:I:*; 
12214 

93.64 
69.16 
66.42 

2:X 

65.12 66.16 
90.86 62.81 
67.22 49.93 
64.08 47.41 
61.34 46.19 

64.23 
61.02 
48.26 

3: 

56 .?a 
62.60 
49.67 
47.20 
46.01 

46.67 

46.93 
44.76 
4l.06 

3; 

48.92 43.22 41.81 43.07 41.61 37.16 36.46 39.17 38.38 
46.77 41.46 40.11 41.33 39.87 36.70 36.06 34.78 36.00 
43.11 38.42 37.19 39.32 37.04 33.20 32.61 32.38 32.90 
40.10 36.69 34.76 36.83 34.66 31.10 30.67 30.37 30.69 
37.68 33.76 32.70 33.71 32.98 29.32 28.83 28.66 28.88 

29.27 26.61 
24.82 22.96 
p7; g.;~ 

la:67 17:os 

26.80 
21.93 
19.60 
17.79 
16.61 

:s 
17:17 
15.66 
14.47 

16.90 17.46 16.03 16.63 16.90 16.72 14.16 13.64 13.97 
IS..08 16.67 16.23 14.76 16.11 14.94 13.46 12.99 13.29 
14.41 16.86 14.66 14.l2 14.47 14.31 12.89 12.46 12.74 

144.1 1l2.7 107.6 109.2 142.7 111.6 106.6 108.3 ti:: it: 
140.9 llO.3 106.6 lO7.2 
139.0 106.9 104.2 106.0 2; Et: 
137.0 107.6 102.9 104.8 es.1 84.1 81.1 79:2 

132.7 104.6 ‘i?:: 102.1 66.9 
99.6 F:3 94.9 

kg z. f 
92:0 

E:; E:f 
Z-E 67.2 

66:s 

Ed E?8 

63:6 

a0.6 66.3 68.3 63.4 

61.0 %8 
62.4 s! 

49:1 
49.7 47.6 tE 

43:o 
4613 

49.0 46.6 44.4 42.6 

43.74 

~2~ 
37:62 
36.91 

34.46 
33.16 
30.69 
29.00 
27.38 

23.04 21.86 21.03 20.43 20.38 
19.74 18.71 l8.4l 17.80 17.42 
17.63 16.72 16.46 16.91 16.68 
16.13 16.30 16.06 14.66 14.28 
16.02 14.24 14.01 13.66 13.30 

14.16 

:::t: 
:zx 
12:zs 

:E 
12:04 

12.78 

:::i: 
12.66 
11.94 
11.46 

63.7 
62.9 

i:.: 
69:s 

66.9 
62.3 

ti?: 
42:s 

20.41 

:zi 
14134 
13.36 

:::I% 
11.61 

66.6 
61.2 
47.6 

2:; 

x 
36:&J 
34.03 
32.64 

68.7 
68.2 
67.6 

ii:! 

63.6 
49.8 

;:a 

%I 
36.03 
33.62 
32.16 

30.93 
29.82 

z*i: 
24181 

19.94 
17.42 

2:: 
13.32 

::% 
11148 

E-i?:: 
E-X 
58:8 

62.7 

::I 
39:9 

37.73 
36.86 

2% 
31:39 

30.20 
29.12 
27.24 
26.66 
24.28 

19.67 

%8 
;;:g 

::::t 
11.12 

.*.1...*.*.*...*11**.*..**.**~..*.~.*~*~.....*..~.***.*~****...*..*~**...**.***~**.**.~**.*.....**.*.***..*.**.~~~~****.*.*.**~*.... 
** y lz BA 67” 5sm 6ZSn 84GD 67Ro agTn 7iL” 73T' 7sRE 771R 7gAU .3zpB .83Bx som 92" 60 62 66 

I..*....**C**..****.*....~.**.*~*~.*.**..*.~..*.~~*~*.***..~***.*...*.~.**.*.*..*.*...**.*****.**.**.**.**.**.**.*~..~.*..*.*..*..*. 
46.66 44.63 44.63 44.94 44.60 41.92 40.60 38.31 37.48 38.46 36.77 36.18 33.90 33.46 33.09 33.18 31.80 31.44 
49.66 47.66 47.66 47.87 47.49 44.66 43.4s 41.18 40.36 39.33 38.69 37.98 39.67 33.19 36.78 36.67 34.34 33.94 
61.96 49.68 49.66 49.89 49.67 46.@1 46.62 43.23 42.41 41.38 40.62 40.00 38.69 38.18 37.74 37.62 36.18 36.76 
63.39 60.97 50.94 61.26 61.01 48.36 46.96 44.69 43.69 42.86 42.10 41.48 40.18 39.66 39.17 39.26 37.64 37.09 
64.36 61.92 61.88 62.22 62.00 49.30 47.96 46.74 44.96 43.93 43.17 42.66 41.27 40.73 40.23 40.32 38.63 38.07 

64.S7 62.64 62.60 62.64 62.67 50.06 48.66 49.48 46.73 44.71 43.94 43.33 42.06 41.62 41.00 41.09 39.26 38.79 
66.36 62.92 62.68 63.23 63.09 60.60 49.12 48.99 48.26 46.26 44.49 43.89 42.64 42.09 41.66 41.66 39.78 39.31 
66.64 63.12 63.08 63.43 63.32 50.77 49.40 47.32 48.81 46.62 44.86 44.27 43.04 42.60 41.96 42.04 40.14 39.67 
66.69 63.19 63.16 63.49 63.42 60.90 49.66 47.61 46.83 46.86 46.10 44.62 43.31 42.77 42.22 42.30 40.39 39.92 
66.63 63.16 63.11 63.46 63.41 50.93 49.69 47.60 46.94 46.97 46.23 44.66 43.47 42.94 42.38 42.46 40.54 40.06 

66.19 62.84 62.60 63.16 63.16 60.76 49.46 47.66 46.92 46.99 46.26 44.71 43.66 43.06 42.47 42.66 40.62 40.16 
64.64 62.34 62.30 62.66 62.70 60.36 49.10 47.28 48.69 46.78 46.08 44.64 43.44 42.94 42.36 42.43 40.60 40.03 
63.97 61.71 61.69 62.03 62.11 49.64 48.61 46.67 49.31 46.44 44.76 44.23 43.17 42.68 42.09 42.17 40.26 39.79 
63.23 61.02 61.00 61.34 61.46 49.26 48.06 46.38 46.86 46.00 44.33 43.83 42.80 42.34 41.74 41.82 39.92 39.47 
62.46 60.29 60.27 50.61 50.76 48.61 47.44 46.83 46.33 44.61 43.86 43.37 42.38 41.93 41.33 41.41 39.63 39.08 

60.07 40.04 48.04 48.36 48.66 49.68 46.61 44.08 43.62 42.87 42.26 41.82 40.92 40.62 39.92 40.00 38.19 37.77 
46.36 44.61 44.63 44.63 46.09 43.33 42.37 41.13 40.77 40.11 39.67 39.18 38.39 38.06 37.48 37.66 36.88 36.49 
43.14 41.46 41.49 41.77 42.06 40.46 39.60 38.61 38.20 37.61 37.12 36.70 39.07 36.79 36.24 36.31 33.76 33.39 
40.39 36.83 38.87 39.16 39.44 37.99 37.20 39.22 36.96 36.42 34.97 34.M 34.02 33.78 33.26 33.32 31.86 31.63 
38.04 38.66 39.63 33.69 37.19 36.84 36.11 34.23 33.99 33.60 33.09 32.80 32.22 32.01 31.60 31.67 30.20 29.89 

38.00 34.62 34.66 34.93 36.24 33.96 33.30 32.49 32.27 31.62 31.43 31.17 30.63 30.46 29.96 30.03 20.73 28.46 
34e.21 32.91 32.97 33.2l 33.62 32.34 31.70 30.96 30.76 30.34 29.97 29.73 29.22 29.07 28.60 26.66 27.43 27.16 
32.63 31.40 31.47 31.70 32.Ol 30.89 30.29 29.69 29.41 29.02 28.68 28.46 27.97 27.83 27.38 27.44 26.27 29.02 
31.23 30.06 30.13 30.36 30.66 29.60 29.03 28.38 28.21 27.84 27.61 27.30 26.86 26.72 28.29 26.36 26.23 24.99 
29.96 28.86 28.92 29.14 29.44 28.43 27.9Q 27.28 27.13 26.78 26.47 26.27 26.84 26.72 26.30 26.37 24.30 24.07 

28.86 27.77 27.64 26.06 28.36 27.38 26.87 28.29 26.16 26.82 26.62 26.33 24.92 24.82 24.41 24.47 23.44 23.22 
27.62 29.79 26.66 27.09 27.36 26.43 26.94 26.38 26.26 24.94 24.66 24.47 24.09 23.99 23.60 23.69 22.67 22.46 
16.03 26.07 26.14 26.33 26.62 24.76 24.31 23.81 23.69 23.40 23.l4 22.97 22.62 22.63 22.16 22.22 21.30 21.10 
24.62 23.61 23.68 23.86 24.16 23.36 22.93 22.47 22.36 22.09 21.86 21.69 21.36 21.29 20.94 21.00 20.13 19.96 
23.21 22.36 22.43 22.91 22.86 22.13 2l.74 21.31 2l.2l 20.87 20.73 20.69 20.28 20.22 19.89 19.94 19.12 la.96 

16.72 16.04 18.lO 18.26 I@.49 17.90 17.60 17.29 17.22 17.04 16.66 16.74 16.61 16.46 16.20 16.26 16.68 16.46 
16.07 16.62 16.61 16.63 16.86 16.M 16.11 14.86 14.81 14.60 14.60 14.42 14.22 14.18 13.96 14.00 13.81 13.36 
l4.41 13.92 13.76 13.87 14.08 13.69 13.64 13.W 13.30 13.16 12.95 12.93 12.79 12.69 12.49 12.63 12.43 12.04 
13.23 12.77 12.63 12.67 12.66 12.66 12.44 12.22 12.23 12.09 11.91 11.89 11.76 11.68 11.49 11.63 11.44 11.09 
12.34 11.92 11.79 11.63 12.00 11.73 11.61 11.41 11.42 11.30 11.13 11.11 10.99 10.92 10.74 10.78 10.70 10.37 

11.66 11.26 11.13 11.17 11.34 11.08 10.97 10.78 10.78 10.66 10.62 10.60 

11.10 10.72 10.61 10.66 10.61 10.66 10.46 

1yz3 log.~~ 1"g.;g 1"9.;J" 10.11 9.81 

10.66 10.28 10.19 10.22 IO.37 10.14 10.04 1z.f; . log.;%& . I",.;: iOg.C~f '",.'.J: s:c3 9:4s 9:32 9:36 0.x: . Ez . 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

IUIGE II UlITS Of m;/Sq Oc 
206 

Il. 101s 
81 

g/l B6 SC *21G ljU 14= zoCA lZTI 24cR zDFE 2*'1 2Dcxl MGE 34= 3ivsn 4om 4zM 2 4:" 4 
+**.*++..*..**..........***.....~*.*...**..*****.*...*~*..~...*..*........*..****.*.*...*..**....*..*.....~~.*~.**.*.*~**~..~~~..*** 

E 0.390 13.980 8.110 0.862 8.820 9.634 8.000 9.604 8.460 8.406 10.040 11.137 10.870 12.122 12.740 11.423 11.830 13.192 12.270 13.871 14.038 12.640 13.430 16.029 13.880 16.688 14.467 IS.203 14.680 16.460 14.917 18.767 16.383 17.410 16.780 17.739 
7.636 7.671 10.438 10.612 10.343 il.187 13.338 14.018 14.609 16.021 16.477 18.686 17.182 17.874 18.143 18.614 19.344 19.623 
8.118 8.279 11.337 11.466 11.274 13.124 14.630 16.28D 16.801 16.341 18.884 18.063 18.768 19.488 19.787 20.218 21.204 21.447 
Il.?13 8.986 12.237 ll.JSS 12.206 14.268 16.728 18.611 17.079 17.846 18.173 18.640 20.306 21.098 21.403 11.881 23.021 23.234 

4:0 E 
9.312 9.694 13.143 13.348 13.141 16.288 18.913 17.760 18.362 18.940 19.463 21.006 21.839 22.477 23.001 23.644 X.804 24.998 

10.683 S.D46 10.409 11.132 14.067 14.981 14.306 16.271 14.083 16.034 18.324 17.347 18.103 lS.299 18.988 20.233 19.424 x).SOO 21.628 20.133 21.029 22.408 22.446 23.926 23.384 24.892 24.249 26.818 24.690 29.176 26.186 28.822 28.687 29.318 18.489 24.747 

4.6 11.234 11.8D4 16.814 14.24s 16.996 18.418 m.603 21.484 22.181 22.817 P.788 26.388 28.420 27.389 27.740 28.468 30.081 30.229 
7.0 11.904 11.407 14.883 17.23s 14.S87 19.479 21.717 22.743 23.471 24.133 26.177 24.868 27.964 28.984 29.360 30.097 31.901 31.970 

1o:o 8.8 

13.29 14.13 18.80 19.24 18.96 21.83 24.18 26.29 28.08 24.77 27.98 29.82 31.06 32.13 32.66 33.39 36.29 36.47 

14.74 18.24 16.70 17.31 20.78 22.83 21.33 23.44 20.98 23.07 23.84 24.09 24.49 29.28 27.89 30.66 31.46 28.74 2D.44 32.19 30.83 33.73 32.83 36.89 34.18 37.34 36.36 38.60 36.79 39.07 40.10 38.72 38.80 42.34 39.00 42.67 
11.0 17.84 18.99 24.93 26.46 26.21 28.40 31.08 33.28 34.21 34.97 36.49 39.01 40.40 4i.92 42.41 43.63 46.92 46.19 
12.0 is.48 20.72 27.08 27.DO 27.41 30.77 34.67 38.03 37.03 37.81 39.70 42.18 43.90 46.28 45.80 47.01 49.66 49.87 

16.0 24.79 24.24 33.90 34.99 34.36 39.19 42.98 44.70 46.85 44.88 49.10 62.07 64.14 66.76 64.33 67.81 60.77 41.26 
228 34.84 16.34 38.60 48.04 46.40 80.27 47.99 42.38 47.03 41.04 -6.62 61.68 74.94 68.22 80.34 77.61 41.78 79.18 82.42 80.03 46.99 84.41 89.81 89.12 72.64 92.62 74.48 94.76 76.13 96.60 77.06 97.84 101.98 80.82 103.31 81.48 

$2 73.44 69.23 80.87 74.88 76.46 91.90 78.13 96.17 74.39 92.97 100.07 82.68 112.46 93.10 118.11 98.11 118.23 98.00 119.04 98.86 104.32 126.88 109.97 132.31 114.07 137.14 114.69 139.94 117.41 140.82 120.21 144.07 124.86 149.20 124.72 161.44 

2': 
60:0 

106'44 98 92 
123:66 

104'36 DO 06 
123:73 

109 128'39 64 
148:34 

113 132'94 44 
163:43 

110 129'71 74 
i4S:TS 

118 138'49 49 
169:43 

133.64 166 73 
ITS:18 

140 137.44 11 
184:04 

139.81 142 70 
184:84 

140.64 183 37 
187143 

148.42 172 62 
197:94 

164.09 181 27 
207180 

141.49 187 87 
216:06 

144 191'00 74 
218:42 

146 191'94 88 
219:81 

149.38 IS8 12 
224123 

2QZ:Zl 176 00 178.09 206 97 
230.79 236:24 

66.0 142.42 142.18 148.44 176.44 170.37 181.47 203.86 209.20 212.24 212.70 224.83 236.46 243.77 247.69 248.40 263.4s 280.71 246.93 
80.0 142.82 181.42 191.40 198.36 193.22 204.40 223.71 236.64 238.86 239.16 262.67 264.80 273.82 277.84 278.89 284.44 291.94 297.92 

46.0 184.1 182.1 214.8 222.3 214.6 228.8 264.7 243.1 288.8 286.8 281.7 296.2 306.1 309.4 310.6 314.6 324.6 331.2 
70.0 204.6 203.6 239.0 247.4 240.8 264.0 284.9 291.8 296.6 296.6 312.0 324.8 337.7 342.2 343.3 349.8 368.2 386.8 

too:0 it: 

264.4 249.2 290.4 300.6 2DZ.4 507.4 344.6 362.6 368.7 364.2 374.2 383.4 404.8 411.5 412.6 420.0 429.4 438.7 

382.0 304.2 361.4 298.8 404.4 346.7 367.4 418.4 347.7 408.8 384.8 426.6 408.3 474.3 417.4 486.6 422.1 491.4 490.2 421.2 444.7 617.6 466.0 640.8 480.1 668.2 486.4 543.8 484.4 644.7 494.9 674.2 585.7 606.3 614.3 698.6 

160.0 494.1 683.9 760.1 774.8 762.6 781.3 872.4 899.0 894.2 891.3 940.4 980.7 1011.1 1018.1 1018.4 1033.3 1060.5 1072.7 
200.0 ilO6.9 1048.7 1170.4 1208.4 lt74.0 1212.9 1362.4 1374.8 1386.0 1374.9 1460.4 1499.4 1648.1 1585.3 1684.4 1686.3 1400.2 1441.2 
260.0 1684.8 1484.7 1861.8 1706.4 1440.1 1708.3 1901.4 1939.0 1942.4 1926.9 2031.7 2090.3 2169.1 2189.2 2184.0 2217.3 2213.9 2287.6 
300.0 2119.0 lS74.1 2184.0 2267.3 1199.3 2262.7 2608.9 2648.3 2668.7 2634.8 2673.8 2742.9 2833.3 1877.7 2871.4 2914.4 2811.8 2999.4 
360.0 2701.8 2608.3 2744.1 2864.3 2784.6 2846.4 3147.7 3252.5 3224.4 3194.3 3349.1 3449.7 3544.6 3822.4 3613.1 3888.4 3666.6 3748.8 

400.0 3327. go!. 3387. 3497. 3410. 3479. 3971. 3983. 3933. 3898. 4111. 4204. 4344. 4417. 4404. 4472. 
460.0 3989. 

4314: 
4043. 4176. 4072. 4166. 4816. 4763. 4841. 4894. 6001. 6147. 6266. 6238. 6319. 

;;I;. ‘WC& 

600.0 4886. 4731. 4884. 4744. 4860. 6394. 6640. 
g;:. 

. 6419. 6714. 6836. 6029. 13131. 4110. 4204. 4140: 6364. 

**.++..1******.*.*..*.**.**.*.~*.~.~*~*******~.**...*.*..**..~.***.**.*...~*...**...***....**.**..***..*.*.***.*.**.*~*.***.~.**.... 
EIA St TE BA LA Pn SII Go 80 RI LU Tl ItE In AU PB BI TB 

60 62 64 67 69 42 84 47 49 71 73 76 77 79 82 83 90 32" 
***..r**r*".**.*....*****.*.~.****.*****.*..**.**..*..*~..*.*....***~*.*******~*..~..*..***..*.**...~..~..***...**....*~*..*....**~ 

3:: 14.64 18.44 17.16 19.37 18.60 20.72 16.84 21.06 19.63 21.76 20.60 22.88 21.09 23.62 21.86 24.42 22.30 24.93 22.73 25.43 23.18 26.93 23.46 28.46 24.13 27.03 24.64 27.60 26.13 28.10 26.34 28.30 27.13 30.22 30.83 27.70 

32 
4:6 

20.47 22.41 21.48 23.62 22.82 24.84 23.14 26.17 23.84 26.90 26.09 27.24 26.82 28.04 26.86 23.18 27.40 29.77 30.40 27.97 30.99 28.52 31.69 29.08 32.34 29.74 30.25 32.88 30.89 33.66 31.08 33.74 33.13 36.91 33.77 38.68 
24.61 26.61 28.86 27.16 27.89 29.34 30.20 31.44 32.08 32.74 33.40 34.03 34.84 36.43 39.13 35.31 38.40 39.31 

::i X.39 28.24 27.47 29.41 30.74 28.81 31.03 29.10 31.78 29.86 31.40 33.44 32.32 34.41 33.B8 36.88 34.34 38.67 36.07 37.36 38.07 36.75 36.42 58.77 37.32 39.73 37.92 40.37 38.46 41.13 38.83 41.31 41.23 43.83 41.97 44.69 

8.: 
7:o 

30.09 31.94 31.36 33.27 32.70 34.43 32.96 34.07 33.71 36.43 36.47 37.48 38.49 38.67 38.03 40.18 38.77 40.97 41.86 39.41 40.34 42.44 41.09 43.40 42.13 44.60 42.80 46.20 43.69 48.02 43.76 40.18 48.39 48.94 47.19 49.76 
33.78 36.20 36.64 38.78 37.66 39.49 40.83 42.36 43.16 44.08 44.91 46.70 44.84 47.59 48.46 48.40 61.47 52.33 

1o:o -ifi 

37.48 39.07 40.42 40.43 41.39 43.62 44.77 44.45 47.52 48.54 49.43 60.28 51.67 52.34 63.28 63.42 54.52 67.44 

44.99 41.22 422.97 48.91 44.32 48.27 44.60 49.42 46.27 49.18 47.68 61.47 49.93 63.13 60.97 66.33 64.30 61.90 63.00 67.60 63.97 68.64 64.87 69.49 41.01 58.28 41.91 67.12 82.94 68.11 83.09 68.26 41.67 68.46 42.66 67.48 
:::: 48.81 62.49 60.90 64.94 62.24 68.31 62.38 58.41 63.14 67.16 90.00 66.81 81.44 67.37 69.73 84.17 60.76 66.26 42.03 80.41 43.14 87.79 64.16 88.86 46.78 70.40 68.73 71.80 87.86 72.79 47.97 72.90 71.78 74.92 78.07 72.84 

16.0 84.49 87.46 88.82 88.44 8D.64 72.92 74.89 77.86 '19.08 80.88 82.07 83.20 86.34 86.61 87.92 88.00 92.74 94.08 
%:8 108:SZ 86 98 113:fl 89 43 114:84 91 00 114'64 #) 84 

13S:SS 

116'01 91 46 

14O:lD 

120'24 96 74 

144:40 

123'28 98 24 

16O:Ol 

101 i27'71 94 

166:lT 

103 129'38 39 

167:06 

106 131'81 41 

169:Sl 

107 133'89 14 

142:38 

108 136'42 41 

144:36 

111 138'78 22 

188:08 

112 140'40 42 

149:89 

114 142'44 42 

172:40 

ii4 142'80 46 

30.0 133.49 139.08 i40.41 172:SO 

120 149'90 43 

18l:lT 

122 161'88 07 

183:48 
36.0 169.44 186.29 147.69 148.92 144.97 174.19 lT8.38 184.29 184.39 189.88 192.61 194.74 199.03 201.07 204.28 204.12 214.24 214.84 

it: 
6o:o 

214.4 187.4 196.1 226.6 198.4 224.7 196.6 226.4 226.1 196.3 203.4 234.6 208.4 23S.9 216.0 247.4 217.3 249.9 221.1 264.1 124.3 267.7 224.8 280.6 231.7 244.0 233.9 288.4 237.7 272.7 237.4 272.4 249.0 286.8 262.0 288.9 
247~3 267.4 268.5 267.2 264.4 167.0 273.0 281.3 284.0 188.4 292.7 296.8 301.8 304.4 309.3 308.9 323.8 327.6 

66.0 279.4 290.8 291.8 290.2 289.2 300.9 307.4 318.8 319.4 324.7 328.2 332.6 339.2 342.0 347.4 347.1 363.8 367.7 
60.0 312.9 326.8 324.4 324.7 323.3 338.2 343.4 363.6 364.0 3D2.3 387.2 370.8 378.1 301.1 387.3 386.7 406.0 409.6 

tk8 384.0 347.8 381.8 399.4 400.2 362.7 380.4 JOT.8 368.9 396.4 41i.l 372.9 419.9 381.1 591.8 431.6 396.1 436.0 401.2 441.4 447.6 404.8 461.8 410.4 480.4 418.6 483.7 421.7 428.8 471.3 470.6 427.9 447.9 492.4 462.9 497.3 

too:0 %$ 

480.2 478.6 479.1 474.2 473.1 491.1 601.4 614.9 618.9 624.4 533.4 638.3 648.3 662.0 641.0 680.0 686.8 692.0 

427.4 Mt.4 862.1 602.9 462.2 683.2 847.9 66S8.4 642.8 666.4 MS.8 674.4 680.4 588.6 603.4 897.3 1308.0 702.2 818.8 712.1 424.8 721.0 830.2 727.2 841.8 740.1 646.4 744.6 464.2 764.7 464.9 766.2 8114.9 789.4 492.0 797.5 

160.0 1146. :E$. 1243. 1269. 1274. 1284. 1306. 1323. 1401. 

31es: isa. 3301. 2617: 
1888. 1910. 1932. lS44. 1977. 2012. 

::x:. 

ii%* 2461. 2883. 2700. 3674. 2739. 3696. 3843. 1789. 3729. 2848: 3818. :::"9: 

4104. 4079. 4026. 4144. 42S4: z:. . iii:. . 2:;. . 4479. 4606. 4677: 4644. 4864. 4776. 

400.0 Et5 4971. 4s99. -71. 4s06. 6114. 6210. 6118. 6278. 6349. 6371. 6439. 6471. 6669. 6643. 6443. 6792. 

%::: 8842: E5: 8930. 6943. 88s4. 6S12. 8900. W31. 

ES- 

4986: bo72. 7073. 7201. 4184. 4lSl. 7208. 4242. 7280. D347. 7389. 8371. 7416. g4t. . 4488. 7661. 4693. 7472. 4673. 7848. 8861. 7744.. FL%: 
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F. HUBERT, R. BIMBOT, and H. GAIMN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

~l%XRGIIC STOPPIlG WIKR II IJWITS 01 HEV/tHG/Sq Cn) 
208 

PB 101s 
82 

4.6 172.9 148.7 114.9 10D.6 111.2 100.6 

40.0 64.99 88.46 67.24 66.26 66.66 64.36 48.46 47.46 46.96 47.10 44.67 42.66 41.32 40.69 40.82 40.10 39.36 36.43 
46.0 0.46 62.12 63.86 62.03 63.64 61.29 46.78 44.64 44.40 44.67 42.18 40.3s 39.16 39.78 38.72 39.07 37.43 36.62 

Es 
68.63 68.43 60.93 49.23 60.66 46.62 43.43 42.67 42.17 42.36 40.10 38.42 37.24 36.92 36.66 36.29 36.71 34.64 
63.34 66.23 46.37 48.77 48.16 96.28 41.37 40.67 40.21 40.41 38.26 38.67 36.66 36.26 36.26 34.70 34.17 33.36 

60.0 60.48 62.44 48.12 44.60 46.93 44.21 39.64 36.80 38.46 38.67 36.63 36.12 34.06 33.61 33.80 33.26 32.79 32.01 

47.96 49.98 44.12 42.66 43.96 42.36 37.91 37.21 38.90 37.12 35.16 33.72 32.71 32.49 32.49 32.01 31.66 30.60 
46.76 47.79 42.32 40.96 42.19 40.70 38.44 36.78 36.60 36.71 33.64 32.46 31.60 31.30 31.30 30.66 30.42 29.71 
42.01 44.06 39.24 37.96 39.14 37.82 33.89 33.30 33.06 33.28 31.64 30.27 29.38 29.22 19.23 28.83 26.46 27.80 
38.96 41.00 38.67 36.61 36.60 36.42 31.76 31.22 31.01 31.24 29.81 26.44 27.60 27.47 27.49 27.13 26.78 26.18 
38.39 39.42 34.60 33.42 34.44 33.36 29.96 29.46 29.27 29.60 27.97 26.87 26.08 26.97 26.00 26.87 26.34 24.80 

%-8 
28.04 29.96 27.21 26.39 27.20 26.48 23.61 23.44 23.33 23.66 22.36 21.60 20.88 20.83 20.87 20.64 20.38 x).01 

260:0 
23.41 26.40 23.18 22.44 23.00 22.66 20.29 19.92 19.97 20.20 19.14 18.84 18.21 17.82 17.88 17.84 17.61 17.18 
20.67 22.62 20.61 19.96 20.41 20.13 18.10 17.67 17.83 18.04 17.11 16.83 18.28 16.96 16.01 16.74 16.96 16.41 

Et8 
18.78 20.61 18.80 16.21 16.63 18.39 16.64 16.92 16.31 16.62 16.68 16.41 14.90 14.62 14.68 14.44 14.63 14.14 
17.36 19.02 17.46 16.91 17.31 17.10 16.38 14.82 16.18 16.37 14.68 14.34 13.88 13.62 13.68 13.46 13.84 13.19 

400.0 16.29 17.88 16.42 16.90 16.29 16.09 14.49 13.97 14.30 14.49 13.76 13.62 13.08 12.86 12.91 12.70 12.87 12.46 

:tE: 
16.44 16.98 16.60 16.11 16.48 16.30 13.76 13.30 13.61 13.79 13.09 12.86 12.46 12.23 12.29 12.10 12.26 11.66 
14.76 16.26 14.94 14.46 14.62 14.84 13.20 12.76 13.04 13.22 12.66 12.33 11.94 11.73 11.79 11.61 11.76 11.39 

. . . . . . . . . ..L...................................................~.......~.....................................~...~..~............... 

wA SB Te SA 6T” 6sm 82” 6? 676’ 6Dm 71Lu 73” 7LRE 77m 79’” 8ZpB 63** Wm s2” 60 62 66 
. ..*.*...**..**.*.+.*.***.***~****..*...*.**..*.*....~..~~*.~**.**~.**~*.*...*....*.******...*..~..*~************~*.***..*...*.*.**. 

2.6 47.1s 44.96 44.96 46.26 44.62 42.22 40.89 38.66 37.74 38.74 38.03 36.42 34.14 33.70 33.33 33.41 32.03 31.68 
3.0 60.29 47.96 47.94 48.26 47.66 46.22 43.84 41.61 40.66 39.66 36.90 38.28 38.97 38.48 36.07 36.16 34.62 34.21 
3.6 62.43 60.03 60.01 60.34 60.01 47.32 46.92 43.61 42.76 41.74 40.98 40.36 39.03 38.62 38.07 36.16 38.60 38.07 

::: 
63.90 61.47 61.43 61.77 61.60 46.81 47.40 46.12 44,31 43.27 42.60 41.87 40.66 40.02 39.64 39.63 37.69 37.44 
64.91 62.46 62.41 62.76 62.63 49.66 48.46 48.20 46.42 44.36 43.60 42.98 41.66 41.14 40.63 40.72 36.91 38.46 

2 
66.68 63.10 63.06 63.41 63.22 60.67 49.17 44.97 46.21 46.18 44.40 43.79 42.60 41.96 41.43 41.62 39.66 J9.20 
66.97 63.61 63.46 63.81 63.67 61.06 49.66 47.60 48.76 46.74 44.98 44.37 43.10 42.66 42.01 42.10 40.21 39.74 

8:: 
66.16 63.73 63.69 64.04 63.93 61.34 49.96 47.86 47.14 46.13 46.37 44.77 43.62 42.98 42.42 42.61 40.69 40.12 
66.26 63.81 63.77 64.12 64.06 61.60 60.13 48.07 47.37 46.36 46.63 46.03 43.81 43.27 42.70 42.79 40.86 40.36 

7.0 66.21 63.79 63.76 64.10 64.06 61.64 60.19 48.17 47.60 48.62 46.77 46.19 43.99 43.46 42.88 42.98 41.02 40.64 

8.0 66.69 63.61 63.47 63.62 63.63 61.38 60.07 48.14 47.61 46.66 46.83 46.26 44.11 43.60 42.99 43.06 41.12 40.64 
9.0 66.30 63.02 62.99 63.34 63.39 61.02 49.73 47.69 47.29 46.37 46.68 46.11 44.00 43.49 42.69 42.96 41.02 40.66 

:x 
64.70 62.41 62.36 62.73 62.81 60.61 49.27 47.60 48.93 46.04 46.36 44.82 43.74 43.26 42.66 42.73 40.79 40.32 

12:o 
63.97 61.73 61.70 62.06 62.16 49.93 48.7% 47.01 48.46 46.82 44.94 44.43 43.39 42.31 42.31 42.39 40.46 40.00 
63.20 61.01 60.99 61.32 61.47 49.29 48.11 46.44 46.98 46.13 44.47 43.98 42.97 42.61 41.91 41.99 40.08 39.63 

%8 
60.82 48.78 48.76 49.06 49.28 47.26 46.16 44.71 44.27 43.61 42.89 42.44 41.62 41.12 400.61 40.69 38.78 38.33 
47.10 46.23 46.24 46.66 46.81 44.02 9.06 41.79 41.42 40.76 40.20 39.80 39.00 36.68 36.08 38.16 M.46 36.06 

26.0 43.87 42.16 42.16 .42.47 42.76 41.14 40.26 39.16 38.64 35.24 37.74 37.39 38.67 38.39 36.62 36.90 34.31 33.94 
W.0 41.10 39.61 39.66 39.83 40.13 38.66 37.84 38.86 CM.67 38.03 36.67 36.26 34.60 34.36 33.82 33.69 32.41 32.07 
36.0 38.72 37.23 37.28 37.66 37.66 38.4s 36.74 34.84 34.60 34.10 33.67 33.39 32.79 32.68 32.06 32.13 30.73 30.42 

36.66 36.26 36.32 36.67 36.68 34.60 33.91 33.09 32.86 32.41 32.01 31.74 31.19 31.00 30.61 30.67 29.26 28.96 
34.86 33.63 33.69 33.84 34.16 32.96 32.30 31.63 31.33 30.91 30.63 30.29 29.77 29.61 29.13 29.19 27.94 27.67 
33.26 32.01 32.07 32.31 32.62 31.46 30.87 30.16 29.97 29.67 29.22 28.99 28.60 28.36 27.90 27.94 28.77 28.61 
31.84 30.66 30.71 30.94 31.26 30.17 29.69 28.92 28.76 26.38 28.04 27.83 27.37 27.24 26.80 26.66 26.72 26.47 

60.0 30.67 29.43 29.4s 29.72 30.02 28.99 28.44 27.62 27.66 27.30 26.96 28.78 26.34 28.23 26.80 26.86 24.77 24.63 

29.42 28.33 28.40 26.81 26.91 27.93 27.41 26.81 26.66 26.33 26.02 26.63 26.42 26.31 24.89 24.96 23.91 23.83 
26.38 27.33 27.40 27.61 27.91 26.W 28.46 26.90 26.78 26.44 26.16 24.98 24.67 24.47 24.07 24.13 23.12 22.90 
28.67 26.66 26.96 26.66 20.14 26.27 24.81 24.30 24.17 23.66 23.61 23.44 23.08 22.99 22.62 22.67 21.73 21.63 

lR8 
26.03 24.11 24.16 24.36 14.66 23.63 23.40 22.93 22.82 22.66 22.30 22.14 21.81 21.73 21.38 21.43 20.66 20.36 
13.71 22.64 22.91 23.08 23.36 12.W 22.20 21.78 21.66 21.41 21.17 21.02 20.71 20.64 20.31 20.36 19.62 19.36 

EE 
19.14 18.44 18.60 16.66 16.90 16.30 17.99 17.67 IT.80 17.41 17.22 17.11 16.88 16.83 18.66 16.60 16.93 16.79 

26010 
16.44 16.87 16.66 16.99 16.22 16.71 16.46 16.20 16.14 14.99 14.83 14.74 14.66 14.60 14.26 14.32 14.12 13.06 
14.76 14.24 14.06 14.19 14.41 13.9s 13.86 13.80 13.61 13.46 13.26 13.23 13.08 12.98 12.77 12.82 12.72 12.32 

300.0 13.64 13.07 12.93 il.97 13.16 12.66 12.73 12.61 12.61 12.36 12.19 12.17 12.04 11.96 11.78 11.60 11.71 11.36 
360.0 12.63 12.20 12.07 12.11 12.29 12.01 11.89 11.66 11.69 11.66 11.40 11.37 11.26 il.17 11.00 11.03 10.96 10.61 

Ex 
11.93 11.62 11.40 11.44 11.61 11.36 11.23 11.04 11.06 X0.93 10.77 10.76 10.84 10.67 lOgA; l"g.2 l”B.XX 1”g.g 

6&O 
11.36 10.98 10.67 lO.BO 11.07 10.82 IO.71 10.63 10.64 10.43 1Og.f: 1"g.g 1CLZL~ 10.09 
10.91 10.64 10.43 10.47 10.62 IO.39 10.28 10.11 10.12 10.01 . . 9.69 9164 9:67 9149 9122 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

208 
PB 101s 

82 

WA Be 
4 

.+.*+.*.+..*.. 
f:8 6.420 

4.991 

3.: 4:5 X% 
81146 

t5c 12 
K; AL. 

13 
l ..*..+++...+.LL***~. 

4.140 8.647 8.040 
6.867 S.687 S.eOS 
7.6Gs 10.494 10.641 
8.321 11.396 11.607 
8.029 12.298 12.464 

IT II aJ GE SE SR 
29 28 2s 32 34 38 

~.*.*++***..**C+.+*..**..****.************. 
11.880 12.320 12.400 13.490 13.960 14.631 
13.261 13.730 14.106 16.099 16.947 16.289 
14.676 16.087 16.664 16.443 I?.272 17.96S 
16.672 14.413 16.W8 16.149 10.864 19.402 
17.166 17.722 18.362 19.432 W.409 21.206 

all 
46 4FG 

~**.**.*.****. 
16.432 16.630 
17.493 17.822 
19.436 19.717 
21.310 21.661 
23.133 23.346 

ki 
9.364 9.740 13.209 13.406 13.166 16.360 16.990 17.632 10.432 19.022 19.747 21.102 21.949 22.793 23.114 23.667 24.923 26.117 
9.974 10.466 14.122 14.344 14.132 16.389 18.163 19.076 19.708 20.319 11.127 22.647 23.481 24.370 24.706 26.304 28.493 26.873 

6:O 10.613 11.180 16.048 16.333 16.086 17.434 19.382 20.322 20.997 21.417 22.609 24.031 26.011 26.944 16.298 24.946 29.449 26.620 
6.6 11.266 11.913 16.994 14.312 14.048 18.487 20.669 21.676 22.272 22.020 23.894 26.490 26.644 27.619 27.968 28.667 30.197 30.366 
7.0 11.934 12.664 10.932 17.303 17.021 19.660 21.804 22.836 23.694 24.229 26.286 29.971 29.081 29.097 29.461 30.230 31.943 32.110 

it:: 
13.32 14.18 19.97 19.32 19.00 21.71 24.27 26.39 24.16 29.87 28.10 29.94 31.18 32.27 32.69 33.63 36.44 36.61 
14.78 16.76 20.86 21.40 11.04 23.91 28.78 28.00 29.94 29.64 3O.Bb 32.96 34.32 36.49 36.93 36.87 36.96 39.16 

:E 
16.28 17.37 22.90 23.63 23.13 10.17 29.36 30.46 31.66 32.29 33.86 J(1.02 37.60 39.76 39.22 40.26 42.60 42.73 

12:o 
17.86 19.04 26.00 26.72 26.27 29.48 31.98 33.38 34.31 36.08 36.61 39.13 40.74 42.07 42.66 43.68 44.08 46.36 
19.49 20.74 27.16 27.94 27.47 30.84 34.66 36.13 37.14 37.92 39.82 42.31 44.04 46.44 46.96 47.16 49.72 60.03 

16.0 24.77 26.26 33.94 36.06 34.40 38.28 43.07 44.79 46.96 46.78 40.21 62.19 64.30 66.90 66.48 67.98 SO.33 61.42 

2: 
34.78 38.49 49.43 48.01 47.06 61.72 68.28 60.43 61.84 62.70 80.08 88.91 72.66 74.69 76.26 77.18 80.76 81.63 
49.22 a.00 80.24 42.37 81.04 QS.63 74.96 77.64 79.19 80.07 84.47 69.18 92.69 94.63 96.68 97.94 102.08 103.41 

2: 
69.03 90.76 76.39 76.08 76.32 82.62 33.07 94.06 97.37 99.83 104.32 109.97 114.08 116.62 117.43 120.24 124.03 126.78 
73.16 74.69 31.77 96.03 92.83 B9.90 112.66 116.01 118.14 118.96 126.60 132.23 137.08 133.83 140.77 144.02 143.16 161.62 

40.0 88.63 99.78 109.35 113.24 110.64 118.61 W3.36 137.27 133.63 140.39 148.24 166.32 161.63 164.62 166.64 163.24 174.07 177.36 
46.0 106.14 106.97 128.09 132.46 123.40 138.21 166.44 169.83 162.42 143.10 172.26 180.99 197.41 130.76 131.71 196.87 WI.37 206.73 
60.0 122.93 123.26 147.96 163.21 149.36 163.06 178.76 183.64 184.47 187.06 197.66 207.41 214.66 218.26 219.24 223.86 230.42 234.63 
66.0 141.04 141.64 14tt.92 174.90 170.46 180.38 203.32 W8.W 211.74 212.19 224.11 236.12 243.24 247.08 248.09 263.18 X0.21 266.41 
do.0 161.91 140.30 190.96 197.88 192.67 203.98 223.04 234.90 238.19 238.61 261.30 264.12 273.14 277.20 276.23 283.73 291.29 237.26 

%:"o 
183.1 191.2 214.0 221.6 216.7 228.0 266.3 262.3 296.8 264.0 280.3 234.3 304.3 308.6 303.6 316.7 323.6 330.4 
206.3 202.6 236.1 246.4 239.9 263.1 283.3 290.8 294.6 234.6 311.0 326.8 336.7 341.2 342.3 348.8 367.2 364.8 

ii*:: 
262.6 247.3 299.2 299.2 291.1 3G8.1 348.4 361.1 366.3 364.3 374.8 392.2 406.1 410.0 411.1 418.6 428.0 437.2 

1oo:o 
X4.2 298.0 344.1 366.9 346.1 363.0 406.6 416.7 420.3 419.6 442.3 493.1 470.2 483.6 484.6 433.0 603.4 614.4 
369.6 349.3 402.6 416.3 404.7 423.6 474.1 484.3 489.4 488.0 616.2 636.4 666.8 661.4 662.4 671.3 683.3 696.0 

88.8 8 663 3 746.6 770.1 747.3 776.7 867.3 883.8 891.1 886.2 336.0 376.2 1006.6 1012.6 1012.9 1027.7 1044.3 1067.0 
:%: 1037'1 1038'8 1142 3 1200 3 1166 0 1204 8 1343 6 1367 6 1376.0 1366.0 1441.0 1490.0 1638.3 1666.4 1664.6 1676.3 1690.2 1631.1 
25010 1671:6 1476:l 1439:4 1693:3 164810 163411 1667:8 1326:3 1928.7 1912.4 2017.6 W76.8 2144.1 2174.2 2171.0 2202.2 2208.8 2272.0 
300.0 2100.9 1880.0 2163.1 2239.3 2182.3 2236.7 2430.1 2643.1 2639.7 2610.0 2664.0 2722.6 2313.1 2866.7 2860.7 2833.6 2690.8 2377.6 
360.0 2978.0 2487.4 2744.0 2633.6 2762.3 2823.1 3142.3 3227.2 3201.4 3169.6 3343.1 3423.3 3637.3 3694.3 3686.7 3640.6 3626.0 3740.2 

E8 
3297. 3052. 3369. 3448. 3362. 3461. 3840. 3361. 3908. 3867. 4078. 4171. 4310. 4382. 4363. 

6oo:o 
3963. 3660. 4009. 4140. 4038. 4114. 64;: 4714. 4664. 4mp. 4864. 4960. 6126. 6212. 6198. t:::: : 2%::. 4662. 6409. 
4e43. 4276. 4431. 4844. 4726. 4803. 6613. 6436. . 6666. 6767. 6373. 8081. 8060. 6166. 6103: 6304. 

*IL.*.***....,++.~..****.**.*********....~~..*.......***~****.~..*******.*..*.****.*....*~**~***~***.*****.~..*..~.****~....***~.**. 

. . ..C.**.*"**.....~..*..~***.**.**........*..*.*.***.*~.***~*.**.*.**.**.....*********.~.**~***.**~..*.*.*.**....****..**...**~*~*~ 

3:: 
16.61 if.22 18.67 18.92 19.61 20.69 21.16 21.94 22.33 22.63 23.28 23.76 24.23 24.66 26.23 26.44 27.24 27.01 
la.74 19.46 20.81 21.14 21.86 22.97 23.63 24.63 26.04 26.66 26.06 26.67 27.16 27.62 28.22 20.42 30.36 30.96 

3.: 
20.76 21.68 22.93 23.26 23.37 26.21 26.36 26.37 27.63 28.10 28.66 29.21 23.88 30.39 31.02 31.22 33.27 33.92 

416 
22.72 23.63 24.98 26.28 26.02 27.37 28.17 29.32 23.32 30.66 31.14 31.74 32.43 33.03 33.70 33.09 38.07 36.76 
24.63 26.03 26.98 27.27 28.02 23.48 30.34 31.69 32.23 32.92 33.66 34.19 36.02 36.6~3 36.30 36.48 38.77 39.48 

6.0 26.61 27.60 28.96 29.23 23.98 31.66 32.47 33.82 34.60 36.24 36.32 36.63 37.43 38.10 38.83 33.00 41.42 42.16 

::t 
28.37 29.66 Jo.90 31.17 31.33 33.60 34.67 39.02 34.74 37.63 38.26 38.36 39.32 40.66 41.32 41.49 44.02 44.80 
30.23 31.49 32.64 33.10 33.86 36.63 38.66 38.21 38.96 33.79 40.66 41.28 42.32 42.93 43.78 43.36 48.60 47.40 

S:E 
32.06 33.42 34.78 36.02 36.79 37.66 38.74 40.37 41.16 42.04 42.83 43.80 44.70 46.40 46.23 48.33 43.16 49.38 
33.93 36.36 39.71 3U.94 37.71 33.67 40.81 42.63 43.36 44.20 46.11 46.90 47.07 47.80 48.66 48.61 61.63 62.66 

8.8 
37.64 39.23 40.69 40.79 41.67 43.71 44.96 43.66 47.72 48.74 49.66 60.60 61.73 62.68 63.60 63.64 66.76 67.68 

1o:o 
41.38 43.13 44.60 44.48 46.44 47.77 43.13 61.18 62.11 63.22 64.19 66.10 66.61 67.36 68.34 68.48 61.82 62.80 
46.16 47.08 49.44 48.60 49.36 61.87 63.33 66.64 66.62 67.72 63.78 63.72 61.26 62.16 63.20 63.33 46.90 67.94 

11.0 48.98 61.07 62.44 62.67 63.32 60.01 67.67 63.34 80.98 62.24 63.37 84.38 66.02 66.97 88.10 68.22 72.02 73.12 
12.0 62.86 66.12 69.49 66.63 67.34 60.20 61.87 64.33 66.48 0.84 68.02 69.09 70.84 71.64 73.04 73.16 77.18 76.34 

16.0 64.86 (17.43 49.01 69.02 69.73 73.12 76.11 78.08 79.31 80.92 62.31 83.63 86.41 86.76 ea.18 88.26 93.01 94.36 
88 13 89 79 91 14 91 03 91 62 96 33 98 44 102.14 103.60 106.62 107.36 108.83 111.46 112.86 114.68 114.8~3 120.68 122.33 

2.8 109'03 113'62 114'98 114'69 116'14 120'38 123'43 127 87 129 64 131 99 134 07 136 90 136 96 140 68 142 83 142.73 160 10 162 07 
W:O 133:64 139:13 140147 13S:OS 140:24 146:48 16O:OS 166:27 167:16 14O:Ol 142:47 164146 168:lT 17O:Ol 172172 172.82 181:31 163:60 
36.0 169.62 166.26 167.66 144.SO 144.36 174.19 178.33 184.31 184.41 189.70 192.63 194.79 IS.06 WI.11 204.32 204.16 214.28 216.31 

2:: 
167.2 196.0 196.2 196.4 196.2 203.6 206.3 216.0 217.3 221.0 224.2 226.7 231.6 233.8 237.6 237.3 243.0 262.0 
214.3 226.2 224.4 226.4 224.3 234.3 239.7 247.2 243.7 263.9 267.6 290.3 266.7 268.2 272.6 272.2 286.4 268.7 

kc: 
244.9 267.0 268.1 264.6 266.1 244.6 272.7 280.9 283.6 286.3 292.3 296.4 301.6 304.1 309.0 308.6 323.4 327.1 

40:o 
278.3 290.2 291.3 289.7 288.7 300.4 307.1 316.1 313.1 324.2 328.7 332.0 338.7 341.6 347.0 344.6 393.1 367.2 
312.2 324.6 326.9 324.0 322.6 336.6 342.3 362.8 366.0 341.6 366.6 370.1 377.4 380.4 384.6 384.0 404.3 408.8 

%:8 
346.9 340.9 361.8 369.7 367.9 372.1 380.2 330.3 394.3 400.4 406.7 409.7 417.6 420.8 427.6 427.0 447.0 461.3 
382.9 399.3 399.1 390.7 394.6 410.0 418.8 430.4 434.0 440.8 444.4 460.7 469.3 492.4 470.1 489.4 491.3 496.6 

E.8 
468.7 477.0 477.6 474.7 471.6 483.7 600.1 613.4 617.4 626.0 631.8 639.7 646.7 660x4 669.4 668.3 684.1 690.3 

1oo:o 
639.4 600.8 691.2 667.6 663.6 674.6 696.4 01.6 06.0 414.7 622.6 628.1 639.6 943.6 664.0 462.8 682.6 683.7 
624.8 949.6 449.6 946.3 940.3 664.2 677.7 694.7 (199.6 709.4 716.3 724.6 737.4 741.7 763.3 762.4 766.6 794.6 

160.0 1117. 1161. 
::fi:- 

1161. 1180. 1203. 1334. 
100.0 1707. 1772. 
260.0 2377. 3%. 2447: 

1764. ::z:. 
2448. 2:. 

E:8 
3114. 

2418: :%: fii: 
3217. 3176. 3277. 3791: 

3910. 4064: z%? . 4048. 3996. 4116. 4174: 4740. 

88.8 '&Xi. 
4932. 4961. 4933. 4967. 6007. 6076. 6170. 6178. 6238. 

t;:;. 
6330. 6397. 6423. 6617. 6.600. 6400. 6748. 

6oo:o 6697: 
6868. 6890. 6996. 6321. wsa. 9437. 6641. 4621. 9429. 6809. 
6826. 9973. 6938. 

6786. 6947. 6024. 6136. ;M;. 6213. 
6746. 6928. 7016. 7143. . 7231. 7330: 7366. 7444. 7430. 7610. 7687. 7704. 7916. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

209 
BLsCTROIxC STOPPISC POWER II UJITS OF sw/owsQ a0 BI IOWS 

83 

B/k 

. . . . ..I 
2.6 

AL SI CA n 
13 14 20 22 

~*L.*+**..*****.*.*********., 
104.3 107.4 81.6 

109.9 110.7 

it: 

110.9 112.2 1oo:r S:! 

111.2 112.4 101.3 110.9 112.6 101.4 E.': . 

GE SE 
32 34 

**.***..+.***.., 

SR m a0 Bii 
30 40 42 46 

~***+.**.*l,+*C**++*.*******, 
67.8 67.0 64.8 49.0 

41.2 93.6 z 

tk: 
66:s 
69.2 

I....., 
138.6 

z 
4:o 
4.6 

::: 

%:% 

X:8 

E.8 
12:o 

171.4 147.4 116.6 110.2 111.9 101.6 z.2 i:% 62.4 81.0 74.1 71.7 46.8 69.1 69.7 
147.7 144.4 114.4 109.3 111.0 101.0 

87:6 
02.4 81.1 2: 

EX 
69.7 60.1 

143.8 144.7 113.2 108.2 110.0 
140.1 142.9 ill.8 107.0 108.8 lCU& 

38:S 
87.0 it: 

8311 
44:1 2: 2: 2: 

164.4 140.9 110.4 106.7 107.4 88.3 44.0 44:o 80:3 So:2 

149.4 134.7 107.8 103.0 106.0 2:: 81.7 x 70.4 40.1 69.9 

143.0 132.6 104.7 102.4 137.2 120.3 101.9 lC$.; . 1:: 7210 sx 

131.6 124.4 70.7 124.9 110.4 2; 2: 49.4 i.2:: 

16.0 
20.0 
26.0 

E:o" 

46.6 92.3 i%,: 69.0 Et:8 67.2 66.3 64.3 
69.9 67.1 

61:0 
23 62.8 61.4 60.3 

4812 E3 

62.9 60.1 47.9 

43.1 49.1 47.4 44.0 it: ifi:: ii*; 4312 zx it,: 41:3 

is 
SO:0 
66.0 
60.0 

SS.38 47.80 68.34 64.33 67.94 66.38 49.38 48.34 47.82 47.97 46.39 43.43 42.08 41.44 41.64 40.84 40.10 39.13 
61.76 93.40 64.90 63.04 64.67 62.27 48.46 46.70 46.24 46.41 42.96 41.16 39.88 39.60 39.46 38.78 38.13 37.20 
6'1.64 69.44 61.93 60.19 61.44 49.67 44.27 43.39 42.98 43.17 40.87 39.16 37.96 37.42 37.69 39.98 25.38 36.60 
64.49 64.39 499.34 47.70 49.11 47.19 42.18 41.37 40.99 41.20 39.01 37.38 39.26 36.96 36.93 36.37 34.83 33.99 
61.69 63.66 47.06 46.60 48.84 46.09 40.33 39.64 39.23 39.44 37.36 36.81 34.73 34.47 34.48 33.93 33.43 32.43 

49.03 61.06 46.02 43.66 44.84 43.22 38.47 37.96 37.44 37.84 36.84 34.39 33.34 33.13 33.13 32.44 32.17 31.41 
46.77 48.82 43.20 41.79 43.04 41.63 37.18 313.60 36.21 38.44 34.62 33.11 32.13 31.93 31.92 31.47 31.03 30.30 
42.96 46.02 40.08 38.70 39.96 38.41 34.69 33.98 33.74 33.97 32.19 30.89 29.98 29.82 29.83 29.42 29.02 28.34 
39.82 41.89 37.46 39.24 37.37 3S.17 32.43 31.88 31.44 31.89 30.23 29.03 28.18 28.04 28.04 27.89 27.33 28.72 
37.21 39.27 36.24 34.14 36.18 34.10 30.69 30.08 29.89 30.12 28.64 27.43 24.43 24.62 24.64 24.21 26.87 26.31 

160.0 

ii%: 
3oo:o 
360.0 

28.71 3Q.43 27.62 24.98 27.81 27.07 24.33 23.34 23.86 24.08 22.84 21.97 21.34 21.29 21.32 21.09 20.83 20.46 
23.94 26.99 23.71 22.96 23.62 23.10 20.76 20.37 20.42 20.46 19.67 19.24 18.42 18.22 18.29 13.04 19.21 17.67 
21.10 23.06 21.09 20.42 20.89 20.69 18.62 if.97 la.24 18.44 17.60 17.22 14.46 14.31 14.38 18.10 14.32 16.78 
19.21 20.33 19.24 10.44 19.07 18.82 14.93 14.29 16.70 14.93 14.03 16.77 16.26 14.98 16.02 14.77 14.97 14.47 
il.70 13.47 17.87 17.31 17.72 17.60 16.76 16.17 16.64 16.74 14.93 14.88 14.20 13.94 14.00 13.77 13.96 13.60 

400.0 14.48 18.30 14.81 14.28 14.47 lb.48 14.83 14.30 14.84 14.83 14.08 13.84 13.39 13.16 13.21 13.00 13.17 12.76 
460.0 16.82 17.38 16.97 16.47 16.86 16.47 14.11 13.62 13.93 14.12 13.40 13.17 12.76 12.62 12.68 12.38 12.66 12.16 
600.0 16.12 14.84 16.29 14.81 16.19 16.01 13.62 13.m 13.34 13.64 12.86 12.42 12.22 12.01 12.07 11.88 12.04 11.68 

"' 60 a 62Tp: Wm 67" 6Sm a2w 64w 67" f3Sm 71L" 73" 7gRE 77m 79'" 9Zpg aJB1 SOm 92" 
**..~.,...~.....~t.*...*......**.*.**.*~....*..*.*.***.*.*..********....*****.***.***.***.**.....*..*****.**~.*~**.*.**..***.*.**.* 

47.61 46.24 46.24 46.67 46.12 42.61 41.17 
6Oi49 48.33 48.32 48.44 48.26 46.67 44.16 
62.'89 60.47 60.44 60.77 60.44 47.73 46.32 
64.41 61.96 61.91 62.24 61.98 49.24 47.84 
66.46 62.97 62.93 63.28 63.06 60.36 49.92 

E:J 
64:a1 

E:XZi 

63.46 
64.09 

x3" 
64143 

63.41 
64.04 
64.29 

XX 

61.10 
61.40 
61.91 

if::: 

8.8 
1o:o 
11.0 
12.0 

69.68 64.17 64.13 64.48 64.49 62.01 60.08 
66.07 63.70 63.47 64.02 64.07 61.47 69.37 
66.43 63.11 63.07 63.42 63.61 61.18 43.91 
64.71 62.43 62.41 62.76 62.87 60.40 49.37 
63.94 61.72 61.49 62.04 62.18 49.97 48.78 

16.0 

it8 

2':: 

61.67 
47.84 

49.47 

2.x; 
40123 
37.94 

60.01 

2xi 
4o:az 
38.63 

47.97 
44.71 

x: 
37:13 

37.33 36.90 36.96 39.22 38.63 36.23 34.62 
36.60 34.16 34.21 31.44 34.76 33.66 32.89 
33.89 32.41 32.47 32.91 33.23 32.07 31.46 
32.46 31.23 31.30 31.63 31.86 39.74 30.18 
31.17 33.00 30.07 30.29 30.40 29.66 29.99 

Jo.00 

18.91 
14.22 

:f% 
12:36 

19.48 

wt 
26:lS 
23.86 

:Eit 
14:Cl 

XX 

28.48 27.94 
27.60 24.99 
26.78 26.31 
24.32 23.88 
x3.08 22.06 

160.0 

%:8 

Et: 

18.38 18.00 

:5-s 
IS:02 

:fG 
12:aO 

12.14 11.38 

400.0 12.21 11.79 11.47 il.71 11.88 11.81 11.60 
460.0 11.43 11.24 11.12 11.14 11.33 11.07 10.34 
600.0 11.17 10.79 10.44 10.72 10.88 10.44 10.63 

38.86 
41.84 

2E 
49:46 

47.46 
48.01 

zx 
48173 

46.37 

2: 
37148 
36.46 

27.34 
29.41 

:xJ 
22:21 

11.30 

:;:3: 

33.46 
31.91 

%-ii 
2a:is 

27.19 
29.27 
24.44 

ii:E 

17.98 

:X-t! 
12181 
11.97 

11.31 
10.79 
10.37 

39.99 3S.27 36.88 34.37 33.93 33.66 33.64 
39.96 39.20 38.68 37.26 38.77 38.36 38.44 
42.10 41.33 40.70 39.37 38.86 38.39 38.48 
43.46 42.89 42.26 40.93 40.39 39.91 33.99 
44.81 44.03 43.40 42.08 41.64 41.03 41.11 

32.26 

41.86 
42.44 
42.89 
43.19 
43.38 

41.94 
42.66 

Z.B 
43:44 

43.62 
43.43 
43.20 
42.87 
42.48 

43.40 
43.62 

t:z 
42:64 

40.07 

ix 
41131 
41.49 

41.62 

41.10 
38.76 
36.48 
34.47 
32.49 

Wf 
28142 
27.30 
24.29 

31.12 
29.73 

EB 
2-3:36 

X! 
27.27 

2:: 

26.38 26.44 
24.64 24.SO 
23.07 23.13 
21.81 21.87 
20.73 20.78 

14.97 14.27 

:f.E 
12:07 

:x 
1l:SS 

11.29 11.20 

10.46 10.48 10.60 

'"9::; log: i8 '"9::: 

39.69 
40.14 
40.64 

X 

38.88 
38.41 

EE 
30:96 

29.48 
28.17 

:x*z 
26:oO 

24.14 
23.36 

:A.% 
19:76 

14.14 

xi 
ii:41 
10.88 

?i-:: 
9:43 

46.44 44.34 
48.23 46.46 

x: 
47:0(1 

~*~I 
4S:31 

47.13 

;:g 

46:76 

43.61 
40.82 
38.36 

ii::: 

46.82 
46.48 
46.40 
46.02 
44.68 

42.94 
43.64 
44.00 
44.31 
44.60 

42.12 
39.41 
37.27 
36.19 
33.38 

42.38 

2% 

2X 

44.11 

x: 
43149 
43.10 

41.71 

EX 
34196 
33.16 

32.99 32.68 32.31 31.76 31.64 
31.47 31.09 30.84 30.31 30.16 
30.13 29.77 29.63 29.04 28.89 
28.92 28.68 28.34 27.89 27.76 
27.63 27.60 27.29 m.86 24.73 

El!3 
26.91 26.80 

g:;; 
$-:I 
23:91 

26.06 24.96 
23.64 23.46 

21:41 :::Zi 
22.26 22.18 
21.14 21.07 

17.79 17.40 17.49 
16.33 16.17 16.07 
13.74 13.64 13.63 
12.9S 12.48 12.46 
11.83 11.44 11.44 

17.24 17.19 

2x;: 
12:32 

:i-% 
12:23 

11.62 11.44 

10.89 

?:ifi 
:8*x: 

9:92 
:i*i; 
lo:26 

11.01 

:::it 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RlIC.8 II U9ITS or nwsq a4 
ms 

91 109s 
63 

E/l 9E 
SC 12 

I(i AL SI CA T I  ca rs II aJ GE SE SR za Ho R9 
4 13 14 10 11 24 24 19 29 32 34 38 40 41 46 4:= 

. . ..*.*..~*IC*.I.L.I**.*~.*~.**~*.*****~.***..**.~**..*.**..*~*.*.~~.*.***.**.*~.***.*~*.*.***..~***~****..**~*~.**..*..*.***....~.. 

::: 
4.390 4.110 8.427 8.400 4.440 10.046 10.940 Il.414 11.820 12.290 12.630 13.420 l3.870 14.448 14.470 14.906 16.349 16.740 
4.967 4.866 9.643 9.644 9.394 11.124 12.116 12.734 13.144 13.446 14.031 16.024 16.642 14.200 14.447 16.763 17,403 17.727 

:?I 
7.627 7.674 10.446 10.612 10.333 12.174 13.332 14.011 14.604 16.014 16.473 14.642 17.141 17.874 18.142 18.613 19.342 19.616 

416 
8.104 8.182 il.341 11.462 11.242 13.210 14.624 16.243 16.796 19.339 14.880 18.091 19.766 19.600 19.748 20.219 li.106 21.441 
4.494 8.984 12.238 12.393 12.190 14.239 16.716 14.603 17.072 17.438 18.247 lg.639 20.302 21.099 21.403 21.891 23.019 23.228 

6.0 9.298 9.492 13.140 13.338 13.122 16.298 14.899 17.738 14.341 14.930 19.943 20.997 21.833 22.473 22.999 23.641 24.900 24.989 
6.6 9.914 10.403 14.049 14.290 14.069 14.300 19.086 18.973 19.909 20.219 21.016 22.463 23.364 24.241 24.683 26.179 24.669 29.734 
4.0 10.644 11.120 14.987 16.261 16.004 17.338 19.276 20.211 20.879 21.609 22.388 23.908 24.474 26.806 26.143 29.810 28.304 24.471 
4.6 11.190 11.847 16.899 14.222 16.969 18.343 20.473 21.464 22.164 22.802 23.743 26.394 m.398 27.349 27.742 28.439 30.041 30.204 
7.0 11.460 12.694 14.834 17.206 14.926 19.434 21.979 22.7OS 23.437 24.101 26.146 29.827 27.924 28.937 29.324 30.071 31.774 31.937 

E 
13.22 14.09 14.76 19.21 18.89 21.68 24.12 26.24 26.03 26.72 27.93 29.77 31.00 32.09 32.61 33.36 36.24 36.42 

1o:o 
14.46 16.44 20.72 21.24 10.91 23.77 29.42 27.82 28.47 29.39 30.76 32.74 34.11 36.28 36.72 34.44 38.73 39.91 
14.14 17.26 22.76 23.37 22.99 24.00 29.14 30.44 31.34 32.10 33.44 36.90 37.27 39.61 39.98 40.01 42.26 42.47 

11.0 17.49 18.90 24.83 26.64 26.10 28.29 31.74 33.14 34.10 34.84 39.67 38.89 40.48 41.80 42.29 43.41 46.80 49.07 
12.0 19.31 20.41 24.94 27.74 27.27 30.43 34.41 36.49 36.49 37.47 39.66 42.03 43.76 46.14 46.46 44.94 49.40 49.71 

16.0 24.62 14.04 33.70 34.74 34.13 37.97 42.74 44.44 46.42 49.44 49.86 61.42 63.91 66.60 64.08 67.64 60.61 40.99 
20.0 34.39 39.13 49.02 47.69 49.44 61.18 67.79 69.92 41.33 42.20 96.64 9S.36 72.07 73.99 74.44 74.67 80.13 90.9S 
26.0 46.44 47.49 69.09 61.77 90.44 W.91 74.27 74.83 78.48 79.34 83.71 99.40 Sl.78 94.01 94.74 97.10 101.21 102.63 
3U.0 68.28 40.04 74.41 't7.24 76.64 81.80 92.16 96.16 97.03 97.89 103.32 104.93 113.00 116.63 114.36 119.13 123.76 126.69 
36.0 72.18 73.79 90.77 94.00 91.83 83.92 111.39 114.42 114.93 117.74 124.33 130.91 136.71 138.61 139.39 142.41 147.72 160.16 

40.0 87.32 99.44 108.11 111.94 109.30 117.21 131.91 136.79 134.16 138.91 144.48 164.29 169.84 142.91 143.84 167.61 173.09 174.14 
46.0 103.44 104.41 124.64 131.09 127.89 134.46 163.49 164.04 140.42 141.31 170.36 179.02 186.34 188.49 189.44 193.78 199.42 W3.64 
60.0 121.14 121.01 144.14 161.34 147.69 167.19 174.49 181.62 144.33 184.92 196.30 206.D9 112.24 116.81 214.81 111.39 127.49 232.31 
66.0 l39.78 139.94 144.92 172.73 149.34 179.80 W0.99 W4.10 W9.14 209.71 221.48 232.39 240.42 244.23 246.16 260.29 267.24 291.40 
90.0 169.60 169.47 199.61 196.17 190.13 201.44 224.23 232.04 236.31 236.44 248.97 290.94 269.88 273.92 274.99 290.47 287.99 193.79 

96.0 180.3 179.7 211.2 218.4 212.9 226.1 262.7 269.0 292.6 262.7 277.4 290.7 300.4 304.9 306.9 311.9 319.9 324.4 
70.0 202.1 199.6 234.9 243.2 234.7 249.9 290.3 297.1 290.9 190.8 307.1 321.7 332.6 337.0 339.0 344.6 362.9 380.3 

z.: 
249.9 244.2 296.2 296.1 287.2 302.1 339.4 349.6 360.7 360.3 349.9 387.1 399.9 404.9 406.9 413.2 422.6 431.7 

100: 0 
299.4 292.4 339.2 360.9 341.3 368.0 401.0 410.0 414.7 413.9 434.9 467.0 471.9 477.1 479.1 489.6 494.8 607.9 
363.7 344.0 394.9 410.3 399.0 417.4 497.4 477.9 492.9 481.3 609.1 631.1 649.2 663.9 664.7 664.1 676.4 699.0 

160.0 977.2 449.4 733.9 768.2 734.4 744.9 964.1 970.6 877.7 972.9 921.0 S90.9 990.6 997.6 997.9 1012.6 1019.6 1061.3 
200.0 1078.0 1021.4 1143.6 1180.9 1147.2 1196.4 l32Z.l 1346.9 1364.2 1344.4 1418.3 1489.4 1614.2 1631.1 1630.3 1660.9 1646.6 1406.7 
260.0 1643.9 1449.9 1412.3 1446.0 1410.4 1499.2 1864.9 1993.7 1997.2 1981.1 1994.4 2042.1 2109.3 2139.0 2136.9 1148.4 2173.3 2136.4 
300.0 2043.3 1926.9 2131.1 2201.8 2146.3 2198.1 2449.2 2609.3 2497.1 2474.0 2909.7 2977.6 2749.4 2809.3 2803.6 2946.6 2843.0 2929.9 
360.0 2929.7 2443.4 2994.6 2784.6 2714.9 2774.7 3099.2 3172.0 3149.9 3116.7 3289.2 3346.2 3477.4 3634.0 3626.1 3679.2 3644.9 3877.2 

400.0 3237. 2999. 3300. 3409. 3313. 3391. 
w E: 

3840. 3900. 
*08. ii?:. 

4239. :a;. 4294. 4391. 4339. 4476. 
460.0 3891. 3694. 3939. 4097. 

ii::. 4042. 
4623. 4749. 6106. 6196. 6162. 6316. 

600.0 4667. 4199. 4607. 4767. . 4724. 6264: ~~3~~ 6414. . 6279. 6699. 6486: I%:: 6974: 6964. 9047. 6002. 4194. 

.*1**~....+.*+.**..***.****~.*.~*~.**.*******.*~*****~.*.**...**.*.~****.*~**..****.*~.*...**..****.*..*...**........*.**.*...*...~~ 
E/A SI TE Bl Ll Pn Slf GO 80 II! LU Tl as Iii AU Ps 91 In 

60 62 64 67 69 42 44 97 49 71 73 76 77 79 92 93 so S2" 
.1.**....***+*+*.*.*.....**.****.*.**.**.*..*..******~.*.**...**..*****.*~....**.*.**~*.....*.*****.*.*.**.**~......**.******.*..~.. 

2.6 14.61 17.12 18.44 19.91 19.60 20.49 21.07 21.91 22.27 22.70 23.16 23.92 24.09 24.62 26.09 26.29 17.09 27.456 
3.0 19.43 19.36 20.69 21.03 21.74 22.96 13.61 24.4% 24.91 26.42 26.91 29.43 27.00 27.47 29.07 29.24 30.19 30.90 
3.6 20.46 21.49 22.81 23.13 23.96 26.09 16.92 29.94 27.39 27.S9 28.61 29.07 29.73 30.23 30.99 31.06 33.10 33.76 

::: 
22.40 23.60 24.96 26.16 16.99 27.24 29.04 29.19 29.77 30.40 30.99 31.69 32.33 32.87 33.63 33.71 36.99 39.67 
24.60 26.49 29.94 27.13 17.99 29.34 30.20 31.44 32.09 32.79 33.39 34.02 34.96 36.42 34.11 39.19 38.68 39.29 

EL: 
19.37 27.46 29.80 29.09 29.93 31.40 32.32 33.94 34.33 36.07 36.74 38.41 37.30 37.91 38.93 39.90 41.21 41.99 
29.22 29.39 30.74 31.01 31.77 33.43 34.41 36.96 39.64 37.34 38.06 38.76 39.72 40.36 41.10 41.27 43.80 44.68 

2: 
30.07 31.31 32.47 32.92 33.69 36.46 39.49 39.01 38.74 39.69 40.34 41.07 42.10 42.77 43.66 43.72 49.34 47.14 

7:o 
31.90 33.24 34.69 34.94 36.40 37.44 38.66 40.17 40.96 41.92 42.91 43.37 44.47 46.17 46.99 46.14 49.90 49.73 
33.74 36.19 39.61 39.74 37.61 38.47 40.41 42.31 43.12 44.06 44.97 46.99 44.91 47.66 49.39 49.66 61.42 61.29 

x2 
37.42 39.00 40.34 40.67 41.34 43.49 44.73 44.41 47.47 49.49 49.39 60.23 61.61 62.29 63.20 63.36 64.46 67.37 

1o:o 
41.13 41.88 44.24 44.42 46.19 47.61 49.94 SO.90 61.92 61.92 63.99 64.79 S4.10 67.03 59.01 69.14 41.47 42.44 
44.99 44.79 49.14 48.31 49.09 61.67 63.03 66.23 64.10 67.39 68.43 69.38 40.90 41.79 92.93 42.99 95.61 47.69 

11.0 49.48 60.76 62.12 62.26 63.00 66.49 67.24 69.69 40.42 41.99 42.99 44.00 46.93 89.68 47.49 47.90 71.69 71.49 
12.0 62.62 64.74 64.13 69.24 69.98 69.93 91.60 44.00 46.08 99.43 07.41 98.47 70.41 71.40 72.69 72.49 74.71 77.87 

16.0 94.41 47.14 98.63 88.66 9S.26 72.94 74.41 77.64 79.78 90.39 91.79 92.97 96.04 99.19 97.69 87.94 92.40 93.73 
20.0 86.44 99.09 90.44 SO.33 SO.93 96.21 S7.70 101.39 102.93 104.93 109.66 109.02 110.42 112.01 113.80 113.92 119.79 121.43 
26.0 108.10 112.66 114.02 113.73 114.18 119.39 122.42 124.91 128.48 130.90 131.99 134.49 137.93 139.44 141.44 141.43 149.99 160.96 
30.0 132.31 137.46 CM.20 139.73 139.01 146.19 149.77 163.90 166.77 169.41 191.04 143.02 144.70 149.62 171.10 I71.11 179.74 182.02 
36.0 169.07 144.46 146.98 146.30 146.39 172.66 179.71 192.69 184.49 197.93 180.74 192.97 197.21 199.24 202.42 '202.24 212.31 214.92 

40.0 186.3 193.0 194.3 193.4 193.2 201.6 209.2 232.9 216.1 219.8 222.0 224.6 229.3 231.4 236.3 236.0 244.6 249.6 

E.8 
214.1 222.8 214.1 223.0 222.4 231.9 237.2 244.4 247.1 261.3 264.9 267.9 293.0 246.4 249.7 289.4 282.6 286.8 

66:o 
244.2 264.2 266.3 264.0 263.3 293.7 299.7 277.9 280.9 296.2 299.2 292.3 298.3 300.9 306.7 306.3 320.0 323.7 
276.7 284.9 299.0 296.6 286.6 297.0 303.7 31'2.9 316.4 320.4 326.1 328.4 336.0 337.9 343.2 342.9 369.1 393.2 

40.0 308.4 311.1 322.1 320.3 318.9 331.7 339.0 349.9 361.9 367.6 382.4 344.0 373.2 374.2 382.3 381.7 399.9 404.2 

46.0 342.8 364.4 367.6 366.6 363.7 387.7 376.8 389.4 389.7 396.7 401.1 406.0 412.9 416.0 422.7 422.0 441.9 449.9 
70.0 378.2 393.4 394.3 391.9 389.9 406.1 413.8 426.3 429.8 436.3 441.1 446.3 463.9 467.2 494.4 483.9 486.6 490.9 

tE 
462.9 47'11.0 471.4 498.7 466.7 483.4 493.9 607.0 611.0 619.6 626.3 W-0.1 640.0 643.4 662.6 661.6 677.0 693.1 

1oo:o 
632.4 663.6 663.9 660.4 644.6 697.2 679.9 693.9 699.2 904.9 414.4 420.1 931.3 436.3 946.7 944.6 474.0 881.0 
914.6 440.8 441.0 439.8 931.8 966.6 499.9 996.6 480.4 700.1 709.9 716.0 727.8 732.0 744.0 74‘2.4 774.3 794.3 

160.0 1101. 
::t:* Xf. 

1134. 1123. 1143. 1196. 1212. 1219. 1234. 
:t;i. :z* 

1279. 
:z- :32 

1303. 1341. 1374. 
200.0 ISM) . 
260.0 2426 : 2427 : 

1729. 1709. 176s. 1801. 
2601. E:~ 

1848. 
:tz * 2923: ’ 

1936. 1949. 
2642. 2978 2891: 2734: 1727. ii%. w74. 2894. 

ZE 
if: g. y.lc.. 

;403. pm&. 2461. 

. 3990: 
3223. 

3929: 4044. 
3173. 3334: 
4104. 4182. %: 

3386: 3428. iid". 3493' 3612. 3649. 3969. 3443: 3730. 
4240. 4296. 4316: 4372: 4397. 4449. 4466. 4649. 4441. 

EX m  %t. 2E. 492a* 
pg. 6092. 6090. 6149. 6219. 6239. 6309. 6337. 6423. 6407. 6609. 6961. 

6oo:o 
6844. 

. 9763: 9720: 8917: 4909. 9994: . %S. W% t:E t:E 
4212. 

RZ. 4327- c:x. 
9409. asIS. 9993. 

. . . 7128. . 7340. . 7466. 7671. 7779. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

E/A 

. . . . ..I 

::: 

{:{ 

6LSCIllOIIC GTOPPIIG Powm 16 UIITS OF tIW/(fIG/SQ Cl0 

B6 
EC 

ni AL SI 
4 12 13 14 

*+.....*...***....*. l .*.+**.*.* . . . . 1 

180.2 137.3 113.6 107.7 108.6 
166.1 144.6 116.4 110.6 Ill.7 
164.6 149.2 117.6 112.0 113.3 
101.6 149.8 117.8 112.4 113.8 
177.S 160.0 117.6 112.2 113.7 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

E 174.1 170.3 148.2 t49.4 116.8 116.8 111.6 110.6 113.2 112.4 102.6 102.2 z-i 
8.: 

7:o 

166.4 192.6 149.9 144.8 114.6 113.3 109.6 108.3 111.3 110.2 101.6 88:s 

168.9 142.8 111.9 107.1 109.0 IO&; . E::: 

161.9 139.7 109.0 
146.6 134.4 106.2 
139.6 130.3 103.4 
134.1 128.4 
128.2 122.6 to&: . 

fl?# 
26 

+.***+ 
76.2 
7a.a 

x:2 
83:o 

67.74 99.16 69.44 
63.04 84.68 66.96 
69.07 60.66 62.94 
66.66 67.66 60.31 
62.70 64.67 47.99 

67.39 69.02 
64.06 66.61 
6&i; 

49141 

~~.e$ 

47179 

66.40 60.29 
63.26 47.63 
60.61 46.12 
48.11 43.00 
46.98 41.12 

4s.22 

tz: 
42:lO 
40.34 

Ei 47.79 60.10 40.86 62.12 46.93 44.07 44.42 42.64 46.76 43.93 42.36 44.07 39.44 37.92 38.70 37.23 38.38 36.94 

100:0 !%8 

43.8s 46.98 40.88 39.68 40.78 39.40 36.30 34.67 34.42 

40.70 38.06 42.80 40.13 38.23 36.99 37.02 34.88 38.16 36.93 34.61 36.92 33.10 31.23 32.63 30.71 32.31 30.61 

160.0 

%8 
%?:Z 
2E 6oo:o 

2s.37 31.32 28.43 27.67 28.42 
24.62 29.68 24.24 23.47 24.06 
21.66 23.68 21.67 20.89 21.37 
19.89 21.48 19.69 19.07 19.61 
18.20 IS.93 10.29 17.71 18.13 

27.66 24.87 
;:.g 

19: 26 

;;.;: 

17:32 
iT.Sl 16.11 

24.49 
20.82 

2% 
16:62 

17.08 18.73 17.21 16.67 17.07 16.86 16.18 14.64 14.99 16.16 14.40 
16.lS 17.79 16.36 16.93 16.22 16.03 14.44 13.94 14.26 14.46 13.71 
16.48 17.03 16.66 16.16 16.64 16.36 13.84 13.37 13.67 13.66 13.16 

;:i 

66:4 
61.8 

48.86 
46.26 

i:; 

i?E 
34:66 
32.66 
30.76 

24.60 
21.11 

:E: 
1s: 10 

t!x 
66:2 
62.3 
49.0 

46.22 
43.78 
41.64 

X 

36.67 36.07 
36.20 33.77 
32.84 31.62 
30.86 29.62 
29.16 26.00 

23.34 22.46 
20.01 19.69 
17.90 17.61 

::::: :t::: 

GE 
32 

44.22 
41.91 

ET: 
36:60 

14.16 

%ZS 

2:: 

66:4 
64.3 

61.0 
66.1 
61.9 

2:: 
42.64 
40.62 
36.67 
38.94 
36.40 

34.02 

ii.:3 
28:76 
27.19 

21.81 
19.03 
17.03 
16.60 
14.63 

13.70 
13.06 
12.61 

210 
PO 106s 

84 

SR zn 
38 40 

l **+*....*..*+ it:: 67.4 

iz*: Et; 
98:s zx 

ZT:: 2:: 

k!$p #:F 

Kt 66.2 66.4 

t$:p . 2: 62:s 

69.8 69.6 
66.1 64.9 
61.1 60.9 
47.8 47.6 
44.9 44.8 

42.39 42.31 
40.23 40.17 
g.gg 

36:14 

p; 

36:12 

33.78 33.77 
32.66 32.66 
30.42 30.43 
28.61 28.63 
27.07 27.09 

21.76 21.79 
18.62 18.69 
16.88 16.76 
16.30 16.36 
14.26 14.33 

13.46 13.62 
12.82 12.86 
12.30 12.36 

p:i 

$8 

Es 
49:s 

ii:'9 

41.67 
39.49 

Ez 
34:68. 

21.66 
18.44 

:ix 
14:OS 

13.30 
12.68 
12.16 

SE 
46 

. . . ..I.. 
49.3 
63.0 

x 
68:s 

69.7 

z-3 
80:s 
61.0 

iZ:i 
69.9 
6S.2 
68.6 

66.1 
62.2 

ti:: 
43.1 

40.82 
38.83 
37.06 
36.49 
34.07 

32.80 
31.64 
29.61 

ii::: 

4" 
'****. 

61.2 

kit:! 

E:i 

2x 
69:3 
68.6 
67.7 

66.1 
61.1 
47.6 
44.6 
42.1 

39.83 
37.88 

2:: 
33:ze 

32.02 
30.89 
28.93 
27.27 
26.84 

:K% 
la:12 
14.80 
13.81 

13.04 
12.43 
11.93 

. . . ..*+*...*+..*.+.**~*..**~.*..*....*..*...*...*.*...*..***.*.~*.***....**..~****.~***.****~*~*****~.******~***....*~.**~.*.....~*. 
VA 51 T2 BA LA PR SH CD 80 RI LU TA 66 I3 AU PB BI 'ITi 92U 

60 62 66 67 69 62 84 67 6% 71 73 76 77 79 82 83 so 
..**..l+..U...2.*.***.****~.*....*.**.~**.......*...*~.*.~...**....**.~**~**.*****.*~*~.*.~**~*~****~..*~**~*~...~.*.**.*~.....**~. 

i:: 47.93 61.08 46.66 48.70 46.66 48.69 46.87 49.01 46.42 48.62 42.78 46.91 44.62 41.44 39.10 42.16 41.30 38.24 37.23 40.26 36.60 39.60 36.89 38.87 34.69 37.63 34.14 37.04 33.77 36.62 33.86 36.71 32.46 36.16 32.08 34.74 

s*: 63.34 64.91 62.42 60.89 60.87 62.39 61.20 62.73 60.87 62.46 48.13 4S.71 46.71 48.27 44.36 46.94 43.61 46.12 42.46 44.06 41.67 43.27 42.63 41.04 39.69 41.29 40.76 39.17 38.71 40.26 38.80 40.36 37.12 38.68 36.68 38.12 
4:6 66.99 63.48 63.44 63.79 63.66 60.83 49.39 47.10 46.30 46.23 44.44 43.81 42.48 41.93 41.41 41.60 39.66 39.19 

ii:: 69.71 67.17 64.20 64.96 64.16 64.61 64.60 64.96 64.31 64.82 61.61 62.14 60.17 60.71 47.92 48.61 47.76 47.16 46.09 48.71 46.30 46.93 44.67 46.30 43.36 44.01 42.80 43.46 42.27 42.90 42.36 42.98 40.46 41.06 39.99 40.67 

8.: 
710 

67.64 67.43 64.93 66.06 64.88 66.00 66.23 66.36 66.28 66.12 62.48 62.67 61.06 61.27 48.90 49.16 48.17 48.44 47.14 47.43 48.36 46.66 46.76 46.06 44.47 44.80 43.91 44.24 43.36 43.66 43.44 43.76 41.47 41.77 40.99 41.28 
67.64 66.06 66.01 66.37 66.32 62.74 61.36 49.29 48.60 47.60 48.83 46.24 46.01 44.46 43.87 43.96 41.96 41.47 

1o:o fi.8 

67.27 64.83 64.78 66.14 66.14 62.64 61.29 49.31 48.66 47.69 48.94 46.36 46.17 44.63 44.03 44.12 42.11 41.62 

66.78 66.16 64.38 63.80 63.76 64.34 64.69 64.11 64.74 64.20 62.31 61.84 60.99 60.66 49.10 48.74 48.48 46.16 47.64 47.24 46.81 46.62 46.26 46.98 46.10 44.88 44.37 44.68 43.97 43.76 44.06 43.84 42.06 41.84 41.66 41.36 

:::: 66.44 64.88 63.13 62.42 63.10 62.40 63.46 62.74 63.67 62.89 61.27 60.66 49.44 60.02 48.28 47.76 47.23 47.72 48.84 46.37 46.14 46.69 46.62 46.18 44.14 44.64 44.08 43.67 43.43 43.06 43.62 43.13 41.64 41.17 41.06 40.70 

16.0 62.32 60.20 60.19 60.63 60.73 48.60 47.63 48.02 46.66 44.77 44.14 43.67 42.72 42.31 41.68 41.77 39.87 39.43 

28 46.32 48.69 49.96 43.66 40.66 43.67 40.98 43.67 47.24 44.17 46.40 42.49 44.39 41.66 43.0% 40.43 42.71 40.11 42.02 39.49 38.97 41.46 41.04 38.61 40.21 37.87 37.67 30.86 39.26 30.99 39.34 37.07 37.67 36.42 37.17 36.06 

$2 42.62 40.10 40.87 39.66 40.00 38.60 41.19 38.98 30.19 41.60 39.97 37.77 39.13 37.00 38.10 316.08 37.82 36.81 37.26 36.30 36.78 34.86 Jo.46 34.66 36.78 33.94 36.63 33.72 34.97 33.18 36.04 33.26 33.60 31.80 33.16 31.48 

g; 
66:o 

CS.46 37.99 34.62 36.64 34.78 33.21 30.60 34.63 33.28 36.09 33.62 M.86 37.10 36.41 33.64 31.66 36.86 34.16 36.13 33.49 32.03 34.27 32.69 31.29 34.06 32.48 31.09 32.04 30.68 33.67 33.16 31.66 30.31 32.68 31.40 30.07 32.31 30.86 IS.67 32.12 30.69 29.42 31.60 30.19 28.94 31.67 30.26 29.01 30.30 28.96 27.77 30.00 28.68 27.60 
33.07 31.92 31.89 32.12 32.46 31.32 30.72 30.03 29.86 29.46 IS.11 28.88 28.41 28.27 27.61 27.88 28.69 26.44 

do.0 31.76 30.67 30.64 ZVJ.87 31.19 30.12 29.66 26.89 28.73 28.36 28.02 27.81 27.36 27.24 26.79 26.86 26.72 26.46 

3:: . 30.69 29.62 27.66 29.44 29.42 29.62 29.61 29.48 26.6s 29.70 29.73 26.90 30.06 29.02 27.20 29.02 29.03 26.29 28.48 27.61 26.81 27.88 29.92 26.28 27.71 26.78 26.16 27.36 29.46 24.84 27.04 26.14 24.66 29.04 26.96 24.38 26.41 26.64 24.01 26.29 26.43 23.92 26.86 26.02 23.63 26.93 26.08 23.68 24.63 24.03 22.60 24.60 23.80 22.40 

ICE 26.06 24.70 26.10 23.79 26.17 23.86 26.37 24.06 26.66 24.34 24.81 23.64 24.37 23.11 23.88 12.67 23.76 22.66 23.49 22.30 23.21 22.06 23.06 21.00 22.70 21.67 22.62 21.60 22.26 21.16 22.31 21.21 21.39 20.33 21.19 20.16 

z?z 
260: 0 

19.98 17.18 19.26 16.69 19.32 16.69 19.47 16.71 19.73 19.96 19.10 IO.42 18.78 16.16 la.44 16.88 18.37 16.83 18.17 16.67 17.98 16.60 17.80 16.41 17.61 16.20 17.66 16.16 17.28 14.92 17.33 14.96 14.76 16.62 16.48 14.28 
16.43 il.90 14.73 14.84 16.07 14.94 14.40 14.23 il.23 14.07 13.86 13.84 13.68 13.68 13.36 13.40 13.30 12.88 

%:8 14.17 13.23 13.68 12.77 13.63 12.64 13.68 12.66 13.78 12.07 13.46 12.67 13.32 12.46 13.09 12.23 13.10 12.24 12.96 12.11 12.76 il.93 12.74 11.91 12.60 11.78 12.61 ii.70 11.61 12.31 12.36 11.66 12.26 11.46 11.87 11.11 

12.49 12.07 Il.94 11.98 12.16 11.08 11.76 11.67 11.68 11.46 11.29 11.26 11.16 ii.07 10.90 10.93 10.84 10.62 
11.81 11.60 il.38 11.42 11.69 11.33 11.22 11.03 ii.04 10.92 10.77 10.76 10.64 10.67 10.40 10.43 10.04 
11.43 il.04 10.93 10.97 11.13 lO.EB 10.77 10.80 10.61 10.49 10.36 10.33 10.23 10.16 10.00 10.03 

'"9.;: 
. 9.88 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

210 
Pa IOlS 

64 

E/n SE 
2 12 

I(; AL sx CA n CR FE II aI GE SE SF. ZJL Ho 36 
4 13 14 20 22 24 2% 2% 23 32 34 3% 40 42 46 4” 

*.~**~*,+.+..++..~*.***.**.**~*~***************************.****.**~.~.~**.**~.*****~.*.~*..***~~**~***.*~*~**~**********~********** 
2.6 %.3%0 6.060 6.670 6.660 6.400 10.006 10.610 11.367 11.710 12.200 12.470 13.360 13.800 14.372 14.69% 14.624 16.267 16.660 

E 6.323 7.469 7.640 6.623 10.379 3.4%3 10.463 9.610 10.264 8.362 II.080 12.126 12.0%0 13.272 13.944 12.673 13.122 14.436 13.601 14.347 l3.S%% 15.403 14.940 16.462 17.100 16.487 16.119 17.767 1%.3%2 16.062 16.667 16.421 17.317 19.249 17.642 19.624 

::i %.0%2 6.647 6.244 6.944 11.270 12.162 11.36% 12.323 ll.W% 12.131 13.166 14.160 14.463 16.644 16.131 16.424 16.720 16.363 16.261 17.66% Id.%04 18.164 17.974 13.441 I%.%%7 20.207 19.40% 19.691 20.394 a.237 10.120 21.763 21.106 22.910 21.342 23.121 

6.0 3.243 3.646 13.06% 13.262 13.066 16.202 16.620 17.662 16.261 16.641 19.662 20.696 21.729 22.604 22.884 23.426 24.%82 24.873 
::: 10 3.663 477 10.360 11 063 

6.6 11:116 II:763 

13 14’672 960 

16:7S3 

14 16'161 207 

I%:124 

13.867 14 326 

16:%73 

16.22% 17 269 

1%:2S7 

17.99% IS 161 

x):370 

16.673 W 109 

211346 

W 13.611 773 

22:040 

W 21’403 122 

22:6%7 

10.316 22.273 23’767 22 342 

26:234 

23 24’764 243 

2%:26% 

24 26’677 123 

271231 

24 2%‘030 460 

27:SSS 

26 2%‘674 063 

23.646 I%:293 

2L) 2%‘166 431 

29:%91 

26 26’334 60% 

30:067 
7.0 11.76% 12.613 16.726 17.099 16.631 13.343 21.66% 22.66% 23.313 23.377 26.017 26.666 27.76i 26.767 Is.171 29.914 31.613 31.773 

1o:o k”o 
13.12 14.01 16.63 19.09 16.7% 21.47 23.93 26.10 26.63 2%.6% 27.7% 2S.61 30.63 31.32 32.33 33.17 36.06 36.23 
14.63 16.01 16.64 17.13 20.6% 22.6% 21.12 23.21 W.76 22.63 23.%4 26.66 26.47 26.39 30.27 27.%% 31.17 26.60 23.22 31.91 30.63 33.44 32.68 36.69 33.92 37.06 36.0% 38.29 36.62 38.76 3%.46 3S.76 38.62 42.01 42.23 38.71 

11.0 17.64 16.77 24.64 26.3% 24.93 26.12 31.67 32.94 33.8% 34.66 58.36 3%.66 40.24 41.66 42.04 43.16 46.63 46.60 
12.0 19.14 20.46 28.76 27.6% 27.03 30.44 34.20 36.66 3%.66 37.43 33.31 41.77 43.48 44.66 46.37 46.67 49.10 43.41 

16.0 24.2% 26.62 33.42 34.60 33.67 37.71 42.44 44.14 46.30 4%.12 48.62 61.46 63.64 66.13 66.70 67.17 60.10 80.68 
20.0 34.01 36.73 46.61 47.17 4d.24 60.67 67.32 63.44 60.84 61.71 66.03 88.61 71.61 73.42 74.03 76.99 73.62 80.36 
26.0 46.13 47.00 69.10 61.1% 63.69 66.33 73.62 76.16 77.60 76.67 62.93 67.04 91.00 33.21 93.9% 96.29 100.37 101.68 
30.0 67.66 69.33 73.84 7%.47 74.73 61.03 91.2% 94.26 9B.12 96.3% 102.36 107.93 111.37 114.4% 116.29 116.0% 122.64 124.4% 
36.0 71.26 72.33 63.79 33.00 SO.87 97.92 110.2% 113.67 116.77 116.W 123.11 129.63 134.39 137.18 138.06 141.26 146.32 146.73 

40.0 88.16 67.67 106.83 110.72 108.10 116.97 130.61 134.37 136.71 137.4% 146.17 162.71 168.22 161.27 162.19 166.63 171.37 174.40 
46.0 102.23 103.23 126.11 123.6% 126.44 136.14 162.00 166.32 168.6% 169.6% 166.63 177.11 183.40 186.71 167.67 191.76 137.76 WI.44 
60.0 119.46 120.03 144.41 149.66 146.86 166.40 174.69 173.47 162.27 162.6% 133.13 102.60 209.91 213.46 214.46 218.89 226.46 223.62 
66.0 137.7% 137.7% 164.76 170.62 I%%.30 176.71 136.64 203.80 206.62 207.31 2l6.96 229.76 237.70 241.43 242.60 247.60 264.41 263.60 
60.0 167.17 166.61 166.14 192.73 167.7% 199.04 223.62 229.27 232.62 232.87 246.94 267.91 286.74 270.76 271.79 277.26 284.61 290.46 

66.0 177.6 170.2 206.6 216.9 210.2 222.4 243.8 266.9 263.3 263.6 274.1 267.3 297.0 301.2 302.3 308.2 318.0 322.6 
70.0 199.1 196.8 231.3 240.0 233.7 24I.7 276.8 263.6 267.2 287.3 303.4 317.6 326.6 332.3 334.0 340.4 348.6 366.0 
60.0 246.0 240.7 281.4 291.2 263.3 298.1 334.2 342.0 346.2 346.6 386.2 382.2 394.9 399.7 400.7 408.1 417.3 426.3 
93.0 294.7 266.1 334.6 346.1 336.6 363.2 396.7 404.6 409.2 406.4 431.2 461.0 4%6.7 470.9 471.3 480.2 490.4 601.1 

100.0 346.1 338.8 3Sl.2 404.6 393.4 411.9 451.0 471.1 476.1 474.8 601.3 623.9 640.9 646.4 647.4 666.7 667.9 660.3 

160.0 666.0 838.3 722.7 746.6 726.2 763.6 841.4 867.6 864.7 660.1 907.6 946.6 976.0 983.0 993.4 997.8 1014.7 1036.1 
200.0 1063.6 1004.6 1126.2 1162.1 1123.0 1167.0 1301.6 1324.3 1333.1 1323.6 1336.4 1444.0 1430.3 1607.6 1606.9 1627.1 1641.7 1661.3 
260.0 1617.0 1426.3 1686.6 1637.8 1694.1 1633.2 1626.6 1663.2 1666.7 1661.0 1962.6 2003.6 2076.7 2104.3 2102.0 2132.3 2136.9 2200.1 
300.0 2027.0 1832.3 2036.3 2ldQ.S 2109.4 2161.6 2407.8 2464.9 2466.0 2433.3 2666.9 2633.6 2721.1 2763.4 2767.6 2799.2 2796.3 1861.1 
360.0 2663.0 2401.2 2%60.6 2737.1 2868.6 2727.9 m37.2 3116.7 3094.1 3063.6 3231.3 3309.1 2413.4 3476.2 3466.6 3619.7 3607.8 yJl6.3 

400.0 3173. 2946. 3243. 334s. 3266. 3333. 3709. 3616. 3776. 3736. 3340. 4030. 4164. 4234. 4222. 4287. 4266. 4399. 
460.0 3%Ll. 3621. 3870. 3936. 389%. 3372. 4419. 4662. 4494. 4446. 466%. 6034. 601%. 6097. 6064. 6226. 
600.0 4476. 4126. 4626. 4074. 4669. 4%41. 6163. 6321. 6246. 618%. 6470. 

W: WI;: 
6671. 6861. 6943. 6899. 6087. 

I.*C**~**..*.**.**.*......*.**********************.*******.*.**.***************~****..**.~.*..*..**.*******************.**..****.**. 
E/A 511 TE %A LA m 5% CD 80 In LU TA RE I3 AU Pa BI ln 

60 62 66 67 69 62 64 67 69 71 73 76 n 73 62 63 90 92” 
I****.t*****~...**+*.*..*~~***,***.*.*.****.*~...*****~~~****.*********~**..*********.~**~~***.*..**.~**.*..*.**.***.*.**.*.*~~.~..* 

2.6 16.43 17.04 18.37 18.72 13.40 20.36 20.96 21.71 22.16 22.63 23.03 23.60 23.96 24.39 24.96 26.16 26.34 27.61 
3.0 18..66 19.26 20.60 20.93 21.63 22.74 23.40 24.23 24.79 26.23 26.79 26.30 Zg.67 27.34 27.93 28.13 30.04 30.66 
3.6 20.6% 21.37 22.70 23.02 23.74 24.37 26.70 28.72 27.27 27.83 26.37 26.93 29.69 30.09 30.71 30.90 32.94 33.6% 
4.0 22.60 23.40 24.74 26.04 26.77 27.12 27.91 29.04 29.63 30.28 30.64 31.44 32.18 32.71 33.37 33.66 36.72 36.33 
4.6 24.39 26.3% 26.72 27.01 27.76 29.20 30.06 31.30 31.93 32.61 33.24 33.66 34.68 36.26 36.94 38.12 38.40 33.10 

6:O FE 

26.26 27.33 26.67 26.36 29.70 31.26 32.17 33.60 34.17 34.90 36.67 36.24 37.13 37.73 3%.46 X.62 41.02 41.76 

26.09 29.93 31.17 29.26 30.60 32.62 30.67 32.77 31.62 33.63 33.28 36.2% 34.26 36.31 36.%% 37.84 36.39 38.66 39.40 37.17 37.8% 40.16 38.67 40.67 39.63 41.30 40.16 42.67 40.91 43.36 41.0% 43.61 43.69 48.14 44.36 48.94 
6.6 31.76 33.0% 34.43 34.67 36.43 37.2% 38.36 33.9% 40.76 41.62 42.41 43.16 44.26 44.36 46.76 46.92 48.66 43.49 
7.0 33.68 34.99 38.34 38.67 37.33 39.27 40.41 42.11 42.31 43.83 44.66 46.44 46.69 47.31 48.16 48.31 61.17 62.02 

lo:o PO” 

37.23 38.61 40.16 40.37 41.13 43.26 44.60 48.37 47.23 48.24 43.13 49.97 61.26 62.03 62.93 63.08 68.16 67.08 

40.92 44.63 42.66 4’3.64 44.01 47.30 44.19 48.06 48.61 44.36 47.26 61.23 46.60 62.74 60.63 64.93 61.66 66.30 62.66 67.08 63.61 69.11 64.60 6S.W 60.67 66.30 61.46 66.73 62.49 67.71 62.62 67.64 61.16 88.16 62.12 67.13 
11.0 48.40 60.46 61.82 61.96 62.70 66.36 66.91 63.26 80.28 61.64 62.64 (u.64 66.26 %%.20 67.31 s7.43 71.19 72.28 
12.0 62.21 64.44 66.61 66.91 66.66 63.48 61.14 Bj.63 84.70 60.06 67.21 68.27 70.00 70.93 72.16 72.27 76.27 77.42 

16.0 63.39 %%.72 66.03 66.11 66.81 72.17 74.13 77.06 78.28 73.87 61.24 62.44 84.60 66.64 67.03 87.11 91.81 33.14 
20.0 84.62 BB.43 89.80 63.67 90.27 94.61 96.99 100.66 102.08 104.08 106.73 107.24 109.83 111.20 112.99 113.01 116.94 120.66 
26.0 107.21 111.74 113.10 li2.61 113.27 118.43 121.44 126.61 127.46 123.67 131.33 133.63 136.76 136.34 140.66 140.62 147.73 143.67 
3Q.0 131.16 136.64 137.9% 137.62 137.81 143.33 147.49 162.6% 164.44 167.26 163.67 161.63 166.23 167.09 169.76 169.67 176.22 180.4% 
36.0 166.63 163.11 164.42 163.7% 163.66 170.9% 176.09 160.32 182.98 166.22 189.01 191.23 196.43 197.44 WO.60 W0.44 210.41 213.00 

ii:: 211!.9 183.6 220.6 191.1 192.4 221.6 191.6 220.7 220.3 191.4 199.6 229.6 204.2 234.9 242.2 210.6 213.1 244.7 216.7 248.6 213.3 262.3 222.4 266.1 227.2 223.4 233.0 232.8 244.2 247.2 
260.4 2%2.8 267.0 266.7 279.7 263.0 

60.0 24P.6 261.6 262.6 261.4 260.7 261.0 266.9 276.0 277.7 262.3 266.2 289.3 236.2 237.6 302.6 302.2 316.7 320.4 
66.0 272.7 263.6 284.9 283.4 262.4 293.8 300.4 309.3 312.2 317.2 311.6 324.9 331.4 334.2 339.6 339.1 366.3 
60.0 

369.3 
306.1 317.6 318.6 316.7 316.4 326.0 336.3 344.3 346.0 363.6 368.4 302.0 389.1 372.0 378.1 377.6 396.4 399.8 

66.0 339.6 362.6 363.4 361.4 349.7 363.6 371.6 382.0 386.3 391.2 396.6 400.4 406.2 411.3 418.0 417.3 437.0 
70.0 

441.8 
373.7 366.6 389.6 381.3 386.2 400.4 403.0 420.3 423.6 430.3 436.0 440.2 446.6 461.3 469.3 468.6 460.0 486.2 

i2:: 447.3 626.6 Ibb.2 64%.6 4%6.8 546.9 463.0 643.4 460.1 639.6 477.8 560.0 487.3 671.6 600.9 686.4 630.6 604.8 689.3 612.3 613.0 623.7 633.6 637.1 646.9 644.9 670.1 676.2 
607.0 612.4 823.6 627.4 637.7 636.6 666.7 672.6 

100.0 606.4 bJ2.4 %32.6 626.6 623.6 647.0 660.2 676.7 %%I.6 691.1 633.6 706.9 716.4 772.7 734.4 733.1 766.6 774.3 

160.0 1066. y;. mz. 111%. 1107. :::z. 116%. 1194. 1201. 1217. 1231. 
200.0 1666. 1664. ii:: :i+:: :;6. 1267, 128%. 1342. 1366. 

236%: 2363: 
EE 

2422 : : 
1611. 1620. 1642. 1663. 

260.0 2342. 2636 : 
1314. 1346. :i::. 

2302. 
3916. 3113: 

2612. 2622. 2661. 2682. 2699. 
%E 

2631. -4: %2’ :2:. 
3013. 3781. 3920. 3126. 3134. 3933. 3074. 3963. 3960. 3171. z:1”* . 3263. 4113. 3292. 4122. 3331. 4170. 3373. 

4226. 
23;: pg. 2%: 

. 4326. 3636;. . 3636;. . 
3684: 3670: 
4472. 4696. 

Z?: 4699. 64%0. 4767. 6663. 4794. 6696. 476%. 566%. 4704. 6669. 4%40. 6746. 4906. 6610. ;;;;. 6006. 6063. 6131. 6162. 6217. 6243. 6333. 6317. 6414. 6668. 
6107. 6162. 600.0 6361. OsSl. %837. 6301. 6406. 6560. %%06. 6613. 6691. 6776. @839: 8%: iii%: 2%. 

. 
7104. 7190. 4;:. 

. 
q3g. 

. 7328. 7442. 7647. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

EECTkOIIC S'COPPIIG POWER II UlITS OF IGW/(HG/SQ a!) 
211 

AT 101s 
86 

WA BB 
6" 11 

Hi AL SI CA n CR m 11 w GE SE SR IR no 
4 13 14 20 

SE 
22 24 24 28 29 32 34 38 40 42 46 4" 

..L.*+*..+~+~.*..+++~....**~.**..~.****..*....**.***.*...****.....**.*~*~*.*.******...**.~.**...*~*~*.**.****~.*~~~***..*~~~~..~*..* 

f:i? 
180.3 138.1 114.4 108.8 109.4 
188.8 146.8 117.6 iii.7 112.7 1% KG ii':: 2: 

67.8 

2: 
188.9 149.0 118.8 113.1 114.4 102:3 a:7 %!I 

z:: . Ei*: 
61.6 

184.0 161.3 119.2 113.5 116.0 103.4 EX ii-!! 86'4 %! 1.i 
2: 

4:s 180.6 161.7 118.9 113.4 116.0 103.8 zz:: 89.3 6712 55:s 44:2 
6V:0 

69:3 0.1 

i:: 
174.7 161.1 118.1 111.8 114.6 103.7 
172.8 160.0 117.2 111.9 113.7 103.3 E3 Zi:: ti:: 2: 
148.9 148.6 114.0 1lO.S 112.7 I02.7 
146.1 145.7 114.7 109.7 111.4 102.0 ix g-: EP E:6" 
141.4 144.7 113.3 108.4 110.4 101.1 es:4 86:2 8311 82.1 

8.0 164.4 140.4 110.6 106.8 107.8 99.1 

1% 
147.9 135.4 107.8 103.1 106.2 fkk 

:::: 

141.9 131.3 104.8 10&g y&; 
134.6 128.3 102.1 
131.4 114.6 99.4 9614 9717 

K 
76:7 

4.0 59.13 70.61 50.64 68.46 60.11 67.43 61.20 60.11 49.67 49.73 47.06 46.01 43.40 43.14 43.04 42.31 41.64 40.63 

f-E 
54.36 56.97 67.Oi 66.07 66.44 64.24 45.40 47.41 45.93 47.10 44.68 42.48 41.34 40.96 40.90 40.21 39.63 38.64 

66:0 
50.30 a.08 63.94 62.14 63.44 61.47 46.97 46.06 44.42 44.81 42.42 40.43 39.38 39.03 38.99 38.30 37.74 34.82 
65.83 68.73 61.29 49.68 61.04 49.03 43.82 42.95 42.67 42.78 40.61 38.81 37.44 37.33 37.30 38.71 35.16 36.28 

60.0 63.81 66.79 48.94 47.32 48.73 45.87 41.91 41.11 40.74 40.97 38.80 37.20 30.08 36.80 36.79 36.24 34.72 33.89 

%:Z 
61.17 63.20 45.84 46.30 46.8'3 44.94 40.21 39.45 39.13 39.36 37.27 36.74 34.67 34.43 34.42 33.91 33.42 32.83 
48.82 60.89 44.96 43.60 44.80 43.20 38.47 37.98 37.48 37.89 36.89 34.43 33.40 33.19 33.19 32.71 32.26 31.49 

zi?: 
44.86 45.96 41.72 40.38 41.41 40.19 34.01 36.37 36.11 36.34 33.49 32.14 31.19 31.02 31.03 30.60 30.19 29.60 

100: 0 
41.40 43.71 3V.02 37.79 38.94 37.47 33.77 33.19 32.97 33.21 31.47 30.22 29.33 29.19 29.21 28.82 28.44 27.81 
38.89 40.99 35.74 36.69 38.68 36.63 31.87 31.34 31.14 31.38 29.76 28.67 27.74 17.42 27.44 27.29 24.94 25.35 

160.0 30.03 32.01 29.06 18.17 29.04 28.26 26.40 26.01 24.89 26.13 23.84 22.93 22.27 22.22 22.26 22.01 21.73 21.33 
200.0 26.08 27.18 24.78 23.99 24.69 24.14 21.49 21.28 21.34 21.68 20.46 20.13 19.46 19.03 19.10 18.84 19.03 18.36 
260.0 22.16 24.12 22.04 21.35 21.86 21.64 19.36 18.80 19.08 IV.30 18.30 18.01 17.41 17.05 17.12 14.83 17.07 14.48 

z%: 
20.12 21.97 20.14 19.60 19.96 19.49 17.71 IT.04 17.47 17.88 14.77 16.60 16.94 16.86 16.71 16.46 16.46 16.14 
18.62 20.39 18.71 18.12 18.66 18.32 14.48 16.86 14.26 113.47 16.42 16.37 14.87 14.69 14.86 14.42 14.41 14.13 

z% 
17.48 19.17 17.41 17.06 17.45 17.26 16.63 14.98 16.33 16.63 14.74 14.49 14.02 13.77 13.83 13.61 13.79 13.34 

6Go:o 
15.67 18.21 14.73 14.20 IO.60 14.41 14.77 14.24 14.69 14.79 14.03 13.79 13.36 13.11 13.18 12.97 13.14 11.72 
16.86 17.43 16.02 16.61 16.90 16.72 14.14 13.68 13.99 14.18 13.45 13.22 12.80 12.68 12.46 12.46 12.51 12.21 

. ..*.*1*..*~....+.*.~..~..*...**~*..****.~*..***..*.*.*..*.***....***~.**~~..*..***......*.**~~*.**.*.*..~...**.**~**~..*...~..**.** 
WA SI R %A LA F'S SH GO 80 lX LU IA RB IS AU PB BI TE 

60 62 66 67 69 02 64 67 89 71 73 76 n 79 82 83 90 92” 
. ..**.+*.."*......***.*..~.....****.**.*.~.*.~*..**..***~.~*.*.**...~..*.~.*.*.~...*.*.*....**...*~..**~.*******..**.*****.**....** 

2.6 48.14 46.86 46.86 44.10 46.70 43.06 41.70 39.34 38.48 37.44 38.73 38.12 34.80 34.3V 33.98 34.08 32.44 32.28 

2: 
61.44 49.07 49.06 49.37 48.98 46.26 44.84 41.46 41.60 40.64 3V.78 39.16 37.80 37.31 36.88 38.97 36.40 34.99 
63.78 61.31 61.28 61.42 61.18 48.62 47.08 44.71 43.88 42.79 42.01 41.36 40.01 39.48 39.02 39.11 37.41 36.98 

t:: 
66.40 62.89 62.86 63.19 62.91 60.14 48.89 44.34 46.61 44.44 43.56 43.00 41.46 41.10 40.61 40.70 3S.91 38.46 
65.62 63.99 63.94 64.29 64.06 61.30 49.86 47.63 45.72 46.46 44.86 44.21 41.87 42.31 41.79 41.88 40.02 39.66 

::i 
67.28 64.73 64.08 66.04 64.86 62.11 60.55 48.39 47.61 45.64 46.74 46.11 43.78 43.22 42.88 42.77 40.86 40.37 
67.77 66.22 66.17 66.63 66.38 62.47 61.23 49.00 48.24 47.18 45.39 46.75 44.46 43.89 43.33 43.42 41.45 10.98 

2: 
65.06 66.61 66.44 66.82 66.71 63.03 61.50 49.42 48.68 47.64 46.86 lb.23 44.94 44.37 43.80 43.89 41.91 41.41 

7:o 
68.18 66.46 66.40 66.94 66.88 63.24 61.82 49.49 48.97 47.94 47.14 48.64 46.28 44.72 44.13 44.22 42.22 41.72 
68.19 66.48 66.03 66.99 66.94 63.33 61.93 49.84 48.14 48.13 47.36 48.76 46.61 44.96 44.36 44.44 42.42 41.93 

2 
67.96 66.48 66.43 66.79 66.79 63.24 61.89 49.89 49.23 48.26 47.48 48.90 46.70 46.16 44.64 44.43 42.50 42.10 

1o:o 
67.48 66.06 66.00 66.34 66.41 62.96 61.41 49.49 49.07 48.12 47.37 48.81 46.86 46.12 44.60 44.69 42.66 42.06 
64.84 64.48 64.44 64.80 64.88 62.49 61.19 49.36 45.74 47.43 47.11 413.64 46.44 44.93 44.30 44.38 42.36 41.87 

:::: 
64.14 63.83 63.79 64.16 64.27 61.94 60.87 48.90 48.34 47.44 45.73 45.20 46.12 44.42 43.99 44.08 41.07 41.69 
66.42 63.13 63.10 63.46 63.69 61.33 60.09 48.39 47.86 48.98 48.29 46.78 44.71 44.26 43.41 43.70 41.71 41.24 

16.0 63.07 60.91 60.90 61.24 61.44 49.36 48.30 48.47 48.20 46.40 44.76 44.28 43.32 42.90 42.27 42.36 40.43 39.98 

it8 
49.33 47.37 47.37 47.70 47.94 48.09 46.08 43.74 43.36 42.46 42.07 41.88 40.81 40.46 39.86 39.92 38.13 37.72 
48.06 44.24 44.27 44.67 44.87 43.17 42.24 41.08 40.74 40.12 39.69 3.9.22 38.44 38.17 37.67 37.46 36.98 36.60 

E:: 
43.11 41.66 41.68 41.88 42.19 40.63 39.78 38.73 38.44 37.87 37.38 37.06 38.37 36.11 36.64 36.41 34.06 33.70 
40.78 39.21 39.24 39.64 S9.84 38.41 37.43 36.S8 36.42 36.90 36.44 36.14 34.61 34.29 33.74 33.81 32.34 32.01 

228 
38.66 37.18 37.24 37.61 37.83 38.48 36.76 34.87 34.64 34.16 33.73 33.46 32.87 32.87 32.16 32.22 30.82 30.62 
34.40 36.40 36.44 36.72 3V.06 34.77 34.09 33.27 33.06 32.81 32.22 31.96 31.41 31.24 Jo.73 30.80 29.47 29.18 

%a0 
36.46 33.81 33.88 34.13 34.44 33.26 32.41 31.86 31.44 31.24 30.84 30.41 30.10 29.96 19.46 29.63 28.27 27.99 

so:0 
33.68 32.41 32.48 32.72 33.04 31.90 31.29 30.68 30.40 3G.00 29.46 29.42 28.93 28.79 28.32 28.39 27.18 28.92 
32.34 31.16 31.21 31.46 31.77 30.68 SC.10 29.43 19.24 28.89 28.66 28.33 27.87 27.74 27.29 27.36 26.20 26.96 

FE:: 
31.17 30.00 30.07 30.30 30.42 29.67 19.02 28.39 28.23 27.88 -27.66 27.34 24.91 25.79 24.36 l5.41 26.30 26.08 
3G.GS 28.97 l9.04 19.26 29.67 28.67 28.04 77.44 27.29 25.96 25.44 26.44 l5.03 26.92 26.49 26.64 24.48 24.24 

g.g 28.19 17.16 27.22 27.43 17.74 26.81 16.31 26.77 26.V4 26.33 26.04 24.88 24.47 24.38 23.98 24.04 23.04 22.83 

100:o 
28.68 26.40 26.47 26.87 28.18 26.31 24.86 24.36 14.23 23.91 23.67 23.61 23.16 13.07 22.49 12.76 21.41 21.41 
26.20 24.27 24.36 24.63 24.83 24.01 X1.69 23.12 13.01 22.76 22.49 22.34 22.01 21.93 21.67 21.43 20.74 20.66 

160.0 
200.0 

20.40 19.00 19.73 lg.88 20.16 19.60 19.18 18.83 18.74 18.64 18.36 18.24 17.98 17.93 17.56 17.59 18.97 :4".:; 
17.68 14.96 18.04 17.08 17.32 14.77 15.60 16.93 18.17 14.01 16.84 16.74 16.63 16.48 16.26 16.29 16.08 

260.0 16.77 16.23 16.06 16.18 16.40 14.95 14.81 14.66 14.66 14.39 14.17 14.14 13.99 13.88 13.55 13.70 13.40 13117 

E::: 
14.48 13.SS 13.84 13.88 14.09 13.74 13.42 13.38 13.39 13.24 13.06 13.02 12.88 12.79 12.68 12.63 12.63 12.14 
13.63 13.07 12.92 12.97 13.16 1l.M 12.73 12.61 12.62 12.38 12.10 XI.18 12.06 ii.97 ii.78 11.81 11.72 11.36 

zk8 
12.78 12.34 12.21 12.26 12.44 12.14 12.03 11.83 11.84 It.71 11.64 il.62 11.40 11.32 Ii.16 11.18 11.09 10.74 
11.18 It.77 11.56 11.69 11.84 11.69 11.48 11.29 Ii.30 11.18 11.02 

600.0 
II.00 IO.88 10.81 10.54 IO.88 10.69 '$2 

11.70 11.30 11.19 11.01 il.39 il.14 11.02 IO.64 10.86 10.74 10.69 10.67 10.44 10.39 IO.23 10.28 10.18 . 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

211 
aAlOE II WITS OIr WSQ aI AT Ions 

86 

E/A BE 6c lG AL sx CA l-I CR FE II Gv GE SE SR za HO RH 
4 12 13 14 2Q 22 24 26 20 29 32 34 38 40 42 46 4;" 

.*+++~.**+I~***.*****.*~~****~**.************.***.*****‘**.***..**.*...*~*.*~.*~.****.******...*.*.****~*******************.....**.. 

E 6.330 6,889 6.060 6.792 6.631 9.439 9.467 6.610 8.360 9.308 11.027 9.@66 10.760 Il.606 11.310 12.621 11.710 13.066 12.140 13.637 12.410 13.902 13.290 14.886 13.740 16.423 14.305 16.049 14.620 16.288 14.763 16.691 16.196 17.241 16.690 17.667 
7.461 7.606 10.332 10.404 10.236 12.068 13.213 13.886 14.376 14.878 15.333 16.412 17.030 17.711 17.972 18.339 18.167 19.443 
8.019 8.206 11.218 11.336 11.166 13.084 14.399 16.129 16.666 16.166 18.728 17.898 18.691 19.324 19.604 20.031 21.016 21.266 
8.698 8.902 12.104 12.264 12.073 14.112 16.673 16.366 16.918 17.474 18.101 19.368 20.123 20.904 21.204 21.688 22.813 23.026 

6:0 FO 

9.189 9.699 12.993 13.187 12.992 16.129 16.743 17.677 18.173 18.763 19.463 20.804 21.638 22.466 22.783 23.321 24.676 24.769 

10.411 9.793 10.299 11.006 13.690 14.796 14.136 16.082 13.916 14.848 16.147 17.171 17.914 IS.069 18.796 20.019 19.426 20.679 20.026 21.299 20.818 22.173 22.243 23.679 23.143 24.646 24.016 26.661 24.360 26.911 24.940 26.662 28.316 26.040 26.495 28.211 
6.6 11.042 11.721 16.709 16.039 16.789 18.202 20.270 21.246 21.938 22.676 23.630 26.117 26.147 27.105 2?.470 28.161 29.766 29.923 
7.0 11.669 12.446 16.636 17.006 16.740 19.241 21.469 22.481 23.202 23.866 24.893 26.669 27.662 28.651 29.031 29.771 31.486 31.634 

1o:o x4 

13.03 13.92 18.62 18.98 18.67 21.36 23.87 24.98 26.76 26.44 27.64 29.46 30.68 31.76 32.17 33.00 34.89 36.06 

14.42 16.68 16.46 17.02 20.46 22.44 21.00 23.07 20.66 22.69 23.60 26.70 26.32 28.82 27.62 30.10 28.36 31.00 29.06 31.73 30.42 33.26 32.41 35.39 33.76 36.86 34.90 38.08 36.34 38.64 36.26 39.66 38.32 41.76 36.62 42.01 
11.0 17.40 18.64 24.48 26.19 24.77 27.94 31.38 32.74 33.69 34.44 36.13 38.43 40.01 41.31 41.80 42.91 46.28 46.66 
12.0 16.97 26.31 26.67 27.37 28.90 30.24 33.98 36.44 36.43 37.20 39.07 41.62 43.22 44.60 46.10 46.30 48.82 49.13 

ii.8 
26:0 

33.66 24.06 26.62 35.46 33.17 46.22 34.24 46.77 33.62 46.86 37.44 50.47 42.16 66.87 43.86 68.99 60.38 44.99 61.23 46.81 64.63 48.19 68.29 61.12 70.98 63.19 72.88 54.77 73.64 66.34 76.43 66.80 78.96 69.72 60.20 79.80 
44.60 46.62 58.66 60.62 69.36 64.76 72.98 75.61 77.14 78.01 82.29 88.92 90.25 92.48 93.20 96.61 99.67 100.68 

$1: 70.34 66.86 72.09 66.74 68.86 73.12 76.72 92.04 74.06 89.93 80.27 96.95 109.17 SO.43 112.56 93.39 114.86 96.26 115.48 96.11 101.44 121.93 106.97 128.41 110.98 133.13 113.48 136.90 136.77 114.29 139.94 117.03 121.69 144.98 123.41 147.37 

%:: 100:86 86 02 102'01 86 63 
118:60 

123'70 106 73 
142173 

128'12 109 62 
i47:82 

126 106.93 02 
144117 

133 114.77 68 
163:66 

160.37 129.17 164 133.00 66 
177150 

167 136.32 21 
180:28 

157'90 136 09 
l80:87 

166 143.71 76 
191:03 

176'27 151 19 
200:62 

181'61 166 66 
X7:66 

164 169.69 80 
SO.0 117.80 172.76 211:19 

186.76 160.60 189'81 164 21 195'77 169 72 199 172.72 42 
212.18 216:68 223:09 227142 

66.0 136.83 136.98 162.79 168.68 164.33 174.67 196.27 201.49 204.49 204.98 216.49 227.20 236.07 238.84 239.86 244.80 261.66 266.70 
t10.0 164.92 164.42 183.66 190.37 186.60 196.69 220.89 226.60 229.83 230.19 243.11 264.97 263.71 267.71 268.74 274.14 281.46 287.23 

EGl 176.0 196.1 173.6 194.1 206.9 228.9 213.2 236.9 207.6 230.7 219.7 243.6 273.4 246.6 252.8 280.1 266.3 283.7 256.6 283.8 270.9 299.7 283.9 314.0 293.6 324.8 329.0 297.8 298.6 330.0 304.7 336.4 312.4 344.6 319.0 351.9 

1oo:o if: 

241.3 237.3 277.7 287.3 279.6 294.3 330.0 337.7 341.8 341.6 380.6 377.6 390.0 394.8 395.8 403.1 412.2 421.2 

290.2 342.7 333.8 263.9 330.0 386.8 341.4 399.0 332.1 388.0 348.6 406.3 390.6 454.9 399.3 464.8 469.8 403.9 403.1 468.6 426.7 494.6 446.2 517.1 469.8 633.8 466.0 639.3 466.0 640.3 474.2 649.6 484.3 660.6 494.9 672.6 

160.0 666.1 628.2 711.9 736.6 714.4 742.4 829.1 845.1 862.2 847.6 894.4 932.9 962.0 968.9 969.4 983.6 1000.3 1021.6 
200.0 1041.8 988.2 1107.6 1144.0 1111.4 1149.0 1281.6 1304.6 1312.6 1303.4 1376.1 1422.1 1468.3 1484.9 1484.2 1604.2 1618.6 1667.6 
260.0 1491.0 1401.6 1660.2 1611.4 1666.4 1613.1 1797.8 1833.7 1837.2 1821.8 1922.0 1977.9 2043.2 2072.0 2069.2 2099.0 2105.7 2166.9 
300.0 1991.9 1860.9 2S161.8 2129.3 2074.7 2126.4 2368.6 2424.9 2416.2 2394.0 2626.4 2691.2 2677.4 2719.1 2713.6 2764.4 2762.3 2836.1 
360.0 2637.8 2360.2 XiO6.1 2691.3 3323.9 2682.7 2986.9 3067.1 3043.0 3013.1 3178.1 3264.8 3363.4 3418.4 3409.9 3462.3 2460.7 3667.5 

9::: 3123. 3744. 3460. 2894. 3188. 3803. 3292. 3927. 22:: ;27;. 3641. 4344. 3762. 4474. 3712. 4418. 3673. 4370. 3874. 4608. 3963. 4710. 4095. 4667. 4164. 4949. 4162. 4934. 4216. 5011. 4196. 4327. 

500.0 4396. 4062. 4448. 4693. 4481. 4662: 5074. 5230. 5167. 5099. 6377. 5491. 6674. 6771. 6762. 6842. %Z. . 66E: 

***+~*.*.t*+++++...***~****.*****.**...*.***..***.....**.*.*~***.*.*.******.**..**.~.*..**~*~*.****.**.**~*...***.**~*.~.*~.*.**~~.* 
E/A SI TE BA LA t4i sn CD HO RI LU TA Bs III AU PB BI In 

so 62 66 67 59 62 84 67 69 71 73 76 7-l 79 62 63 90 s2" 
.**...*.*."..l.~.*..~...*.........**..~***~*.*.****...**.***.**..*******.**.*.*****.*.~.*~**..~*~.......*****...*....*.....**~...*. 

$2 16.36 18.47 16.96 19.18 20.51 18.29 18.63 20.84 19.31 21.63 20.27 22.63 20.86 23.28 21.59 24.17 22.04 24.67 22.47 26.17 22.91 26.66 23.38 26.18 23.64 26.74 24.27 27.21 24.83 27.60 26.03 28.00 26.81 29.90 27.37 30.60 

2: 20.48 22.41 21.28 23.31 22.61 24.63 22.92 24.93 23.64 25.68 24.85 26.99 26.68 27.78 26.69 28.90 27.13 29.49 30.11 27.70 28.24 30.70 28.79 31.29 29.46 32.03 32.67 29.96 30.68 33.23 30.77 33.41 32.60 36.66 33.43 36.23 
4.6 24.29 26.26 26.61 26.90 27.83 29.07 29.92 31.16 31.78 32.46 33.06 33.71 34.63 36.10 35.79 36.96 33.23 38.93 

E:i 26.16 27.98 27.22 29.14 28.65 30.47 30.73 28.83 31.48 29.67 31.11 33.12 32.02 34.09 33.36 36.61 34.02 36.22 34.74 36.99 36.41 37.70 38.07 38.39 38.96 39.36 37.66 39.99 38.28 40.74 36.46 40.90 40.84 43.40 41.67 44.16 
ix 

7:o 

31.62 29.80 32.94 31.04 34.28 32.38 34.62 32.63 36.27 33.38 37.10 36.12 38.18 36.14 39.79 37.66 40.56 38.39 41.43 39.22 42.21 39.96 42.96 40.69 44.06 41.71 44.74 42.38 46.66 43.16 43.32 46.71 46.44 46.93 49.26 46.72 

33.43 34.83 36.17 36.40 37.16 39.08 40.21 41.91 42.70 43.62 44.44 46.22 46.38 47.10 47.94 48.09 60.93 51.78 

8.0 37.06 38.63 39.97 40.17 40.93 43.04 44.27 46.13 46.99 48.00 48.89 49.73 61.00 61.78 62.68 62.83 66.89 58.60 

2.: 
11:o 

40.72 44.41 42.46 46.30 43.79 47.66 43.97 47.80 44.73 46.65 47.01 61.01 46.36 62.46 50.37 54.63 51.28 66.60 62.38 66.77 63.33 67.80 58.76 64.23 60.26 66.62 61.14 66.46 62.17 67.42 62.30 67.66 60.84 66.61 61.81 66.84 
48.14 60.19 61.66 61.67 62.42 66.06 56.60 68.93 69.94 61.20 62.30 63.29 64.91 66.86 68.96 87.07 70.81 71.89 

12.0 61.92 64.14 66.49 56.69 60.33 69.14 60.78 63.26 64.33 66.67 66.83 67.08 69.61 70.60 71.77 71.88 76.86 76.99 

16.0 63.69 68.31 67.67 67.69 68.38 71.72 73.66 76.68 77.79 79.37 80.73 81.94 83.98 86.12 86.60 86.68 91.25 92.67 
it: 166.37 64.22 110'86 87 80 

136:48 

112'21 89 16 

136:82 

111'93 89 04 

136:36 

112 89.03 36 

136:65 

117 93.84 61 

142172 

120 96.30 50 

146:26 

124 99.93 83 

161:30 

101.36 126 48 

163:lS 

103.36 128 86 

166:94 

106 130'91 06 

168:36 

106 132'61 50 

160:29 

109 136'70 07 

163:92 

110 137'29 44 

166:72 

112.21 139 49 

166:37 

112 139'46 24 

30.0 130.03 168:28 

118 146'61 12 

176177 

119 148'64 74 

179:Ol 
35.0 166.17 161.64 162.94 162.31 162.39 169.43 173.53 179.30 181.36 184.67 167.34 189.64 193.72 196.72 198.86 198.70 206.68 211.16 

22 181.8 209.7 189.3 218.4 219.6 190.6 189.7 218.6 189.6 218.1 197.6 227.3 202.3 232.6 239.8 208.8 211.1 241.3 214.7 246.3 217.9 249.9 220.3 262.6 226.1 267.9 227.2 260.3 230.9 264.6 230.7 264.2 242.0 277.0 244.9 260.3 

60:o Eii 
239.1 248.9 260.0 248.6 248.1 266.3 264.2 272.2 274.9 279.4 283.3 286.3 292.2 294.8 299.6 299.2 313.6 317.2 
301.7 269.8 314.0 280.7 316.0 281.9 313.3 280.4 311.9 279.4 324.4 296.7 331.6 297.2 341.2 306.0 308.9 344.3 313.9 349.7 364.6 318.2 358.1 321.6 366.2 328.0 368.1 330.7 336.1 374.0 373.6 336.6 391.2 361.7 395.6 366.6 

66.0 334.9 348.6 349.4 347.4 345.8 369.6 367.3 377.7 381.0 386.9 392.1 396.0 403.7 406.8 413.4 412.7 432.2 437.0 
70.0 J09.4 384.3 366.2 382.9 380.8 396.8 404.3 416.6 419.0 426.4 431.1 436.2 443.6 446.8 464.1 463.4 474.6 479.7 

1oo:o it: 

441.9 469.6 460.3 467.4 464.6 472.1 482.1 494.9 498.8 606.2 512.8 617.6 627.2 630.8 539.6 638.6 569.6 

600.6 619.0 

563.5 

624.3 639.7 624.6 640.1 620.5 636.7 616.7 632.9 638.8 663.1 651.6 664.6 668.2 679.2 583.6 672.9 682.4 591.9 691.0 599.6 644.9 697.0 616.9 709.4 619.8 713.7 630.0 725.4 628.6 724.0 667.7 766.9 684.6 764.7 

160.0 1070. 1111. 1110. 1102. 1091. 1130. 1162. 1178. 1185. 1200. 1214. 1224. 1244. 1250. 1270. 1324. 1336. 

:s.i 1630. E? ::2 1677. 1669. 1716. 1748. 2426. 1784. 1793. 
3oo:o ZE 3576: 3086: % 24% 

1616. 2512. 2643. 1836. :t:X. 
3337: 

2696. 1878. 1886. 208. 2660. 1916. 2643. :fG: 2719. 1980. 2013. 2776. 
3278* 3383. 3401. 3466. 3447. 3528. 3612. 

360.0 3720: 3868. 3876. 2% . 4047: 4066: 4103. ET , 4176. 4231. 4266. 4324. 4312. 4400. 4512. 

400.0 s;. %2 4716. 4689. 
2%:: 6263: 6480: it!g: ii;:: 

f-36:: 4760. 4826. 4916. 4923. 4980. 5047. 5W8. 6132. 6163. 6230. 6326. 6467. 
ao3. 6678. 6649. 6661. 6723. 6783. 6828. 6789. 6838. 6866. 6903. 6960. 6963. ZE: F%: tz: 

15;;;. 
7227: 6197. 7206. 6300. 6471. 

7317. 7619. 

177 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

WA 
. . . ...* 

:.: 
3:6 
t:: 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELEcTROIIC STOPPIlG POWER II UIITS OF x6v/m/sQ cl0 

AL SI Cl 
13 14 20 

~.+..*++**~****++**+1 
109.6 110.3 
112.7 113.1 12~ 
114.2 116.6 103.2 
114.1 116.2 104.4 
114.6 116.2 104.8 

SR 
38 

1.***.*, 
69.0 
62.7 

2s NO RR 
40 42 46 41" 

~*****+**L.+***l+**.****.** 
XX 66.9 69.6 x 

se:6 

66.4 61.9 

68.6 z*: 
69.9 eO:7 

ii:: 179.2 176.3 162.8 161.8 118.6 119.6 114.1 113.2 116.7 116.0 104.8 104.6 91.1 87.4 86.1 70.6 91.6 

Z-E 
171.4 160.3 117.4 112.2 II4.0 103.9 S-8 . fix 

86.1 
ES 78.6 78.7 73.9 74.2 

74.2 5?Fi 

z:: 67 88:2 8 Z8 

z-‘: 

710 167.9 183.9 148.6 149.7 116.1 I14.8 111.0 109.8 112.9 iii.7 103.1 102.3 2: iz:: .E: 8411 tz.: 8311 

;t:i 

78.2 73.0 74.1 70.8 7110 EC: 98:s E: &3:3 zz.2 es:2 
82:3 
62.3 

7213 
i?: E: 

ii:: 

Et etl,:l 64:s 

Ei 86.1 69.8 i% 61.8 

68:l i?t 

ix 

66.4 
EE 49:4 

62:6 

E:: 

61:6 

62.7 66.7 

49.1 
64.1 61.7 
60.8 49.6 4710 48.4 ifi. . i: z?z . EC: 

iE 66.66 70.62 71.87 67.26 61.64 68.07 69.61 66.09 61.20 67.70 66.23 68.46 49.28 62.11 61.00 48.26 47.78 60.46 47.96 60.60 46.38 47.88 46.80 43.44 44.37 42.10 43.89 41.69 43.81 41.63 43.04 40.92 42.26 40.23 41.24 39.26 
60.0 61.64 93.32 64.98 63.12 64.67 62.42 46.81 46.88 46.44 46.63 43.19 41.37 40.10 39.74 39.70 39.06 38.42 37.49 

$2 68.01 64.04 69.91 60.92 62.27 49.88 60.63 48.23 49.66 62.01 49.96 47.76 44.94 42.71 43.77 41.89 43.37 41.63 43.68 41.76 41.26 39.63 39.63 37.90 38.33 36.76 38.02 38.47 37.99 36.46 37.39 36.90 36.81 36.38 36.92 34.61 

%: 

so:0 

49.86 62.26 61.94 64.29 47.76 46.86 44.36 40.19 47.67 46.69 44.04 46.80 40.98 39.42 40.21 38.70 39.88 38.39 40.10 38.62 37.99 39.69 39.42 36.09 36.33 34.04 36.08 33.82 36.07 33.82 34.66 33.33 32.86 34.06 32.09 33.24 

46.81 47.93 42.66 41.19 42.44 40.99 3'3.72 36.07 36.80 38.04 34.16 32.77 31.81 31.62 31.63 31.20 30.78 30.07 
90.0 42.49 44.63 3S.82 38.66 39.73 38.43 34.46 33.86 33.63 33.87 32.10 30.81 29.92 29.77 29.78 29.39 29.01 28.36 

100.0 39.73 41.89 37.60 36.32 37.43 39.26 32.62 31.98 31.77 32.01 30.36 29.16 28.30 28.18 28.20 27.84 27.48 26.89 

160.0 30.70 32.71 29.68 28.77 29.66 20.86 26.94 26.64 26.42 26.66 24.36 23.41 22.74 22.69 22.72 22.47 22.19 21.78 
200.0 26.64 27.79 26.33 24.62 26.13 24.67 22.16 21.76 21.81 22.06 20.90 20.66 19.87 19.46 19.61 19.26 19.44 18.76 

ZE 
360:0 

22.66 20.68 24.66 22.47 22.66 20.69 21.84 19.94 22.34 20.41 22.02 20.14 19.79 18.11 19.21 17.43 19.60 17.86 19.73 18.08 18.71 17.16 18.41 16.87 17.80 16.31 17.43 16.00 17.60 16.06 17.20 16.80 17.44 16.01 16.84 16.48 
19.06 20.86 19.14 18.63 18.97 18.73 16.86 16.24 16.63 16.84 16.98 16.71 16.20 14.92 14.98 14.74 14.94 14.46 

400.0 17.88 19.61 18.01 17.44 17.86 17.66 16.88 16.32 16.68 16.89 16.07 14.62 14.34 14.08 14.16 13.92 14.10 13.66 

L%::: ;837 la.62 17.83 17.12 16.39 16.68 16.87 16.98 16.27 16.76 16.08 16.11 14.48 14.69 14.00 14.93 14.31 16.12 14.61 14.36 13.77 14.10 13.63 13.66 13.10 13.41 12.87 13.48 12.94 12.73 13.27 13.44 12.90 13.01 12.49 

*1*...*.*.....***...*....*****~*~..*..*.*.**...*****~*..****.~......~*..**..*...***.*.*..**~.*.****.*..~****.*****.**.******...*..~* 
E/A SI T6 M LA Pa SN GD HO m  LU TA RE In AU Pa BI IN 

60 62 66 67 69 62 a4 67 69 71 73 76 77 79 82 83 90 92" 
.1~..*..*.*....**.*..*.*~**.***.~****.~****.**~*****.*****~**.*.*...*.****~..*.*..**...*****..*.**.***.*.****.**~*~**.***.*.*~**.*~* 

3:s :.: 

48.43 49.13 46.13 46.44 46.98 43.31 41.96 39.68 38.71 37.68 39.96 39.33 36.01 34.66 34.18 34.27 32.86 32.47 

61.83 64.21 49.42 61.72 49.39 61.68 49.72 62.02 49.32 61.68 40.67 48.90 46.18 47.46 42.76 46.06 41.89 44.20 40.83 43.12 40.06 42.33 39.42 41.69 40.32 38.07 37.67 39.79 
37.14 37.23 36.64 36.23 
39.32 39.41 37.70 37.26 

2: 66.88 67.04 63.34 64.48 63.30 64.43 63.66 64.78 63.39 64.64 60.67 61.76 49.11 60.30 49.73 47.96 47.14 46.90 44.81 48.06 44.01 46.26 43.36 44.61 42.00 43.26 41.46 42.69 40.96 42.I7 41.04 42.26 39.24 40.38 38.77 39.91 

i:: 
E. 
710 

E 
1o:o 
11.0 
12.0 

67.83 
68.36 
69.66 
68.81 
68.63 

68.62 
68.17 

z*ix 
se:16 

16.0 63.81 

%:8 
60.07 
46.78 

El . i?t; 

31.76 

39 
27:ll 
26.70 

160.0 

%4 
3oo:o 
360.0 

63.83 

61.62 

z-xi 
42122 
39.87 

66.21 
66.72 

.z% 
66:24 

69.07 
66.67 
66.12 

X+ 
61.61 

66.67 66.37 

20.67 
17.69 

::-I; 
13:rs 

12.72 

22 

62.61 61.16 
63.19 61.74 

OX% 
63:92 

i-3:: 
62:60 

3S.36 

48.86 
49.49 
49.93 
60.22 
60.39 

~Z~ 
49:96 
49.62 
49.01 

47.31 
44.39 
41.72 
39.38 
37.29 

36.47 

19.23 
16.68 
14.aS 

:::Fi 

48.06 46.98 46.18 
48.71 47.66 46.86 
49.I8 48.13 47.33 
49.49 48.46 47.66 
49.68 48.86 47.87 

49.79 48.80 48.03 
49.66 48.69 47.94 
49.36 48.42 47.68 
48.96 48.04 47.32 
48.47 47.69 49.89 

KG 
41138 
39.06 
37.03 

49.02 

EZt 
38.48 
36.49 

46.37 
42.69 

~% 
36:04 

46.63 
46.21 

xl 
47126 

44.89 
42.27 
39.83 
37.66 
36.73 

36.23 34.74 34.31 34.02 
33.64 33.18 32.78 32.61 
32.22 31.79 31.41 31.16 
30.96 30.66 30.18 29.96 
29.80 2S9.42 2S.07 28.86 

28.76 28.39 28.06 17.86 
l-r.81 27.49 21.14 26.94 
26.i3 26.82 26.62 26.34 
24.71 24.41 24.14 23.97 
23.4? 23.20 22.94 22.78 

19.16 

:x 
13169 
12.80 

12.11 
11.66 
11 .lO 

18.94 
16.36 

2% 
12:tlS 

11.98 

:::2 

18.74 
16.18 
Il.48 
13.34 
I2.48 

11.81 

:::23 

18.62 

:3-s 
13:31 
12.46 

46.22 

Z% 
46:68 
46.30 

ix: 
39:oe 
39.96 
36.08 

3: 
30:04 
29.46 
26.38 

27.41 
26.61 
24.94 
23.60 
22.44 

2:: 
44183 
46.19 
46.43 

27.19 
26.41 

%% 
22:37 

E.33 
30:06 

~:~ 

::.'9; 
lo:60 

40.76 

‘4z: 
42138 
42.11 
41.77 

40.98 40.62 
$3; 

34169 

g.;; 

34114 
32.87 32.64 

26.77 26.63 
24.94 24.71 
23.48 23.27 
:;.g g.cg 

yg 

13190 

gag 

13146 
I2.8I 12.41 
Il.99 11.62 

11.34 11.00 
10.83 10.61 
10.41 10.11 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

211 
MICE 11 UIITS OF ffi/SP Ql RI 109.5 

86 

E/A BE Ki AL SI CA TI CR FE 11 W CC SF, SR 2B Ho 
4 SC 12 13 14 20 22 24 

BE 
26 28 29 32 34 38 w 42 46 4:" ..*.**.*.+*.t.t*...****.*~*****..**.*.**...*.**.*****.*.******.***.**..*.*..****.*******..*.*.******.***..~*...**.~.*..*...~*...**** 

2.6 0.270 6.990 8.462 8.430 8.280 9.866 10.660 11.198 11.690 12.020 12.290 13.170 13.620 14.180 
3.0 8.823 13.727 9.362 9.378 8.220 10.928 11.897 

14.390 
12.499 12.838 13.407 

14.617 16.062 16.440 
13.771 14.764 

7.377 
16.291 16.011 

3.6 7.436 10.308 10.140 11.960 
16.146 

10.236 13.094 13.766 14.236 14.737 
16.443 17.084 17.404 

16.191 16.260 16.886 17.661 
44:: 7.939 8.610 6.129 8.818 11.113 11.990 11.229 12.148 11.868 11.060 12.976 13.966 

17.817 
14.268 16.431 14.966 16.201 16.603 

la.178 18.986 lS.Zbo 
16.033 16.673 17.741 18.433 19.169 19.436 lg.866 

16.764 17.310 17.934 
2Q.626 21.063 

19.188 19.961 20.726 21.020 21.497 22.610 22.817 

i?: 9.093 9.688 10.200 9.607 12.870 13.766 13.071 13.999 13.781 12.887 14.991 16.999 16.689 17.748 17.409 18.616 19.236 17.996 18.676 19.836 19.282 20.623 20.620 21.461 22.272 22.684 23.116 24.366 24.644 
22.044 

6.0 10.297 10.698 14.661 14.936 
22.S41 23.807 24.136 24.718 2S.078 2S.264 

14.703 17.011 18.909 19.826 20.476 21.096 21.964 23.466 24.427 
6.6 10.919 11.604 16.664 

26.336 26.680 28.314 27.786 27.962 
16.880 16.632 18.030 20.077 21.036 2l.720 22.367 23.306 24.888 20.864 

7.0 11.666 16.671 
26.913 27.223 27.906 29.482 29.646 

12.319 16.468 16.636 19.067 21.262 22.269 22.971 23.623 24.663 2S.314 27.401 28.393 28.767 29.498 31.174 31.338 

1o:o t*: 
12.87 13.78 18.33 18.78 18.48 21.14 23.63 24.73 26.60 26.18 27.37 29.19 31.47 
14.26 16.68 16.28 16.83 20.24 22.20 22.82 20.77 

30.40 31.87 32.69 
20.44 22.44 

34.66 34.73 
23.28 26.43 26.06 28.62 27.23 29.79 30.97 28.06 31.40 28.77 30.12 32.91 32.09 36.04 33.42 34.67 37.71 36.00 36.91 37.96 38.16 

17.17 
38.49 38.17 

11.0 18.42 24.21 24.91 
39.17 41.37 41.69 

24.49 27.66 31.04 32.39 33.32 34.08 36.76 38.04 39.61 40.90 41.38 
12.0 18.72 20.07 a.27 27.06 

42.47 44.82 
266.60 

46.09 
29.91 33.62 36.06 313.03 36.80 38.66 41.09 42.78 44.14 44.64 46.82 48.31 48.62 

16.0 23.71 26.29 32.77 33.83 33.22 37.01 41.66 43.34 44.47 46.29 47.66 60.66 62.61 64.17 64.74 66.18 69.07 
20.0 33.14 34.97 44.64 48.17 46.26 

69.66 
49.84 68.17 68.26 69.63 SO.49 S3.76 87.47 70.14 72.02 72.B8 

26.0 43.89 67.76 69.79 
74.64 78.02 78.66 

46.84 68.64 63.91 72.02 74.62 76.13 77.W 81.23 86.81 91.30 
30.0 66.90 67.84 72.07 74.64 

89.11 92.03 94.32 
73.00 79.16 

98.33 99.82 
89.19 92.11 93.96 99.80 100.07 106.64 

36.0 
109.61 111.98 112.78 

69.13 70.94 87.63 90.67 88.61 
116.49 i20.00 121.79 

96.66 107.82 110.98 113.03 113.86 120.21 126.62 131.29 134.04 134.89 138.03 143.01 146.36 

40.0 83.62 86.11 104.11 107.84 106.31 113.07 127.26 131.04 133.34 134.11 141.63 149.02 164.41 167.42 
46.0 

168.33 161.89 
99.04 100.29 121.76 126.12 123.07 131.66 

167.33 170.28 
148.09 162.32 164.84 166.64 164.27 172.68 178.64 182.09 

60.0 116.66 111.47 146.46 
183.04 187.04 192.92 196.62 

140.43 141.86 161.26 170.07 174.76 177.49 178.10 188.11 197.68 204.62 208.02 
66.0 133.31 

209.00 
133.61 160.12 166.83 161.66 171.89 

213.44 219.77 224.03 
193.16 198.30 Ml.27 201.77 213.11 223.67 231.44 236.17 236.18 

60.0 162.01 161.68 180.79 187.21 
241.06 247.83 262.79 

182.42 193.60 217.32 222.96 226.14 228.61 239.24 260.94 269.66 263.62 264.64 269.88 277.08 282.76 

86.0 171.7 170.7 202.4 209.6 204.1 218.1 242.6 248.7 262.1 262.3 266.6 279.3 288.8 293.0 
70.0 

294.1 
192.4 190.6 226.0 232.9 228.8 

299.8 307.6 313.9 
239.6 268.8 276.4 279.0 279.1 294.8 308.9 319.3 323.7 

2: 284.6 236.6 278.6 232.9 336.3 282.3 326.2 274.7 
324.7 330.9 

324.1 272.8 342.6 289.3 
339.0 346.2 

324.3 383.7 331.9 392.4 336.0 396.9 396.2 336.7 418.3 364.6 371.1 383.4 388.2 389.3 390.4 406.4 414.2 
437.6 461.9 467.0 468.0 

100.0 336.9 327.4 378.7 391.7 380.9 
466.1 476.1 

399.0 446.8 466.6 
486.6 

461.4 460.3 486.9 608.0 624.6 629.9 630.9 639.9 660.9 662.9 

160.0 841.6 616.6 698.1 721.3 700.7 728.3 813.4 829.1 838.1 831.7 877.6 
1019.7 

916.4 944.0 960.9 
200.0 

961.3 986.3 
SST.8 1089.0 1121.1 1089.2 

Sal.7 1002.6 
1126.3 1266.2 1278.9 1287.0 1277.9 1348.2 1394.4 1439.7 1466.0 

260.0 1468.9 1372.2 1628.2 1678.4 
1466.4 1476.0 

1636.3 1680.4 1761.4 17SS.8 
1489.2 1627.6 

1800.1 1786.1 1883.3 1938.2 
300.0 1948.8 1821.4 

2002.2 2030.6 2027.8 
2018.7 2084.9 2031.6 2374.9 

2067.1 2OS3.8 2122.8 
2082.4 2319.7 2366.6 2344.8 2473.6 

360.0 2482.2 
2638.2 2022.6 2063.6 21368.3 

2309.6 2661.0 2634.4 2668.6 
2898.3 2896.3 2777.6 

2626.4 2924.3 3003.0 2979.6 2960.3 3111.9 3187.1 3293.6 3347.6 3339.2 3390.6 3379.4 3484.0 

400.0 3064. 2832. 3120. 3222. 3142. 3207. 3670. 3673. 3833. 3698. 3792. 4009. 4076. 4066. 

460.0 3661. 3384. 

ii::. 4128. 4107. 4238. 

3721. 3843. 3749. 3821. 4261. 4379. 4324. 4277. 4610. 600.0 4298. 3984. 4361. 4494. 4384. 
4874. 6028. 

4463. 4966. 6118. 6046. 4990. 6261. 6374: ;t;l!:: ii::: %: %: 6S76. 6867. 

**..*.........*.*~.....*..**..**~**..~.**.*.......~.......**~*~***.**...*~.*..****...**~****.**.*.**.*.*..~**.....*.**.**...*..***** 
E/A SM TFi BA u PR SH CD HO RI LU TA aE IB AU 

60 
PB BI 

62 66 67 69 
T&l 

62 64 87 89 71 73 76 i-l 79 82 83 93 S2" .I.~...+*."..*.LL..***..*........~****.~*.****.*~.******..*.~***.**...***..**.~******~.*****..*.**~..**.*..*.....~**.**~....*.***.. 
2: 18.30 16.20 19.00 16.80 18.11 20.32 18.46 20.64 21.33 19.12 20.08 22.42 20.66 23.07 21.39 23.96 24.44 21.83 22.26 24.94 22.69 23.16 23.62 24.04 24.69 24.79 28.63 27.09 

26.43 
E 20.29 22.20 

26.94 26.60 28.96 27.64 
21.09 23.09 22.40 24.41 22.71 24.71 23.42 26.43 

27.74 29.61 
24.63 26.76 

30.20 
26.34 27.63 28.64 26.36 26.89 29.23 27.46 27.98 28.63 29.19 29.69 30.30 30.49 32.48 33.11 

4:6 30.43 24.07 29.84 32.16 31.01 31.76 32.28 26.06 2f3.37 27.38 32.93 16.66 28.61 33.11 36.22 36.88 29.66 30.87 31.49 
32.79 33.41 34.22 34.79 36.46 36.84 37.87 38.66 

6.0 26.91 26.97 28.29 28.66 29.30 30.83 31.73 33.06 33.71 34.43 36.09 36.76 
2: 
6:6 

27.72 2S.63 
36.83 37.23 37.94 

28.87 30.76 30.19 32.08 30.46 32.33 31.19 33.07 
36.11 

32.82 34.80 33.78 36.81 
40.46 41.18 

36.19 37.31 36.89 38.04 30.66 38.86 37.36 38.06 39.00 39.63 40.37 40.63 42.99 43.74 
39.60 40.32 41.34 41.99 31.32 32.63 33.96 34.20 54.94 3S.76 42.76 42.92 46.60 37.83 

39.42 40.18 41.06 
46.28 

41.82 7.0 42.67 33.11 34.61 43.66 44.34 46.14 36.84 38.06 36.81 38.72 46.29 47.98 39.84 41.62 42.31 48.79 
43.22 44.03 44.81 46.96 46.67 47.60 47.66 60.46 61.29 

8.0 38.71 38.26 39.69 39.79 40.64 42.63 43.86 46.70 48.66 47.66 48.43 9.0 40.32 49.26 42.03 43.37 43.64 44.29 60.63 61.30 62.19 46.66 47.89 62.33 66.36 49.89 60.79 61.87 66.26 
62.82 10.0 43.96 63.71 46.84 47.18 47.33 48.07 66.09 66.92 66.87 60.61 67.00 61.94 64.10 66.06 SO.26 61.21 

66.22 11.0 47.66 67.24 68.18 49.68 61.16 69.67 SO.64 61.03 61.89 61.67 64.61 68.03 68.34 69.34 01.69 66.16 
60.69 

66.17 
12.0 81.88 62.67 61.38 63.68 64.92 66.02 66.76 64.27 66.20 66.29 68.64 80.17 OS.40 70.10 

62.62 63.68 66.01 
71.17 

68.16 67.20 68.91 69.89 71.04 71.16 76.07 76.20 

16.0 62.90 66.69 66.93 00.96 67.66 70.96 72.87 76.76 76.96 78.62 79.88 20.0 83.23 8S.77 81.07 83.09 84.22 88.12 88.00 98.69 92.78 86.69 96.19 86.0 90.28 98.79 100.20 91.68 
102.16 26.0 106.04 103.86 109.48 106.28 107.83 109.18 110.83 110.66 111.00 116.07 110.93 119.02 123.31 127.30 110.96 llS.77 118.36 

30.0 128.33 133.72 124.94 136.04 129.32 131.00 134.60 134.88 134.06 136.64 140.88 144.37 137.80 137.77 143.36 161.19 163.96 144.84 146.73 
36.0 163.06 166.33 169.44 190.74 168.26 161.86 160.12 160.20 167.17 163.62 160.24 171.21 176.91 178.94 166.16 174.62 176.74 

182.12 104.86 187.03 191.16 193.13 196.22 196.07 206.82 208.38 

Ti:: 179.2 206.7 188.6 216.2 216.4 187.9 216.4 187.1 216.0 186.9 194.9 199.6 206.9 208.2 211.8 214.9 217.3 222.0 
224.0 

224.1 227.7 
229.2 236.4 238.8 

227.6 238.7 241.6 
242.8 

so:0 it.: 

236.6 246.3 246.2 246.4 246.1 249.0 264.3 266.6 244.4 264.6 280.7 260.3 268.2 270.9 290.6 273.1 276.3 276.3 

2t36.7 297.0 
279.2 

308.1 276.6 310.1 277.8 276.1 306.4 
282.2 

307.1 276.2 
268.0 290.6 

286.3 319.6 292.8 326.6 301.6 
296.2 

304.3 309.2 
294.8 309.1 312.8 

313.6 316.7 323.1 326.8 331.1 
336.0 339.0 

330.7 
344.4 

346.6 360.4 
349.1 362.6 369.6 362.6 358.4 J87.8 386.3 389.8 

86.0 329.7 343.0 344.0 342.0 340.4 363.9 361.6 371.8 70.0 376.1 380.9 3S3.6 378.1 386.1 389.9 379.0 376.8 374.8 397.6 400.6 389.6 407.0 
3S7.9 409.0 412.4 410.7 

406.4 426.6 430.2 

100: ii.: 0 

434.8 462.0 447.1 424.3 428.4 462.7 449.9 436.6 439.8 464.4 474.2 447.0 486.9 490.7 498.0 
604.6 

4413.3 Mt.2 472.2 

610.3 690.2 613.6 630.6 809.8 627.7 
609.2 

613.8 631.1 606.2 624.0 
618.7 622.2 

627.9 643.9 666.2 6S9.6 673.8 
630.8 

682.1 
629.9 

689.6 
664.4 6SG.3 

694.9 806.7 
S40.7 

609.6 
666.8 941.6 

619.6 
870.8 

618.4 
679.3 686.2 SST.4 

%+3.$ 663.6 
701.6 713.1 711.7 744.2 761.8 

160.0 1060. 1091. ::i;. 1082. 1071. 1109. 1131. 200.0 1163. 1699. :E* 1x7s. 1201. 1221. 1227. 
23OS: 

1646. g. go;. 
1714. 260.0 1769. 2221. 1780. 2268. 

y:. 
1814. 

1312. 
1842. 1860. 

1::: 3(143. 2906. 5013: 3777. 3722. 2964: 3068: 3836. ;%: 2434. 2463. F%. . Z%: 
2492: 

2608. 2646. 

:::i. 
1976. 

2667. 3176. 3212. 

y;: y:. yt. 

3333. 2666: 3467. 2722. 

3890. 3964: 3973. 4019. . 4168. 4310. Et . 

400.0 4428. 46g1. 4630. 4661. 4724. 2:::: 
4821. 

6120. 6266. E- 8342: 8386: i%:- 2 6267. 6379. 
4g42- 49S2. 

6438. 6630. 6602. $8;. 

9839: g67::: 

‘E 

6721: 

6aL7. 

ZP 

ZE 
606b- 

6122. 6216. 6364. 

. 6620. 

EE. 

13813. . 6919: tee* . 7074: %3: E. . EX. . 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

221 
ELECTROIIC STOPPISG POWER II UIITS OF ISW/tHG/SG CX) Pa IOlS 

87 

2.6 192.3 139.Q 116.3 110.3 111.2 193.1 141.7 119.6 113.6 114.7 lo?:: 
191.0 162.1 121.1 116.3 116.6 104.1 

6.0 181.7 164.6 120.8 116.3 117.0 106.9 92.1 74.7 61.6 82.0 
6.6 177.8 163.6 119.9 114.6 116.3 106.6 

8-Z 
7:o 

173.9 170.1 162.1 160.4 117.6 118.8 113.6 112.4 116.3 114.3 106.0 104.3 91:1 E.8 

S:i Et 

79:6 79.3 

E:B 5% %Z 

.F: 
%7:2 

ES E!Fx s9:1 89.1 

27 

iit.: tf*: 62:s z*t ' 
100.4 148.6 lib.2 111.1 113.1 103.6 90.6 79.0 71:s %@:'I 69.0 66:9 63.1 z:: 

8.0 169.3 144.6 113.4 108.6 110.6 89.0 84.0 BJ.1 
9.0 162.7 140.3 110.6 106.9 108.0 

IO&.; 
. 

2: 
82.6 

10.0 148.7 CM.2 107.7 103.3 106.4 :z . 

:::: 136.0 141.1 132.2 128.4 106.0 102.4 IO&X . f$.; . ES 93:4 ii:: E-i 7917 

%I.2 ii.: . 

Ez . R: 

16.0 122.8 118.1 A:: 73.9 Et 69 4 
63'8 

2:: 63.7 62.4 62.1 80.6 68.6 67.6 
67.6 

6214 6S:O 
E: 67.7 67.4 66.1 

iti 
62.3 ix -tit; 

66:3 
:i-: 
64:6 Ei ::.: . 

.Ei 
4913 

5o:a iii?: 
47.8 4712 

-22: 
4711 is 

4810 
46.3 it:: 

40.0 71.92 73.24 62.76 60.68 62.29 69.4% 63.03 61.89 61.33 61.4% 48.71 46.69 46.13 44.66 44.67 43.7% 42.9% 41.94 
46.0 68.9% 08.66 69.13 67.11 66.76 M1.22 60.17 49.13 48.63 48.80 QB.19 44.21 42.84 42.42 42.36 41.64 40.93 39.93 

.FE %2.%0 69.20 61.09 BP.66 66.00 63.26 64.11 61.47 66.6% 62.99 63.3% 50.8% 47.67 46.47 44.67 48.71 49.26 44.17 46.46 44.37 43.97 42.02 42.11 40.26 39.03 40.82 40.46 38.71 40.41 38.6% 39.76 38.06 39.11 37.4% 38.16 3Q.67 
60.0 66.0% 68.06 60.83 49.16 60.61 48.66 43.61 42.6% 42.30 42.62 40.27 38.60 37.43 37.14 37.12 38.66 38.01 36.16 

%: 63.33 60.90 66.36 62.99 48.6% 40.74 46.21 47.0% QB.67 48.4% 46.67 44.8% 41.76 40.17 40.97 39.44 40.63 39.12 40.86 39.36 38.70 37.2% 37.11 36.76 36.99 34.69 36.74 34.46 36.72 34.46 36.19 33.96 34.0% 33.4% 33.86 32.69 
80.0 46.77 4%.92 43.40 42.00 43.2% 41.79 37.43 38.77 J6.60 38.74 34.81 33.41 32.42 32.23 32.24 31.80 31.36 30.66 
90.0 43.40 46.66 40.62 39.33 40.62 39.19 36.13 34.63 34,29 34.64 32.73 31.43 30.60 30.36 30.37 29.96 29.67 28.91 

100.0 40.68 42.74 38.26 37.06 38.19 36.9% 33.17 32.62 32.41 32.66 30.96 29.73 28.86 28.73 28.76 28.39 28.02 27.42 

160.0 31.3% 33.41 30.30 29.3% 30.2% 29.46 26.49 28.08 26.96 26.20 24.86 23.90 23.22 23.16 23.19 22.94 22.66 22.23 
200.0 zB.22 28.39 26.8% 26.06 26.67 26.20 22.64 22.22 22.27 22.62 21.34 20.30 19.86 19.93 19.66 19.86 19.16 
260.0 23.17 26.21 23.06 22.32 22.63 22.60 20.23 19.63 19.93 20.16 19.11 

$'3~ 
18.18 17.81 17.88 17.68 17.82 17.21 

300.0 21.06 22.97 21.06 20.39 20.86 20.68 18.61 17.81 18.26 18.48 17.62 17124 16.87 16.36 16.42 16.16 18.3% 16.82 
360.0 19.49 2i.32 19.67 IS.96 IS.40 19.16 17.23 16.W 17.00 17.22 I%.33 16.06 16.64 16.26 16.32 16.07 16.27 14.77 

%:8 18.29 17.36 20.06 19.06 18.42 17.61 17.84 16.96 IS.26 17.37 18.04 IT.16 16.24 16.46 16.66 14.92 18.03 16.26 16.24 16.47 16.41 14.68 16.16 14.42 14.66 13.96 14.40 13.72 14.46 13.78 14.23 13.66 14.42 13.74 13.96 13.30 
600.0 16.69 18.24 16.77 16.24 16.64 16.46 14.81 14.31 14.64 14.84 14.08 13.83 13.39 13.18 13.23 13.02 13.19 12.77 

..+**....+..,...........~.~.~..,........~...~...~~...........~...............~........*.....~............~....*................~...~ 

wA ,jOsn 61TE 6Q" 6T" 6Sm 62" tHcD 67" 6QR( 71L" 7JTA 76RE 771R 79'" 8ZpB 83%' gOTA 92" 
.~+~**..**H***.*..*+~*.*~*.***.***.*..**********.***.*...*.**~.****.*~****.*******.***...***********.~*****.*~**.*.**.*~.*....**.** 

2.6 48.72 M3.40 48.39 48.70 48.24 43.66 42.18 39.80 38.93 37.90 37.16 38.64 36.21 34.76 34.37 34.48 33.04 32.86 
3.0 62.19 49.76 49.73 60.06 49.66 4%.%9 46.46 43.04 42.17 41.10 40.33 39.68 38.32 37.82 37.39 37.48 36.88 36.47 
3.6 64.63 62.12 62.0% 62.42 62.0% 49.27 47.61 46.40 44.63 43.46 42.66 42.00 40.62 40.09 39.62 39.71 37.99 37.64 
4.0 68.36 63.79 63.74 64.09 63.80 60.99 49.61 47.12 49.27 46.1% 44.37 43.72 42.34 41.79 41.2% 41.37 39.66 39.09 
4.6 67.66 64.97 64.91 66.27 66.03 62.22 60.74 48.3% 47.66 4%.46 46.66 46.00 43.63 43.06 42.63 42.63 40.73 40.26 

x e:o 
6.6 
7.0 

36.0 

'%4 
260:0 
300.0 
380.0 

68.38 66.78 66.72 68.0% 66.89 63.10 61.62 49.30 48.60 47.41 46.60 46.96 44.60 44.02 43.47 43.66 41.61 41.12 
68.92 MI.33 M1.27 66.03 66.47 63.71 62.24 49.98 49.1% 48.11 47.30 46.66 46.32 44.74 44.17 44.26 42.27 41.77 
69.26 6%.66 6%.60 66.97 66.86 64.12 62.66 60.43 49.67 48.61 47.80 47.16 46.66 46.27 44.69 44.78 42.76 42.26 
69.43 66.86 66.79 67.16 67.07 64.37 62.92 60.74 60.00 48.96 68.16 47.62 4~3.23 46.66 46.06 46.14 43.10 42.69 
69.47 6%.91 68.86 67.21 67.16 64.49 63.06 60.92 60.21 49.17 Q8.38 47.76 46.49 46.92 46.31 46.40 43.33 42.83 

69.29 68.76 66.70 67.07 67.07 64.47 63.07 61.02 60.36 49.34 48.66 47.98 48.73 48.17 46.66 46.64 43.66 43.06 
58.86 6%.37 MJ.32 69.69 66.73 64.21 62.84 60.87 60.23 49.26 48.49 47.91 48.72 46.18 46.64 46.63 43.66 43.06 
68.28 66.84 66.79 Ml.16 6%.24 63.7% 62.46 60.66 49.96 49.00 48.26 47.69 443.64 46.02 46.37 46.46 43.39 42.89 
67.60 66.21 66.16 66.63 66.64 63.26 61.96 60.13 49.66 48.64 47.91 47.36 46.26 46.74 46.09 46.18 43.12 42.63 
66.87 64.62 64.48 64.84 64.99 62.%% 61.39 49.64 49.09 48.20 47.48 46.98 46.8% 46.39 44.74 44.82 42.78 42.29 

64.66 62.33 62.31 62.66 62.87 60.71 49.63 47.96 47.47 46.66 46.98 46.60 44.61 44.07 43.42 43.61 41.63 41.07 
80.81 48.78 4%.79 49.12 49.39 47.46 40.40 46.04 44.63 43.91 43.31 42.89 42.02 41.66 41.02 41.10 39.26 38.83 
47.60 46.63 46.66 46.97 4%.27 44.62 43.66 42.36 42.01 41.39 40.82 40.44 39.66 39.36 JB.73 38.81 37.09 36.70 
a.64 42.90 42.94 43.24 43.66 41.96 41.07 39.99 39.6% 39.09 38.69 38.26 37.64 37.27 353.6% 3%.76 36.14 34.78 
42.16 40.64 40.6% 40.87 41.20 39.70 38.89 37.90 37.63 37.09 3%.63 36.31 36.66 36.43 34.86 34.94 33.41 33.07 

40.00 38.47 38.62 38.60 39.13 37.73 39.97 Jo.07 36.83 36.32 34.89 34.60 33.99 33.79 33.24 33.32 31.87 31.66 
38.UO 36.86 3%.71 M.98 37.31 36.99 36.2% 34.44 34.22 33.76 33.34 33.07 32.60 32.33 31.80 31.87 30.60 30.20 
38.42 36.04 36.10 36.36 36.70 34.46 33.78 32.99 32.79 32.36 31.96 31.71 31.17 31.01 30.61 30.6% 29.27 28.98 
34.91 33.60 33.96 33.91 34.26 33.06 32.43 31.69 31.60 31.09 30.72 30.46 29.98 29.83 29.34 29.41 28.16 27.89 
33.66 32.30 31.37 32.61 32.96 31.81 31.21 30.62 30.34 28.96 29.60 29.37 26.89 28.76 18.29 28.36 27.16 26.90 

32.34 31.13 31.20 31.44 31.77 30.6% 30.11 29.46 29.29 28.91 28.68 28.36 27.91 27.79 27.33 27.40 26.24 26.99 
31.23 30.07 30.14 30.37 30.69 29.66 29.10 28.4% 28.32 27.97 27.66 27.44 27.01 26.90 26.46 26.62 26.40 26.17 
29.29 2%.20 28.27 28.49 !&3.%1 27.84 27.33 26.77 2%.63 26.30 26.00 26.82 26.42 26.32 24.90 24.97 23.93 23.71 
27.63 26.81 28.69 2Q.89 27.21 26.30 26.83 26.31 26.18 24.8% 24.60 24.43 24.06 23.97 23.68 23.64 22.66 22.46 
M.21 26.26 26.32 26.62 26.82 24.97 24.63 24.04 23.93 23.66 23.39 23.23 22.88 22.80 22.43 22.49 21.66 21.37 

21.26 20.49 20.66 2Q.72 21.00 X.32 19.9% 19.62 19.64 19.33 19.13 19.00 18.74 18.6% 18.38 18.43 17.68 17.63 
18.32 17.68 17.67 17.81 18.07 17.60 17.22 16.93 16.87 16.70 IO.62 16.42 16.20 16.16 16.90 16.96 16.73 16.22 
10.47 16.90 16.72 16.86 16.0% 16.62 lb.46 16.19 16.19 16.02 14.79 14.77 14.60 14.49 14.28 14.30 14.20 13.74 
16.14 14.62 14.46 14.60 14.72 14.38 14.23 i3.98 13.99 13.64 13.63 13.61 13.46 13.M 13.16 13.19 13.09 12.68 
14.14 13.66 13.61 13.66 13.76 13.44 13.30 13.0% 13.09 12.94 12.76 12.73 12.69 12.61 12.31 12.36 12.26 ii.88 

400.0 13.36 12.91 12.77 12.81 13.00 12.71 12.68 12.37 12.3% 12.24 12.07 12.06 11.92 11.84 11.66 11.69 11.60 11.26 

E%: 12.74 12.24 12.31 11.82 12.18 11.70 12.22 11.74 12.41 11.92 12.13 11.66 51.63 12.00 II.80 11.34 11.82 11.3% 11.69 11.23 11.62 11.08 11.60 11.06 Il.38 10.94 11.31 10.87 11.13 10.70 11.16 10.74 11.07 10.64 10.74 10.33 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

221 
RAIGE II UlITS Of m;/SQ a ml 101s 

8-r 

E/A BE 
ac 12 

ffi AL SI CA l-I CR FE II al GE SE SR za MO RII 
4 13 14 20 22 24 26 29 29 32 34 38 40 42 46 4:” 

**~*..****.******..**~**...~~~*~********~********.******~~*..***~***~~.***~*.****.*.***.*.*~*****.******~*.*~.~****.~*.~.**..*..**.* 
:.: 6.610 7.083 6.220 6.987 8.776 9.711 8.760 9.736 8.690 9.667 10.224 11.330 11.060 12.339 11.609 12.963 12.020 13.422 $2.470 13.912 12.760 14.291 13.680 16.308 14.120 16.869 14.699 18.601 14.920 16.747 16.169 17.068 16.611 16.010 

3:6 7.667 7.723 10.828 10.700 10.622 12.402 13.679 14.268 14.789 16.294 16.786 16.882 17.618 18.216 18.484 18.882 17.726 19.711 18.064 lS.SBo 
4.0 6.237 8.444 11.638 11.666 11.486 13.469 144.798 16.646 16.086 18.641 17.202 18.411 19.123 10.876 M.166 20.006 21.916 21.667 
4.6 8.828 9.168 12.447 12.608 12.407 14.602 16.006 16.809 17.384 17.966 18.613 19.913 20.698 21.602 21.811 22.309 23.466 23.976 

::: 10.044 9.430 IO:689 9 872 13 14:277 369 13 14:626 664 13 14:298 349 16 16:690 646 17 IS:409 206 18.069 19.310 16.673 19.968 20:686 19 278 20.011 21.403 21.399 22.876 22 23’800 266 
26:341 

23 24’698 107 
28:283 

23 26’043 434 
28:844 

23 26’661 988 26 27’094 278 26.471 27 244 
6.0 10.673 11.312 16.203 16.496 16.260 17.639 19.810 20.693 21.243 21.890 22.792 24.349 27:306 28:834 29:OOS 
6.6 11.316 12.043 16.138 16.473 18.213 18.894 20.820 21.820 22.632 23.197 M.183 26.822 28.880 27.899 28.243 28.966 30.693 30.781 
7.0 11.972 12.782 17.084 17.482 17.186 19.768 22.037 23.084 23.827 24.609 26.678 27.300 28.422 29.461 29.843 30.606 32.346 32.614 

t:: 13.33 14.76 14.29 16.84 19.01 20.98 19.47 21.64 19.18 21.18 21.91 24.11 24.60 27.00 26.94 28.23 29.44 29.09 27.16 29.83 28.39 31.24 30.27 33.28 31.62 34.86 32.63 36.66 33.06 35.29 33.91 37.26 36.86 39.38 36.03 39.66 

:z 
12:o 

16.22 17.76 17.44 19.09 23.01 26.09 23.66 26.81 23.26 26.38 29.36 28.94 32.18 29.66 30.88 33.67 31.79 34.64 32.66 36.32 34.13 37.07 39.33 39.43 37.83 41.06 39.10 42.40 42.90 39.67 Qo.62 44.04 42.90 48.47 43.13 49.74 
19.38 20.78 27.22 26.03 27.66 30.98 34.82 39.31 37.34. 38.14 40.06 42.6E 44.33 46.76 48.27 47.60 60.09 60.40 

16.0 24.60 28.17 33.93 36.02 34.38 38.31 43.13 44.68 46.06 49.91 49.36 62.37 64.49 66.11 66.70 68.20 61.20 61.89 
20.0 34.19 39.14 49.17 47.76 49.81 61.66 68.10 90.27 61.70 82.90 66.97 69.83 72.69 74.64 76.23 77.l6 80.77 61.64 
26.0 46.26 47.33 69.69 61.79 80.60 68.06 74.46 77.06 78.72 79.63 84.01 88.76 92.16 94.43 96.19 97.66 101.72 103.06 

2:: 71.19 57.60 73.16 69.68 74.43 SO.36 77.08 93.69 76.39 91.46 98.86 81.77 111.12 92.14 114.69 96.17 118.74 S7.08 117.90 97.98 103.42 124.17 109.08 130.80 113.19 136.83 116.76 138.47 116.69 139.37 119.39 142.62 124.06 147.77 126.92 160.20 

40.0 86.97 87.71 107.40 111.26 108.66 116.99 131.36 136.27 137.66 138.46 146.22 163.68 169.44 162.66 163.60 167.19 172.82 176.87 
46.0 101.90 103.31 126.68 130.06 126.92 136.81 162.78 167.16 169.78 160.61 169.63 178.22 184.66 187.96 188.96 193.08 199.16 202.69 
60.0 118.96 119.93 144.77 149.96 148.26 166.99 176.39 180.24 163.09 183.73 194.08 203.84 211.01 214.64 216.67 220.28 226.81 231.21 
66.0 137.08 137.63 166.01 170.90 168.61 177.20 199.14 204.47 207.64 208.06 219.78 230.69 236.7l 242.68 243.63 248.67 266.66 260.80 
60.0 166.27 166.10 186.26 192.87 l87.96 199.42 223.99 229.81 233.12 233.62 246.66 268.73 297.63 271.73 272.60 276.30 286.77 291.63 

66.0 176.6 176.6 208.6 216.9 210.3 222.6 249.9 266.2 269.6 290.0 274.7 287.9 297.7 302.1 303.1 309.1 317.0 323.7 
70.0 197.7 196.0 231.7 239.8 233.6 246.6 276.9 293.7 267.6 287.6 303.6 318.3 329.0 333.6 334.7 341.1 349.6 366.9 

1oo:o %: 

243.0 239.6 280.8 290.6 282.8 297.8 333.9 341.6 346.0 346.8 366.1 382.3 396.0 399.9 401.0 408.4 417.7 426.6 

292.1 344.8 286.3 338.4 333.4 389.6 346.0 402.9 336.6 391.8 362.6 410.6 394.9 469.7 403.9 499.8 406.8 474.9 407.9 473.7 430.7 600.1 460.6 622.9 486.3 639.6 470.8 646.6 471.7 646.6 460.0 666.9 490.3 667.2 601.0 679.6 

160.0 668.1 932.0 717.3 741.1 719.9 748.6 036.0 862.2 669.4 664.9 902.1 941.1 970.6 977.8 978.1 992.6 1009.6 1030.9 
200.0 1046.7 993.1 1114.4 1161.0 1118.3 1166.6 1290.1 1313.6 1321.9 1312.6 1384.8 1432.3 1478.9 1496.7 1496.1 1616.3 1630.0 1669.4 
260.0 1496.6 1407.4 1668.2 1819.8 1678.7 1622.1 1808.0 1844.2 1847.9 1832.6 1933.4 1969.9 2066.7 2084.9 2062.1 2112.2 2119.2 2179.6 
300.0 1997.2 1897.8 2070.9 2138.8 2084.1 2136.8 2380.2 2436.9 2429.4 2406.2 2638.4 2604.8 2691.6 2733.6 2726.2 2769.3 2767.4 2860.6 
360.0 2643.7 2397.7 2616.1 2701.6 2934.2 2994.0 2999.7 3060.4 3066.6 5026.6 3192.4 3269.7 3376.9 3434.4 3426.0 3476.7 3467.4 3674.7 

400.0 3130. 2903. 3159. 3304. 3222. 3289. 3661. 3766. 3979. 4112. 4161. 4169. 4234. 4213. %Z 3761. 4403. 3469. 4092. 3816. 4460. 3940. 4606. 3a43. 4493. ::;I. . 4369. 6090. 4490. 6246. 27:: 6173. 3636~. 6116: iZig: . 4727. 5610. 4866. 6993. t!PXT~ . 4962. 6771. 6030. 6662. 4996. 6820. 8006. ;fN;: 

*.*1*+..*.*******.*1*****.****.*******.*.*..*********~**.*.***.**...~****~*.*******.***~.*..**.**~*.**~..*.*.*.***.**.*.***.*.~.~~.~ 
E/A sn TE BA LA Fn SE! GD 80 RI LU TA ffi IR AU PB BI TR 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 63 90 9z” 
I**C+.*....*******..~*******.**.,.**.***.****.**...*.*~*........*...~*~*~..*.**..*.*.*.......~*~***.*******...*.*.*.**.*.....***~~.~ 

2.6 18.79 17.40 18.76 19.11 19.61 20.80 21.40 22.17 22.63 23.07 23.62 23.99 24.46 24.89 26.46 26.67 27.46 26.06 
3.0 18.90 19.70 21.06 21.39 22.11 23.24 23.92 24.63 26.36 26.86 26.37 28.89 27.46 2T.93 26.63 26.74 30.68 31.30 
3.6 21.04 21.87 23.23 23.66 24.28 26.64 28.28 27.33 27.90 26.47 29.03 29.69 30.26 30.78 31.40 31.60 33.87 34.32 
::: 23.03 24.97 23.96 26.96 26.31 27.34 26.62 27.64 29.37 26.39 27.74 29.88 30.76 28.66 32.03 29.72 30.33 32.68 30.97 33.38 31.67 34.02 32.17 34.66 32.92 36.49 33.46 36.06 34.13 38.77 34.32 39.96 36.62 39.27 39.99 37.20 

6.0 26.88 27.98 29.34 29.62 M.39 31.98 32.91 34.29 34.98 36.73 39.41 37.08 37.99 38.60 39.33 39.61 41.96 42.70 

iit% 28.76 30.63 32.49 31.90 33.66 29.96 31.31 33.27 36.22 31.68 33.63 36.46 32.36 34.30 39.24 34.06 36.10 38.13 36.04 37.16 39.24 39.62 38.72 40.90 37.24 39.48 41.69 39.04 40.33 42.69 38,77 41.09 43.39 39.47 41.82 44.18 40.46 42.67 46.27 41.09 43.64 46.97 41.66 44.34 46.60 42.03 44.61 46.96 44.69 47.19 49.76 46.37 48.00 
60.60 

7.0 34.36 36.79 37.16 37.40 38.16 40.16 41.33 43.07 43.90 44.84 46.66 49.46 47.66 46.39 49.26 49.40 62.32 63.19 

1o:o Ef 
39.07 39.68 41.08 41.26 42.04 44.22 46.49 47.41 48.29 49.33 60.24 61.09 62.39 63.16 64.11 64.26 67.40 58.33 
41.81 46.66 43.68 47.62 44.97 48.91 46.16 49.08 46.93 49.84 48.28 62.37 49.66 63.88 61.74 66.10 62.68 67.10 63.81 68.31 64.79 69.36 90.32 66.70 61.86 67.12 62.76 67.97 93.82 68.96 63.96 69.10 62.47 63.46 

67.66 68.61 
11.0 49.40 61.60 62.89 63.02 63.79 66.60 68.09 90.49 61.64 82.83 93.96 84.97 99.62 67.68 69.71 68.62 72.68 73.77 
12.0 63.28 66.63 68.92 67.02 67.78 90.68 62.37 94.92 69.02 67.40 68.69 69.86 71.42 72.43 73.83 73.74 77.81 78.96 

16.0 66.16 67.94 89.34 69.36 70.08 73.60 76.60 70.60 79.76 81.37 82.77 83.99 86.06 67.24 88.66 88.74 93.63 
2:: 

94.88 
108.66 66.16 113.26 89.82 114.86 91.22 114.38 91.09 114:63 91 71 120’09 96 03 123.16 98 66 120 09 122 66 

30.0 132.67 138.24 139.82 139.16 139.48 146:67 149:26 

127’0 102 28 

164:46 

103 129’28 76 

166:36 

131’73 106 79 

169:22 

107 133’62 63 

161:67 

136’66 109 01 

183:89 

138’71 111 63 

167:36 

140’33 113 03 

18S:lS 

142’67 l14 84 

17l:SO 

142’66 114 67 

171161 
149:66 161:83 
160.46 

36.0 164.76 
162.76 

168.16 166.10 166.46 186.66 172.76 178.96 182.68 184.98 188.26 191.08 193.32 197.66 199.61 202.81 202.66 212.76 216.37 

2.: 166.1 213.4 222.2 192.7 194.1 223.6 193.2 222.4 193.1 222.0 201.3 231.3 206.1 236.7 212.6 244.1 216.1 248.6 216.6 260.6 222.0 264.4 224.6 267.2 229.3 262.6 231.6 236.3 236.1 246.8 249.6 
60:0 269.3 269.0 282.1 286.4 243.1 263.0 264.3 263.0 262.3 262.7 268.7 276.9 279.6 284.2 298.3 291.3 297.3 299.9 266.0 

304.8 304.4 319.1 322.6 
66.0 274.1 286.2 286.4 284.9 283.9 296.6 302.1 311.1 314.0 319.1 323.6 326.9 333.6 338.3 341.7 391.8 
60.0 

341.2 367.6 
308.4 319.8 319.9 318.1 316.8 329.6 336.9 346.6 349.6 366.3 360.2 393.6 371.0 374.0 380.1 379.6 397.6 402.0 

so:0 ! : I  

339.9 363.7 364.7 362.7 361.0 394.9 372.9 383.6 306.9 392.9 396.2 402.1 409.9 413.1 
374.7 

419.6 419.2 436.9 443.6 
389.8 390.7 388.4 386.4 401.8 410.3 421.7 426.2 431.7 437.6 441.7 460.2 463.6 490.9 490.2 461.7 487.0 

447.8 626.6 496.7 646.6 486.6 647.0 483.6 643.6 490.7 639.7 478.6 590.3 488.7 571.9 601.8 686.7 691.2 606.8 613.3 699.7 907.4 620.0 612.9 624.8 624.0 634.9 636.3 647.1 646.1 671.6 677.6 
628.0 636.3 937.1 996.4 673.4 

100.0 607.7 631.6 932.1 627.9 623.2 646.6 669.6 676.4 691.2 690.6 699.6 706.7 716.3 722.8 734.6 733.0 766.6 774.3 

160.0 1060. 1122. ::ix* 1112. :A;:. 1141. ::t: . :::t. :E? 1212. 1226. 1236. 1266. 1262. 1283. 

3oo:o :::4 
1643. 1706. 1730. 1660. 1693. 1901. 1932. 

:%. :sz~ 1360. 
2030. 

2280. 2982. 3092. 2366. EC 3081: iE* 3042. 2321: 2400. 3139. 3187. 2441: 3249. 2490: 3269. 2600: 3297. :i:z: 2660. 2661: 2738 : 

360.0 3736. 3876. 3894: 3870. 3920. 3936. 3991. 4066. 4G77. 4124. %:- . 

3367: :tz. ii;: 3422. 2626. 3477. 2666. 
3467. 

3634. 2796. 

4196. . 4276. 4347. 4334. z2 . 4636. 

400.0 4642. 2. EX. 4761. 4937. 4946. 6070. 6091. 6168. 6167. 6270. 6266. 6361. 6493. 

460.0 6390. 600.0 6276. 9603: 6649: 

BEG 

8616: 

%% 

9427: 6972. 

if::. 

0986 : 6862. 6860. 

I%‘:. 

9992: 6006. 6031. 6106 * t::2 
6241. 6223. 9327. 6499. 

9902. ‘3608. 9814. 8986. 7011. 7099. . 7264. 7233. 7348. 7646. 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

n.EcTROIIC srOPPI8C POWER II UlITS OF HEv/m/sp cm 
224 

RA IOlS 
66 

WA m 
4 

*c 12m 13AL 14sI =CA 2211 
14at 

261E 
2*BI 2SaJ 32CE 

SE SR 23 no RQ 
34 36 40 42 46 4:” 

L.~**.+.*.***.+**.~...*.*.*******~~**..**.**.*....*..***.*~...*.*~*******~*.~.*.**.**.~~*...~~..******~.~**..~~****~.~.***‘*.*.*.*.~ 

2: 194.3 196.3 140.3 140.7 117.2 120.4 111.2 114.4 112.0 116.7 102.: z:: 2:: EE 

i:: 193.9 191.2 163.4 166.7 122.3 122.0 114.3 117.0 117.4 118.6 106:O 106.3 
4.6 187.9 166.4 122.7 117.0 116.6 106.9 

4:o Pi 

184.2 164.2 122.1 110.4 116.2 107.0 

ISOo.3 170.6 166.3 I63.9 121.2 120.1 116.8 114.8 117.6 114.7 106.7 1'36.2 
4.6 172.6 162.3 118.9 113.7 116.4 106.6 
7.0 166.9 l60.4 117.8 112.6 114.4 104.7 

1o:o E 
161.8 149.4 114.8 109.9 lI2.0 102.8 86.0 
166.1 149.0 142.3 138.2 109.2 112.0 104.7 107.3 109.4 104.8 100.6 Iti:: fit:: 83.4 

11.0 143.4 134.2 100.6 102.1 104.3 ET %%?I EX it: 
12.0 13a.2 130.4 103.9 89.7 101.9 9417 Q3:4 6o:e 7912 

16.0 ;a;.; y&L; it:! ii:: 76.0 

ES . . 
30:o E:, 

7914 
iz 
a013 

Et 
36.0 Q8:2 

Ei 
66:a 

40.0 73.33 74.42 63.44 41.66 63.39 SO.61 63.94 62.79 62.21 62.37 49.64 47.39 46.90 46.40 46.32 44.62 43.71 42.44 
46.0 68.31 69.87 90.20 69.14 69.81 67.21 61.06 49.99 49.48 49.88 48.99 44.99 43.6a 43.16 43.09 42.36 41.43 40.62 

t?o:o is-: 

64.04 (56.81 67.02 66.09 66.70 64.34 48.62 47.64 47.04 47.26 44.?6 42.84 41.64 41.17 41.12 40.46 39.79 38.82 

SO.40 67.22 62.29 69.20 64.24 61.79 62.43 60.07 63.97 61.66 49.64 61.81 46.29 44.31 46.38 43.44 44.97 43.08 46.18 43.30 42.77 41.00 40.98 39.30 39.73 36.11 39.40 37.82 59.37 37.90 38.74 37.22 3S.l4 3Q.66 37.22 36.78 

46.0 64.43 S6.46 49.60 47.97 49.40 47.66 42.63 41.74 41.36 41.41 39.42 37.79 36.66 36.39 58.38 36.84 36.32 34.48 
70.0 61.96 64.06 47.44 46.06 47.46 46.73 40.93 40.16 39.66 40.09 37.98 36.42 36.33 36.10 36.10 34.69 34.10 33.30 

1oo:o Eo" 

47.76 49.W 44.26 42.82 44.12 42.69 38.16 37.47 37.19 37.44 36.40 34.04 33.03 32.84 32.66 32.40 31.96 31.22 

44.31 41.46 49.49 43.43 41.42 39.03 40.10 37.80 41.32 38.96 37.72 39.96 36.82 33.83 33.24 36.20 33.04 34.94 36.21 33.30 33.37 31.64 32.03 30.31 31.09 29.43 30.93 29.30 30.96 29.32 30.64 28.94 30.14 28.67 29.47 27.96 

160.0 32.06 34.13 30.94 30.00 30.91 30.07 27.03 26.42 24.49 26.74 26.37 24.39 23.49 23.43 23.46 23.41 23.11 22.48 

i%-: 
3bO:0 

23.68 24.79 29.01 26.74 26.43 23.66 26.69 22.81 26.22 23.32 26.73 22.99 20.44 23.12 22.49 20.00 22.76 20.34 23.00 20.60 21.00 19.63 21.46 19.21 20.73 18.67 20.28 18.20 20.36 16.27 20.07 17.98 20.27 18.20 19.66 17.68 
21.62 23.48 21.62 20.84 21.32 21.03’ 18.92 18.20 18.66 18.86 17.91 17.41 17.04 14.70 16.77 14.60 14.72 14.14 

360.0 19.92 21.79 20.00 19.37 IQ.83 19.67 17.41 16.97 17.38 17.80 14.69 14.42 16.88 16.68 16.46 16.40 16.41 16.09 

400.0 18.70 20.60 16.63 19.23 18.67 18.46 16.60 16.01 14.39 14.60 16.76 16.49 14.99 14.72 14.76 14.66 14.74 14.26 
460.0 17.74 19.47 17.90 17.33 17.74 17.66 16.80 16.26 16.81 16.01 14.76 14.27 14.02 14.09 13.87 14.06 13.40 
600.0 16.94 18.46 17.16 14.40 17.01 14.62 16.16 14.44 

;;.tf3 
. 16.17 14.40 14.14 13.49 13.44 13.63 13.31 13.49 13.04 

1.*...*....1*1.,*.*...*.**..****~*..*...*.*.***...*.*~***~.~..*.***.*..****~*.*..********~..*~*.**.*.**********...**********.~.**~~* 
E/A UT 16 BA LA Pa SK CD HO RI Lu TA a6 In AU PB 91 T3 u 

60 62 66 67 69 42 64 47 69 71 73 76 77 79 82 63 90 92 
.*+.......~...**,.+.*..**..**.**.**....*~~.**.*.~***~~~.*.****..~.*....*~***.**.*******.~****~~***.*.*.~~.***.*******~*****~..*.**~ 

::: 46.S9 62..64 48.46 60.09 46.46 60.04 48.94 60.39 49.96 46.60 43.80 47.20 42.41 46.74 43.32 40.02 39.14 42.44 41.37 36.10 37.36 40.69 39.94 36.73 38.67 36.40 36.W 34.94 34.66 37.63 34.66 37.72 36.11 33.21 32.83 36.70 

ii 
4:s 

66.04 66.61 62.61 64.23 62.47 64.14 62.61 64.63 62.46 64.23 49.63 61.39 46.14 49.90 46.73 47.49 44.84 48.44 43.74 46.64 42.96 44.72 42.30 44.68 40.92 42.48 40.38 42.12 39.91 4l.M 40.00 41.70 38.24 39.87 37.81 39.40 
68.06 66.44 66.39 66.76 66.60 62.47 61.17 46.79 47.96 46.04 46.04 46.38 44.00 43.43 42.69 42.99 41.06 40.69 

6.0 66.91 69.29 66.23 66.69 64.39 63.68 62.09 49.76 48.94 47.84 47.02 46.36 46.00 44.42 43.66 43.96 41.98 41.49 
6.6 69.49 66.84 66.80 67.17 67.01 64.22 62.73 60.43 49.66 48.66 47.74 47.09 46.76 46.14 44.69 44.46 

69.66 67.23 67.14 67.63 67.41 64.46 63.I7 60.92 60.14 49.08 48.27 47.42 40.30 46.71 46.12 46.21 
4&f; 

43:63 

ii.; 

SO.04 67.43 67.37 67.74 67.46 64.92 63.44 61.26 60.61 49.44 48.63 46.00 46.49 46.11 46.61 46.60 43:02 
60.10 67.61 67.46 67.62 67.74 66.06 63.41 61.46 60.73 49.68 46.68 48.26 40.97 4’3.39 46.78 46.87 43.78 43.27 

to:0 l4.g 

69.96 67.39 67.33 67.70 67.70 66.07 63.66 61.68 60.90 49.88 49.09 46.49 47.24 46.66 46.04 46.13 44.03 43.62 

69.64 66.94 67.03 64.61 66.97 60.46 67.34 60.82 67.39 66.91 64.83 64.42 63.46 63.07 61.46 61.14 60.61 60.64 49.42 49.68 49.06 48.83 48.46 43.24 47.26 47.09 46.71 40.64 46.91 46.06 4’3.16 46.00 
44.04 43.63 
43.88 43.39 

11.0 69.32 66.89 66.84 69.21 69.33 63.90 62.69 60.74 60.16 49.23 46.49 47.94 48.81 44.30 46.64 46.73 43.44 43.14 
12.0 67.69 66.21 66.17 66.63 66.68 63.32 62.04 60.26 49.70 46.80 46.08 47.64 46.46 46.96 46.29 46.36 43.31 42.62 

x+ 
26:0 

61.64 66.29 49.49 63.04 49.49 63.01 49.83 63.37 63.68 60.10 49.14 61.39 47.07 60.19 46.69 46.68 46.27 Q8.10 47.27 44.64 4S.69 43.93 46.10 43.60 46.10 42.61 44.86 42.24 41.40 43.99 44.08 41.69 42.08 39.61 41.61 59.38 
49.22 49.33 40.36 46.67 4S.97 46.19 44.22 42.9Q 42.44 41.98 41.43 41.06 40.26 39.b4 39.31 39.39 37.44 37.24 

2: 46.36 42.46 43.64 41.20 43.42 41.24 43.92 41.63 41.87 44.26 42.S1 W.34 41.71 39.62 40.41 38.62 40.31 38.24 39.71 37.4S 39.20 37.22 38.86 3S.QO 38.12 36.23 36.00 37.84 37.26 36.42 37.33 36.60 36.49 33.96 36.32 33.60 

2: 38~76 40.47 39.11 37.28 39.14 37.33 39.46 37.41 39.79 37.96 36.36 36.60 37.69 36.88 36.03’ 38.67 36.42 34.60 36.91 34.33 36.47 33.91 36.17 33.43 34.66 33.06 34.36 32.87 33.79 32.34 32.41 33.87 32.40 31.01 32.07 30.71 

6o:o EC: 

37.06 36.46 36.71 36.97 36.32 36.04 34.34 33.66 33.36 32.91 32.61 32.26 31.71 31.66 31.03 31.10 19.77 29.48 

36.63 34.17 34.19 32.88 34.26 32.96 24.61 33.20 34.86 33.64 33.64 32.39 31.77 33.00 31.00 32.26 32.04 30.68 3l.Q4 30.48 
31.24 

31.02 2S.89 
30.60 30.34 

29.64 29.79 
29.93 28.66 28.38 

30.12 29.41 29.27 26.64 27.44 27.37 

A:8 32.93 31.81 31.70 90.42 31.77 30.49 32.01 30.92 32.34 31.26 31.24 JO.20 30.46 29.43 29.98 29.00 26.64 29.82 29.44 28.48 29.09 28.16 26.97 27.94 27.60 2S.41 26.29 27.39 27.82 26.94 27.89 27.00 26.?1 26.47 28.44 26.62 

1bo:o ii?: 

29.84 28.73 26.60 2Q.02 29.36 28.3S 27.64 27.27 27.13 24.80 26.49 W.30 26.89 26.79 26.37 26.43 24.37 24.16 

28.14 29.72 27.12 26.74 27.20 26.81 27.40 24.01 27.72 24.32 26.60 16.46 26.00 26.32 26.79 24.61 26.44 24.39 26.34 24.11 26.07 23.64 24.69 23.47 24.61 23.32 24.43 23.24 24.03 22.84 24.09 22.92 
23.09 22.46 
21.97 21.78 

160.0 21.70 20.90 20.97 21.14 21.42 20.73 20.39 20.02 19.84 19.73 19.61 19.39 is.12 19.06 16.76 18.81 18.04 17.88 
%:8 14.71 16.62 18.04 14.24 14.04 14.06 16.19 14.16 18.46 16.43 17.07 16.9S 17.68 16.79 17.28 16.61 17.22 16.62 17.06 IS.34 14.67 16.ll 14.74 16.08 14.64 14.91 14.49 14.80 14.23 14.64 14.41 16.28 16.06 14.60 14.04 16.63 

ES 14.46 16.47 13.96 14.94 l3.00 14.77 13.46 14.82 14.04 16.04 13.73 14.69 14.64 13.60 13.34 14.29 13.37 14.30 13.23 14.13 13.03 13.93 13.01 13.90 12.87 13.76 12.79 13.96 13.43 12.68 12.42 13.46 12.62 13.37 12.14 12.96 

400.0 13.44 13.19 13.06 13.10 13.29 12.99 12.46 12.S4 12.46 12.61 12.34 12.31 12.18 12.10 11.91 II.96 11.86 II.60 

2%: 13.02 12.61 12.08 12.66 12.46 ll.SS l2.49 12.00 12.68 12.14 12.40 11.91 12.27 11.79 12.07 lI.SO 12.08 11.41 11.96 11.48 il.78 11.32 Il.30 11.74 11.44 II.19 Il.66 11.11 11.36 10.94 Il.41 10.97 11.32 10.86 10.98 10.67 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

22% 
BAJGE IJ UNITS OF NG/SQ aC RI 106s 

88 

B/A BE 
2 I? 

n2 AL SI CA IL a IF JI aJ GE SE SR m M BB 
4 13 14 w 22 24 24 28 29 32 34 38 40 42 46 47 

*.*,.*~..I.*,*t~*.....*....**....*~..~***...**.*....**~**~**....**.****.~.*~..**.~*.~...*....*..*..*..**..*...~*.~~***...~~.*.*~.~.. 
3:: 4.400 7.173 4.300 7.040 8.834 3.%43 8.870 9.843 3.701 8.710 10.3%4 Il.l%% 11.200 12.60% il.70 13.143 13.603 12.180 14.036 12.830 14.486 12.920 13.840 16.514 14.310 14.074 14.832 14.722 14.904 16.110 16.343 17.280 16.810 17.963 14.220 

7.763 
18.297 

7.827 10.773 10.847 10.449 12.674 13.747 14.447 14.971 16.497 16.982 17.ll2 17.76% 18.443 la.?30 13.l11 19.374 W.213 
8.344 8.667 11.434 11.816 11.426 13.442 16.003 16.741 14.304 14.863 17.438 18.443 13.389 W.147 10.43% 20.880 
8.942 3.281 12.414 12.740 12.678 14.702 

21.908 22.167 
14.226 17.039 17.421 18.206 18.843 20.186 W.994 21.79% P.lO4 22.407 23.784 24.004 

i:: 10'149 9 643 

IO:803 

10.004 10 729 

11:440 

13.637 14 4%6 

16:402 

13.747 14 720 

IS:700 

13.632 14 490 16.768 14 814 

4.0 IS:466 l7:877 

17.44l 18 467 

I$:876 

18.308 19 676 

20:842 

W 18.927 22% 

2I:629 

19 20’858 636 

221179 

20.286 21 494 

23:IOO 

21 23'184 490 

24:%77 

22 24'12% 643 

261847 

23 26'034 422 

2%:%39 

26'378 23 749 

27:OOO 

24 26'993 303 

27:%%8 

26 27:430 420 26 27'417 821 

29.222 291401 
4.6 11.460 12.138 14.347 14.489 14.424 18.944 2l.098 22.Il4 22.833 23.602 24.607 24.168 27.246 28.241 28.418 29.338 31.003 31.176 
7.0 12.112 12.344 17.303 17.489 17.411 20.020 22.329 23.333 24.142 24.829 26.919 27.443 X38.806 29.844 30.237 31.008 32.777 32.963 

1o:o E 

13.48 14.47 19.26 19.72 13.41 22.20 24.82 26.97 24.78 27.60 28.74 30.87 31.94 33.08 33.49 34.36 J8.32 38.61 

l4.91 14.39 14.03 l7.44 21.24 23.29 21.80 23.94 21.46 23.64 24.42 24.48 27.36 29.93 28.40 31.27 29.47 32.19 32.9% 30.21 31.44 34.6% 33.71 38.79 36.11 38.32 38.31 39.%0 40.07 36.7% 37.73 41.13 39.87 43.46 40.08 43.49 
11.0 17.34 IS.30 26.38 2e.12 25.48 28.99 32.64 33.98 34.97 36.74 37.63 39.92 41.67 42.93 43.43 44.68 47.04 47.34 
12.0 19.66 21.01 27.63 28.34 27.87 31.3% 36.24 36.74 37.79 38.80 40.66 43.11 44.88 46.31 46.84 48.08 60.70 61.03 

$2 24.71 34.44 Xl.47 20.44 34.30 46.43 36.41 48.23 47.28 34.74 38.76 62.09 43.43 68.71 46.40 80.91 48.69 42.38 83.2% 47.46 43.93 06.48 70.69 62.98 66.13 73.38 76.36 64.77 74.04 67.37 78.00 68.88 41.92 81.4% 42.43 82.64 
26.0 46.6% 47.71 60.23 42.3% 41.04 %%.'I0 76.18 77.80 79.60 80.41 84.84 89.44 93.09 96.39 90.1% 98.6% 102.77 104.12 

E:E 67.96 71.69 60.12 73.86 76.04 31.07 77.74 94.34 74.06 92.20 82.61 99.60 112.07 92.98 116.68 94.04 117.76 S7.98 114.43 98.88 104.38 126.2% 110.11 131.9% 114.24 134.84 114.84 139.72 117.70 140.43 120.64 143.90 126.2% 149.12 127.14 161.68 

ii:: 102 86.41 39 

119:49 

IO3 88.27 33 

50.0 12O:SO 

108 124'46 21 

146174 

ll2.10 130 39 

160:37 

I27 103.48 84 

147:24 

117.42 134 64 

167:ll 

132.41 163 96 

174:%7 

134.37 168 38 

I%l:67 

138.78 141 02 

184144 

133 141'77 40 

186:lO 

147 170‘87 44 

196:62 

166 179'84 16 

206:39 

140 184'04 79 

212:%3 

143 189'48 94 

21%:30 

190'48 144 SO 

217134 

194'86 148 42 

221:97 

I74 WO’82 32 

228:69 

177 204’67 40 

233:03 
66.0 137.4% 138.2% 144.07 172.00 147.70 178.42 200.62 206.90 209.01 209.6% 221.3% 232.34 240.4% 244.37 246.44 260.63 267.41 202.77 
60.0 154.89 164.88 187.40 194.0% 189.13 200.73 226.48 231.3% 234.70 236.12 248.36 240.63 289.60 273.46 274.74 290.29 237.83 293.76 

::: 198.4 177.2 198.9 174.4 209.7 233.0 217.1 241.2 211.6 234.9 224.0 248.3 261.6 278.4 267.9 286.6 281.5 289.3 241.7 289.4 306.7 274.6 320.3 289.9 239.7 331.2 304.1 336.7 305.2 334.9 311.2 319.2 326.9 
343.3 361.8 359.3 

t2:: 243.8 293.0 240.4 287.4 282.2 336.1 292.1 344.7 337.3 284.3 364.3 299.6 336.8 397.0 40%.1 343.4 348.0 410.8 347.8 410.1 367.3 433.0 384.4 463.0 397.4 4e7.9 402.4 473.3 403.6 474.4 410.9 482.8 420.3 493.2 429.4 604.0 
100.0 346.4 337.4 391.3 404.4 393.4 412.4 4%2.0 472.2 477.3 474.1 602.7 626.4 642.7 648.4 549.6 668.9 670.3 682.8 

160.0 469.4 833.7 719.7 743.4 722.6 761.3 839.1 466.4 982.7 868.2 SOS.4 944.8 974.4 981.4 982.1 996.7 1013.7 1036.2 
100.0 1047.3 996.1 1117.4 1164.2 1121.4 1160.1 1294.0 1317.6 1326.9 1314.7 1389.1 1434.9 1483.7 1600.4 1600.1 1620.4 1636.2 1574.7 
260.0 1497.4 1409.8 167I.f 1423.4 1680.2 1424.1 1812.6 1848.9 1862.4 1837.4 1938.6 1996.2 1041.2 WS0.6 1087.8 2118.0 2126.1 2186.9 
300.0 1999.1 1870.3 2074.7 2142.8 1088.1 2141.0 2386.1 2442.0 2433.8 2411.6 2643.9 2610.7 197.6 2739.9 2734.4 2776.8 2774.1 2867.6 
360.0 2646.7 2370.4 2620.2 27708.1 2638.6 2498.7 3006.0 3086.9 3062.1 3032.2 3196.4 3276.1 3386.6 3441.2 3432.8 3486.7 3474.6 3682.1 

400.0 3132. 2904. 3203. poz: y& 3294. 3484. 3772. 3732. 3894. 389%. 3986. 4119. 4188. 417%. 4241. 
460.0 

4220. 
3764. 3472. 3819. 

4498: 
ii;:: 4366. 4s90. 4439. 4392. 4631. 4736. 4892. 4976. 4960. 6038. 6006. 

M& 

600.0 4406. 4066. 4466. 4811. 6096. 6263. 6198. 6122. 6401. 6617. 6701. 6798. 6779. 6870. 6828. 6014. 

..**...l*,.*.~....*L**.*..~.*..***......~*******..*.***.*..*.~******.*...****.**.******..~*~****..*....*****.~***.***.*.*.....*.*... 
E/A SJ IB 81. LA PR SE CD BO IX LU TA RE IR AU PB BI TH 

60 62 66 67 69 62 84 67 69 71 73 76 7-r 79 82 a3 90 92" 
.*.****...0*~*+..*.*...**~.*.*..*...***.**~*.*..***~***..**.*.*****.*.**~..~***~..*~***........~~.........*.~*~*.*..*.***..*.....*~ 

2.6 17.02 17.46 19.02 19.37 20.07 21.07 21.47 22.44 22.90 23.34 23.80 24.2E 24.76 26.20 26.78 26.99 27.83 

4:o ?: 
19.24 19.98 

28.41 
21.36 21.49 22.41 23.66 24.23 26.16 26.47 26.18 26.49 27.22 27.81 28.29 28.91 29.11 31.08 31.70 

21.34 23.3% 22.18 24.29 23.66 26.47 23.88 26.98 24.62 24.73 26.88 28.12 28.43 28.94 27.68 30.11 30.72 28.26 28.84 31.38 29.40 29.97 30.66 31.17 31.82 32.01 34.12 34.77 
31.97 32.6% 

4.6 26.33 
33.36 33.91 34.69 34.76 

28.36 27.73 28.03 24.79 30.29 
37.01 37.70 

31.17 32.46 33.11 33.81 34.46 36.11 36.96 3e.66 37.26 37.44 39.80 40.52 

::: 
8-E 
7:o 

8.0 

12: 
11:o 
12.0 

16.0 
20.0 
26.0 

2: 

2:: 
Ex 8o:o 
;:p 
9o:o 

100.0 

160.0 

CRUX 
3oG:o 
360.0 

%.8 6oo:o 

27.26 
29.17 

::*os 
34:82 

28.38 29.7% 
30.37 31.74 
32.36 33.74 
34.32 36.7I 
38.29 37.68 

p; ;;.;I 

48:IS 49:66 
62.17 63.6% 
64.24 67.46 

e&g; v&x& 

114144 lls:ee 
139.41 141.01 
144.29 147.4% 

30.04 30.81 32.41 
32.03 32.80 34.61 
34.00 34.78 38.69 
35.9% 3e.74 34.46 
37.91 38.70 40.70 

34.74 
37.00 

i?:: 
43144 

35.44 
37.73 

%?I 
44147 

38.19 38.89 
38.64 39.27 
40.86 41.42 
43.14 43.94 
46.42 48.27 

37.57 38.50 
39.99 40.98 

z.3;: 
4710% 

2.:: 
48128 

41.82 42.41 44.80 48.09 48.02 48.92 49.9% 60.89 61.76 
46.76 46.64 48.92 60.31 62.41 63.34 54.49 66.43 64.41 
43.71 60.49 63.06 64.56 64.81 67.82 59.04 60.11 61.09 
63.71 64.48 67.22 58.83 41.26 42.30 43.41 84.76 66.78 
67.76 68.62 41.44 85.16 66.72 66.83 ea.22 49.43 70.52 

39.12 

xz 
4%:69 
49.03 

~?:t 
%2:66 
47.46 
72.31 

70.20 70.93 74.39 
32.12 92.76 97.11 

116.67 114.06 121.36 
140.64 140.86 147.12 
147.02 147.12 174.39 

74.41 79.44 
99.44 103.42 

%% 
17a:ei 

:::4 
1a4:s7 

Bo.49 82.34 
104.31 lO%.S% 
130.43 133.10 

:EX:f :t:: it 

83.76 
108.72 
136.22 
143.27 
192.87 

87.11 
l12.83 
140.16 

E% 

88.29 
114.30 

:47z 
201:52 

184.7 194.6 196.8 194.9 134.8 203.1 W7.3 214.7 217.0 220.7 224.0 224.5 
216.2 224.1 226.4 224.3 223.9 233.3 

231.4 233.7 
238.7 244.2 248.7 262.9 264.6 259.4 

246.0 266.1 268.3 266.0 264.4 244.9 
244.8 247.3 

270.9 279.2 281.9 28%.4 
274.2 

290.8 2S3.7 
287.4 288.4 

299.8 
287.1 284.1 297.8 

302.4 
304.5 313.6 318.6 321.4 320.1 329.5 

308.4 321.1 ,322.3 320.6 319.2 332.0 
334.1 338.9 

339.4 349.2 362.4 368.0 362.9 364.6 373.8 374.8 

%*i 
460:s 
628.7 
411.1 

Es.; 2S.f 

4%8:7 449:6 
649.7 660.3 
%36.3 %36.% 

366.2 363.6 287.6 
391.1 399.0 401.4 
Ma.4 4e3.7 481.4 
644.8 643.0 683.7 
831.6 424.7 650.2 

384.3 389.7 

Ei 
690:3 

%: 
694:8 

(LBo.3 686.1 

396.7 
434.8 
614.4 
m3.4 
694.8 

406.0 
444.8 
628.3 

%Z:S 

412.9 
453.4 
638.1 
427.9 
722.5 

414.1 
464.7 
641.8 

%:t 

1084. 
1448. 
2287. 
2983. 
374%. 

. 

2373: :::t 

1126. 

Z% 

i% 3110: 3902. 

1117. 

zt * 
::?k 

go;: 
232s: 

::2 
2407: 

. gm: p4;. 

::z. 
2448: 

:z:. 
2497: 

3136. 3266. 
4000. 4074. 

1202. 

:i% * 
3247: 
4044. 

:f:l- 
2637: 

EZ: 

4661. 4717. 
6338. 6696. ft:. 

4718. 4%66. 4730. 4866. 
6802. 5624. 5881. 6764. 

4284. 4612. 4668: 462%. 043%. cell. 4498. 

401.1 

28.9 
411:2 
703.6 

3:. 
2648: 
3348. 
418%. 

:M:: 1262. 1900. 124%. 

2584. 2e22. iFi:* 

EC 2% . 3431: 4287. 

z:. 
%818: 

4956. 6012. 6080. 5101. 6100. 
5870. 

6197. 
6937. 4018. %04I. 

6826. 4903. 4997. 7022. y;. . y:. . 

183 

39.86 40.04 42.52 43.27 
42.42 42.69 46.18 45.97 
44.94 46.11 47.82 48.84 
47.43 47.69 50.42 51.28 
49.91 60.08 63.01 63.89 

64.83 64.97 68.16 69.10 
53.73 69.87 63.23 84.29 
e4.44 b4.77 ea.42 69.49 
69.68 69.70 73.59 74.71 
74.56 74.88 78.79 79.97 

as.73 69.81 94.64 96.03 
114.14 114.17 122.27 123.94 
144.09 144.01 161.47 163.46 
173.43 173.64 182.31 184.42 
204.75 204.80 214.79 217.44 

237.4 237.2 248.9 261.9 
271.4 271.3 284.6 287.9 
307.3 304.9 321.7 325.5 
344.4 344.0 380.4 3e4.6 
383.0 382.4 400.6 406.1 

422.9 422.3 442.2 447.1 
Qo4.2 483.4 486.2 490.6 
660.7 649.7 676.3 581.4 
642.3 841.1 870.4 477.4 
738.8 737.3 771.0 774.9 

:z : 1284. 1934. 1343. 2004. 136%. 

;zJ: 
2e70. 2746. z% 

3669. 3e44: 
. i.2:: 4434. 464%. 

6281. 5246. 6342. 4252. 6234. 4339. E&E.;. 

724%. 7244. 7357. 7660: 



F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

216 
ELECTROIIC 6TOPPIlQ POWI II UlITS OF HEV/tHG/Sq QI) AC 103s 

69 

wA 4= ac lzm 13LL lQS1 2oa 2zTI 24cR 2am 28”I lga 3zGE 34= 3aSR 40* 4zH0 4gRli dG *~.......+*........~...........*...*.~...**~....**.*..*....*~~*.*.......*~....********..~.~*..**.***.*..**..*.*****....***.*..**..*. 
2; 197.6 180.3 141.0 149.7 118.1 111.8 111.0 116.6 112.8 118.6 1% 2: 
El 

4:6 

198.2 193.4 164.4 fb7.1 124.0 113.4 118.1 117.4 119.7 119.4 107.3 106.8 69:l 69.9 

190.3 168.0 124.0 118.2 119.8 107.9 81.6 ii? . 

i:: 182.8 198.7 167.0 167.8 113.4 122.8 117.0 117.6 119.6 116.8 106.0 107.8 93.9 CC 87.4 ii:: 80.8 a1.1 78.1 3K 71.0 70.6 69.7 z:: 83:r 62 6 43.2 

7:o t-i 

179.0 166.7 121.6 116.1 118.0 107.3 ::*I: w 81.2 E-d 7313 71.2 Ef 

176.1 171.4 164.1 162.3 120.3 119.0 113.0 116.0 118.9 116.8 108.7 106.9 93:1 92.6 ii*: B9:l 67.0 8714 ii.3 a619 81.1 80.8 78.3 78:6 73.1 73.3 t: . to:4 70.6 2: 88.4 21 84:4 

2:: 

2:: 

8.0 144.2 148.4 114.2 111.3 113.3 104.0 
28 
11:o 

167.6 161.4 144.2 140.1 110.8 113.4 109.4 108.0 110.8 106.2 102.1 
146.7 136.1 107.9 103.6 106.7 lC$.; 

12.0 140.6 132.3 106.3 101.1 103.1 96:s 

16.0 127.1 121.9 98.1 94.3 St:8 1lg.g . 'O&f . E 2.; * Es w . z::: x . 2: tE 

2:: 2: 2t 46.9 7116 Et 69:7 2.: 8614 ii.: 6a:3 ii.: 68:s 61:0 .E 

74.76 74.01 84.97 62.72 44.49 61.66 64.84 63.86 63.10 63.26 60.38 Q8.18 48.67 44.16 48.07 46.26 44.43 43.36 
89.46 71.19 61.27 69.14 40.66 68.21 61.94 60.86 60.33 60.61 47.80 46.76 44.33 43.89 43.82 43.07 42.34 41.30 
86.32 47.04 6a.06 64.09 67.71 66.30 49.38 48.30 47.91 48.11 46.64 43.61 42.28 41.88 41.83 41.14 40.46 39.49 
81.81 83.49 66.24 63.39 64.96 61.74 47.12 48.20 46.77 46.99 43.63 41.70 40.43 40.09 40.04 39.42 3B.831 37.07 
68.37 90.34 62.76 61.00 61.60 60.48 46.12 44.26 43.68 44.06 41.74 40.01 3B.80 38.49 38.47 37.08 37.31 38.42 

46.0 66.63 67.69 60.63 48.87 60.32 48.42 43.32 42.60 42.14 41.37 40.13 38.46 37.32 37.06 37.04 38.48 36.96 36.10 
70.0 63.01 66.12 48.64 44.96 48.38 48.69 41.49 40.92 40.69 40.63 3B.86 37.09 36.98 36.74 36.74 36.22 34.72 33.90 

1oo:o it: 

48.73 60.91 46.10 43.84 44.98 43.40 38.80 36.18 37.90 Jg.14 38.14 34.66 33.66 33.44 33.46 33.00 32.66 31.80 

46.24 42.31 47.43 44.62 42.23 39.80 40.09 38.64 42.13 39.72 40.73 38.46 34.49 38.61 36.86 33.91 36.63 33.69 36.66 33.94 34.00 31.17 32.44 30.90 31.68 30.00 31.62 29.86 31.64 29.88 31.12 29.60 30.71 29.12 30.02 28.49 

160.0 32.76 34.64 31.68 30.61 31.66 30.49 27.66 27.18 27.03 27.26 26.88 24.89 24.17 24.11 24.14 23.68 23.66 23.14 
200.0 27.38 29.43 24.99 28.13 24.77 24.27 23.60 23.18 23.22 23.48 22.26 21.89 11.16 20.70 20.77 20.49 20.69 19.96 
%i 

360:0 

21.99 24.20 X.32 23.99 24.08 21.98 23.30 21.29 23.62 21.76 23.48 21.49 21.10 19.33 18.80 10.48 10.79 19.04 21.03 19.29 19.94 16.29 19.42 17.99 18.97 17.40 la.66 17.06 18.66 17.13 16.86 18.34 17.08 18.69 18.61 17.96 

20.37 22.27 20.44 19.79 20.28 20.00 16.00 17.34 17.78 17.96 17.08 16.77 14.23 16.92 16.99 16.73 16.94 16.42 

400.0 19.12 20.96 19.24 la.84 19.08 16.86 18.97 16.36 16.76 14.97 18.10 16.83 16.32 16.04 16.11 14.87 16.06 14.67 

2%:: 16.14 17.34 19.91 19.04 17.63 18.30 17.72 14.97 18.16 17.39 17.94 17.19 14.16 16.48 16.69 14.98 16.96 16.30 16.60 16.16 16.34 14.72 16.07 14.46 14.69 14.00 13.76 14.33 14.40 13.62 13.61 14.17 14.36 13.79 13.90 13.36 

. ...**.....*+.*...*.****.**.* 
WA SI TE 81 

60 62 64 
*(l*~+C....O.*..***..*.**.... 

2.6 49.26 44.91 48.89 

3.: 62.64 60.41 60.36 

410 
66.44 62.88 62.84 
67.24 64.46 64.40 

4.6 li8.64 66.91 66.86 

Ki 
8.0 

f : !  

69.44 68.79 68.73 67.10 64.89 64.06 62.64 SO.16 49.34 48.28 47.43 48.77 46.39 44.60 44.24 44.33 42.36 41.86 
SO.06 67.40 67.33 67.70 67.64 64.72 63.22 SO.90 60.10 49.01 46.18 47.62 48.16 46.67 44.99 46.08 43.06 42.64 
IN.43 67.76 67.72 64.09 67.97 66.17 63.48 61.41 60.43 49.66 49.73 46.06 48.74 48.16 46.66 46.64 43.67 43.08 
60.46 66.01 67.94 68.31 66.22 66.47 63.99 61.74 61.00 49.93 49.11 48.47 47.16 48.64 46.96 48.06 43.96 43.44 
80.73 668.10 6a.04 68.41 66.36 66.83 64.14 61.98 61.26 60.19 49.38 4a.74 47.44 44.64 48.24 48.33 44.22 43.70 

40.81 68.02 67.96 68.33 68.32 66.67 64.23 62.14 61.44 60.41 49.62 49.00 47.76 47.17 48.63 46.63 44.60 43.98 
60.12 67.87 67.81 67.99 68.03 66.44 64.04 62.03 61.37 60.37 49.69 49.00 47.78 47.22 48.67 48.66 44.63 44.01 
69.87 67.17 67.12 67.49 67.67 66.06 63.89 61.76 61.12 60.16 49.39 4B.81 47.63 47.10 48.43 48.62 44.40 43.89 
69.02 68.64 68.62 68.69 67.00 64.66 63.12 61.36 60.74 49.81 49.07 48.61 47.34 48.86 46.18 48.27 44.16 43.66 
68.31 66.90 66.66 68.22 64.37 63.98 62.48 SO.48 60.31 49.39 4B.64 Q8.12 47.01 48.61 46.84 46.93 43.83 43.33 

16.0 

28 

28 

68.02 63.74 63.71 64.07 64.28 62.00 60.86 49.12 4a.73 47.88 47.20 48.70 46.68 46.23 44.66 44.46 42.62 42.16 
62.26 60.19 60.19 60.63 60.81 48.82 47.73 48.32 46.91 46.18 44.66 44.11 43.21 42.84 42.18 42.24 40.36 39.92 
49.96 47.02 47.04 47.38 47.87 46.88 44.66 43.83 43.26 42.41 42.04 41.86 40.86 40.63 39.89 39.97 34.19 37.79 
46.06 44.24 44.29 44.40 44.93 43.24 42.38 41.24 40.93 40.32 39.80 39.44 38.71 38.44 37.63 37.90 38.23 36.88 
43.64 41.88 41.PO 42.20 42.64 40.99 40.16 39.13 38.86 38.29 37.61 37.48 34.81 38.67 36.98 33.@3 34.48 34.13 

% 

X*8 
1oo:o 

160.0 

%:8 

%:Z 

41.34 39.76 39.81 40.09 40.44 JB.99 38.20 37.27 37.01 36.60 38.04 36.74 36.11 34.91 34.34 34.41 32.91 32.69 
39.M 37.91 37.94 38.24 JB.69 37.22 38.4a 36.41 36.36 34.90 34.47 34.19 33.80 33.42 32.87 32.96 31.63 31.22 
37.89 38.28 38.32 34.69 38.94 36.84 34.96 34.13 33.92 33.47 33.07 32.80 32.26 32.08 31.64 31.83 30.27 29.98 
36.16 34.79 34.88 36.11 36.44 34.23 33.67 31.81 32.41 31.18 31.80 31.66 31.03 30.88 30.37 30.44 29.14 26.98 
34.77 33.47 33.63 33.78 34.13 32.96 32.33 31.81 31.42 31.02 30.46 30.42 29.91 29.79 29.30 29.37 26.12 27.66 

33.62 32.27 32.34 32.66 31.92 31.80 31.10 30.62 30.36 29.94 29.41 29.39 28.91 29.79 28.32 26.36 27.16 26.93 
32.38 31.18 31.26 31.48 31.82 30.74 30.17 29.62 29.38 28.99 28.48 28.44 27.99 27.88 27.42 17.49 28.33 24.08 
30.39 29.24 29.34 29.68 29.89 28.89 28.38 27.77 27.42 27.29 233.W 28.76 28.37 28.27 26.83 26.90 24.92 24.69 
26.49 27.83 27.71 27.P2 28.26 17.30 24.61 28.27 24.14 26.83 26.64 26.38 24.97 24.88 24.47 24.64 23.62 
27.23 286.23 28.30 28.61 24.Bl 26.94 16.46 24.98 24.64 24.67 24.29 24.11 23.78 23.86 23.30 23.38 22.39 ;;.f; , 

21.13 li.31 11.40 21.68 11.86 21.16 20.79 20.42 20.34 20.12 19.90 19.77 19.60 19.44 19.13 19.16 18.40 16.24 
19.09 18.43 la.42 16.68 18.83 18.24 17.94 17.44 17.68 17.40 17.22 17.11 14.88 18.63 14.67 16.62 16.39 16.86 
17.18 18.69 18.39 18.63 14.77 18.29 18.13 16.84 16.84 16.88 16.43 16.40 16.23 16.11 14.87 14.92 14.60 14.33 
16.80 16.28 lC.OB 16.14 16.38 16.00 14.66 14.69 14.40 14.44 14.22 14.20 14.04 13.94 13.72 13.76 13.46 13.23 
14.78 14.28 14.10 14.16 14.38 14.03 13.89 13.86 13.86 13.61 13.31 13.29 13.16 13.06 12.86 12.89 12.79 12.40 

%*Z 
6oo:o 

13.94 13.48 13.34 13.38 13.6a 13.27 13.14 12.92 12.93 12.79 12.80 11.68 12.46 12.38 12.i7 12.11 12.11 11.76 
13.31 12.68 12.73 12.77 12.94 12.87 12.64 12.33 12.34 12.21 11.04 12.01 11.89 ii.81 11.83 11.04 11.67 11.22 
11.79 12.36 12.23 11.27 12.46 12.17 12.06 11.86 11.87 11.74 11.67 11.66 11.44 11.34 11.19 11.22 11.11 10.80 

I............., ~.*+..+++*+*****.***. 
LA HI 9H GD a0 

67 69 62 64 67 
~*.***.*.*L.**l 

47.21 48.74 
60.71 60.30 
:6.;; ii.: 

Se:21 66:98 

~*,C.*.*.+CS***.****, 
44.02 41.84 40.22 
47.4S 48.04 43.69 
49.99 49.60 48.06 
61.79 60.29 47.8(1 
63.11 61.40 49.20 

ll4 Lu TA RE IR AU PB BI Ts 
69 71 73 76 77 79 a2 83 33 92” 

~*+*.******.++*+**+*.*~*****************~***.*****.*************..~*.* 
39.34 36.30 37.66 38.92 36.66 36.12 34.74 34.62 33.39 33.00 
42.71 41.42 40.84 40.19 38.81 38.30 37.64 37.96 36.34 36.92 
46.18 44.07 43.26 42.80 41.11 40.64 40.16 40.28 36.63 38.08 
47.00 46.69 46.07 44.40 43.01 42.44 41.93 42.02 40.17 39.70 
48.38 47.26 48.42 46.76 44.37 43.79 43.26 43.34 41.41 40.92 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

226 
UIGE II UlITS OF HC/SlJ QI AC IDBS 

89 

WA BE 
SC 12 

Isi AL SI CA TI CR F6 II aJ GE SE SR ZR Ho RB AG 
4 13 14 w 22 24 26 28 29 32 34 38 40 42 46 47 

. . ..+..+.***.C**....*......***~.*..**..*.************.~*.*.*.***.~*.***.**..***.******.*.*.*****.*.*****...*****~.*.***.*...*...*~*~ 

El 
8.610 0.210 8.776 8.760 8.690 10.227 11.060 11.004 12.010 12.490 12.740 13.660 14.110 14.690 14.910 16,147 16.598 16.000 
7.081 6.982 6.713 9.737 9.669 Il.339 12.341 12.993 13.418 13.909 14.288 16.309 16.867 16.601 16.747 17.067 17.724 18.069 

:.: 
7.862 7.720 10.630 10.702 10.626 12.410 13.687 14.271 14.769 16.296 16.767 16.886 17.620 18.222 18.491 18.899 IS.719 IS.989 

4:s 
8.228 8.441 11.639 11.667 11.448 13.466 14.807 16.649 16.087 16.943 17.206 18.417 19.130 19.885 20.176 20.616 21.628 21.871 
8.814 9.166 12.446 12.609 12.408 14.610 16.013 16.810 17.386 17.958 18.617 19.920 20.707 21.613 21.823 22.321 23.480 23.696 

9 411 9 887 I3 366 13 662 13.348 16.662 17.212 18.082 18.673 19.279 20.016 21.406 22.263 23.118 23.446 24.000 26.292 26.488 
:+ 10’020 10’682 14’270 14’620 14 292 16 694 18 410 IS 310 19 966 W 684 2l 404 22 879 23 8D6 24 708 26 063 26 661 2?.077 27 29@ 
6:0 IO:942 II:301 16:lSl 16:486 IS:242 IT:640 19:Oll W:SsO 2i:238 21:889 22:790 24:349 261343 Is:290 29:662 271313 28.544 2Ss:OlS 
8.6 11.277 12.027 16.122 16.469 16.200 18.691 20.816 21.813 22.622 23.190 24.176 26.819 29.879 27.869 29.247 28.969 30.600 30.771 
7.0 11.927 12.761 17.062 17.442 17.167 19.760 22.027 23.071 23.812 24.497 26.666 27.291.28.416 29.449 29.842 30.6M 32.348 32.619 

8.0 13.27 14.28 18.98 19.44 19.13 21.89 24.48 26.61 26.41 27.13 28.38 30.26 31.60 32.62 33.04 W.BO 36.84 35.02 
9.0 14.67 16.80 20.94 21.49 21.14 24.08 28.97 28.19 29.06 29.79 31.20 33.24 34.62 36.82 Xh27 37.22 39.34 39.64 

10.0 16.12 17.38 22.94 23.68 23.19 26.30 29.61 30.82 31.73 32.60 34.07 38.28 37.78 39.06 39.63 40.57 42.86 43.09 

:::8 
17.64 19.01 26.00 26.73 26.30 28.68 32.09 33.49 34.46 36.26 36.99 39.36 40.98 42.33 42.83 43.97 48.40 4S.68 
19.21 W.68 27.11 27.93 27.46 30.60 34.73 39.21 37.24 38.06 39.96 42.48 44.23 46.86 46.18 47.40 49.98 60.31 

16.0 24.27 16.00 33.78 34.86 34.22 38.18 42.96 44.70 46.88 48.74 49.17 62.19 64.30 66.93 66.63 68.02 81.02 61.61 
20.0 33.81 36.83 46.86 47.43 46.60 61.26 67.77 69.93 61.36 62.26 66.62 89.47 72.22 74.18 74.86 76.79 80.40 81.27 
26.0 44.66 49.84 69.18 81.28 80.00 66.67 73.92 76.60 78.17 79.08 53.43 88.16 91.66 93.83 94.60 96.98 101.11 102.44 
30.0 66.78 68.98 73.71 76.36 74.69 81.07 91.36 $4.37 $9.28 97.19 102.69 108.23 112.31 114.88 116.72 118.61 123.16 126.01 
36.0 70.10 72.21 89.38 92.60 90.61 97.71 110.06 113.61 116.86 116.63 123.04 129.84 134.43 137.28 138.18 141.41 146.66 148.99 

84 68 88 60 106 16 109 99 107 42 116 46 129.97 133.87 136.24 137.07 144.76 162.36 167.89 161.01 161.96 166.62 171.23 174.26 
%': 100'18 101'81 124'00 128'48 126'38 134'28 161 06 166 41 168 02 168.77 187 69 176 32 182 63 186 01 187 01 IS1 12 197 18 100 86 
SO:0 II6:87 118:lO I42:87 148:OO 144137 164:OS 173:28 I78110 180:94 181.90 191:82 201:62 We:63 212:26 213:29 217186 224136 228172 
66.0 134.62 136.36 162.76 168.67 164.38 174.93 186.61 201.90 W4.97 206.63 217.09 227.91 236.86 239.73 240.79 246.79 262.78 267.82 
80.0 163.39 163.63 183.60 190.14 186.31 196.76 221.02 228.80 230.09 230.63 243.49 266.48 284.27 268.37 249.46 274.91 282.33 288.12 

66.0 173.2 172.6 206.4 212.7 207.2 219.6 246.6 262.7 256.3 266.6 271.0 284.1 233.8 298.2 299.3 306.2 313.0 319.6 

%?I 
193.9 192.6 228.1 236.2 230.0 243.2 273.0 279.7 283.6 283.8 299.6 313.9 324.6 329.1 330.2 336.8 344.9 362.2 
238.2 236.1 276.3 286.9 278.3 293.3 328.9 338.7 340.9 340.7 369.8 376.7 389.3 394.2 396.3 402.6 4Il.S 420.8 

1%: 
286.2 280.9 327.8 339.2 330.1 348.8 388.7 397.6 402.2 401.6 424.0 443.6 468.2 493.6 454.6 472.9 483.1 493.7 
337.7 329.9 382.8 396.9 386.1 403.7 462.1 482.1 467.1 466.1 492.1 614.6 631.2 636.9 638.0 647.2 668.4 670.6 

160.0 843.4 618.7 703.2 728.6 708.0 734.3 820.2 838.2 843.4 839.0 $86.4 923.7 962.7 969.8 960.4 974.8 991.3 1012.4 
200.0 1021.4 971.1 1091.0 1127.0 1096.1 1133.0 1263.8 1288.9 1296.2 1286.2 1367.0 1403.8 1449.6 1488.1 1486.7 1486.6 1500.1 1638.7 
260.0 1469.9 1376.2 1633.9 1684.4 1642.3 1687.3 1769.4 1806.0 1808.7 1793.9 1892.8 1848.1 2012.6 W41.3 2038.7 2098.3 1076.3 2134.7 
300.0 1948.6 1823.9 2024.1 2090.9 2037.2 2089.2 2327.6 2383.1 2376.0 2363.6 2482.8 2648.0 2833.0 2674.3 2069.2 2709.6 2707.9 2789.6 
360.0 2481.0 2311.3 2666.6 2839.4 2673.6 2632.8 2931.6 3010.6 2987.4 2968.4 3120.6 3198.6 3303.3 3367.8 3349.7 3401.3 3390.8 3496.6 

400.0 3062. 2833. 3124. $2;. ;;Hf. 3213. 3676. 3903. 3800. 3888. 4086. 4138. 
460.0 
600.0 

y:. wy;: g. 
. 4496: 4386: 

3679, 2%~ ;fE. 4268. 4384. 
soso: :z: 

4617. 4818. z::. 
. 4968. 6121. 6268. 6379. 6669: 

4862. 23~ 4913. %3. %:- 
6664. 6636: 6724. 6983: 6864: 

*.***.**~****.~.*+*..***.~*.*.***.~**************.*.***~***~***.**..*.****~.*.****..*.~***.*~.***.*.*..*.*~.**...***~.**~*.***~***~~ 
E/A SU TE BA LA 6sF’R SH e4GD ED 691?l 7iLU 73TA 76ffi nIR 7sAU 82pB =BI golll s2U 

60 62 68 67 82 67 
*.****1***..*1*........~~****....*********.**~****.*.*~.~.***.*.**.*********..**~******.*.*.*.*****.*...**~*****.*..**..*.***..**... 

::: 
16.79 17.41 18.77 19.12 19.81 20.80 21.39 22.16 22.80 23.03 23.48 23.96 24.43 24.86 26.43 26.84 27.46 28.03 
18.99 19.72 21.08 21.41 22.13 23.26 23.92 24.83 26.33 26.84 29.36 28.87 27.46 27.92 28.62 28.72 30.67 31.29 

3:: 
21.06 21.89 23.26 23.68 24.31 26.68 28.30 27.33 27.89 28.47 29.02 29.68 30.28 30.77 31.40 31.80 33.68 34.33 
23.08 23.$8 26.36 26.66 28.40 27.77 28.68 29.73 30.33 30.98 31.68 32.17 32.92 33.47 34.14 34.33 38.63 37.22 

4.6 26.00 28.02 27.39 27.68 28.43 29.91 30.78 32.06 32.99 33.38 34.02 34.86 36.60 36.08 36.78 36.96 39.29 40.01 

2: 
26.91 28.01 29.38 29.68 30.43 32.01 32.94 34.31 34.99 36.73 38.42 37.09 38.00 38.62 39.36 39.63 41.97 42.72 
28.79 29.98 31.36 31.62 32.39 34.08 36.07 39.63 37.26 38.06 38.77 39.48 40.48 4I.Il 41.87 42.04 44.81 46.39 

6.0 30.66 31.94 33.31 33.67 34.34 38.13 37.17 38.73 39.48 40.33 41.09 41.83 42.88 43.66 44.36 44.62 47.20 48.02 

P:i 
32.61 33.88 36.26 36.60 36.27 38.16 39.26 40.91 41.70 42.69 43.39 44.16 46.28 46.98 49.82 48.98 49.77 60.82 
34.37 36.82 37.19 37.43 38.20 40.18 41.34 43.08 43.90 44.84 46.67 48.47 47.68 48.39 49.28 49.41 62.32 63.20 

8:: 
38.08 39.69 41.07 41.28 42.06 44.23 46.49 47.40 48.28 49.31 60.22 61.07 62.38 63.18 64.10 64.26 67.39 68.33 
41.80 43.68 44.97 46.16 46.93 48.27 49.66 61.72 62.66 63.77 64.76 66.56 67.09 67.94 68.93 69.07 62.46 $3.44 

10.0 46.66 47.60 48.89 49.04 49.82 62.36 63.82 69.06 67.04 68.26 69.30 80.26 61.80 82.71 $3.77 63.90 97.61 $8.66 
11.0 49.34 61.46 62.86 62.98 63.74 68.46 68.03 80.42 61.46 82.76 '33.87 94.89 83.64 67.60 $8.63 59.76 72.69 73.70 
12.0 63.18 66.46 66.86 58.96 67.71 80.60 62.28 64.82 66.91 87.28 88.47 89.64 71.31 72.32 73.62 73.63 77.70 78.87 

16.0 64.98 67.77 89.17 89.20 89.91 73.33 76.32 78.30 79.64 81.16 82.66 83.77 86.87 87.03 88.46 88.63 93.31 94.66 
W.0 86.78 89.43 90.84 SO.72 91.34 96.66 98.16 101.86 103.32 106.36 107.08 108.66 111.18 112.68 114.39 114.42 120.43 122.08 
26.0 108.03 112.60 114.01 113.73 114.21 119.43 122.48 128.90 128.67 131.00 133.08 134.81 137.97 139.69 141.82 141.80 149.09 161.06 
30.0 131.74 137.28 138.67 138.22 138.63 144.70 148.29 163.43 166.32 168.18 160.60 162.68 166.27 168.IO 170.79 170.71 179.34 181.62 
36.0 166.88 163.43 184.80 164.17 184.27 171.43 176.68 181.46 183.64 188.80 189.61 191.86 186.09 188.12 WI.30 201.16 2lI.18 213.79 

40.0 183.4 191.0 192.4 191.6 191.4 198.6 204.3 210.9 213.2 218.9 220.1 222.6 227.4 229.6 233.3 233.1 244.6 247.6 
46.0 21L.3 220.0 221.3 220.3 219.9 229.1 234.6 241.8 244.3 248.4 262.0 264.8 260.2 282.6 296.8 299.6 279.6 282.8 

EC"0 
240.6 260.4 261.6 260.4 249.7 280.0 268.0 274.1 278.8 281.4 286.4 288.4 294.3 299.9 301.7 301.4 316.9 319.6 

80:o 
271.0 2B2.0 283.2 281.8 280.8 292.2 298.8 307.7 310.8 316.7 320.1 323.4 329.9 332.7 338.1 337.6 363.8 367.9 
302.7 316.0 316.2 314.4 313.2 326.8 333.0 342.7 346.8 361.3 368.1 369.7 386.8 369.8 376.8 376.3 393.1 397.6 

86.0 336.7 349.3 360.3 348.3 346.7 390.6 398.4 378.9 382.2 388.2 393.6 397.3 406.1 408.2 414.9 4I4.2 433.8 438.6 
70.0 399.8 394.7 386.7 383.6 381.6 399.6 406.1 418.4 419.9 428.4 432.1 436.2 444.6 447.9 466.3 464.6 476.9 481.1 

it8 
44i.8 469.3 460.1 467.3 464.6 472.1 482.1 496.0 499.0 SW.4 613.1 617.8 627.6 631.1 639.9 638.9 664.0 670.0 

1oo:o 
617.8 638.6 639.1 636.7 632.0 662.2 693.7 678.4 682.8 691.2 698.8 804.2 616.3 619.2 829.4 628.2 657.2 894.0 
698.4 622.1 622.6 618.4 813.7 $36.8 649.9 956.3 871.1 880.6 669.2 696.2 707.7 711.9 723.7 722.3 766.3 763.0 

i%: E 
1168. 

260:0 2233: 
1763. :::i. ::Et :E. :% 

1234. 

;W;. 2449: 2478: ;;J$ 2624: 
1867. 
2661. 

300.0 2918. 
3978: . %? zi:. 4087: 

3286. 3331. 3360. 3404. 
360.0 3966. . 4106. 4190. 4184. 

400.0 g4& %I. gig. zf. 4642. gI;. 4737. 4826. 4836. 4891. 4966. 4977. 6041. 6071. 6163. 6138. 6232. 6371. 

Z?: 6128: 6361: 83W: $394: %2 $448: 
6914. 6718. 6726. 6792. 6870. 6893. 6966. 

. 6630. 6849. -66. 6732. $824. 6849. zx %E 8931. . . E%: . %- e361* 7374. 
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F. HUBERT, R. BIMBGT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROIIC STOPPIIG POWER II USITS OF IiEV/(lIG/SQ a) 

WA I8 
ec 12 

w AL SI CA n cn Fx II co GX SE SR m  
4 20 

Ho 
13 14 22 24 26 28 29 

Bn 
32 34 38 40 42 46 4:= 

++......*...++.*++...*..**..**.***~******.*.***********..*.*.***~****..***...****~..***.*.**.*****..***...*.*~.***~...~*~**.......** 

3:6 34 
198.1 141.0 118.9 112.8 113.8 76.8 70.9 
lee.8 198.6 IW.? 166.8 

69.6 
121.8 124.6 118.6 118.4 117.6 119.7 I&? 108:7 3 2: 86:1 ::: 

67.1 

189.1 
186.3 
181.6 

:;3:5 

169.6 124.7 
168.7 123.9 
167.6 122.8 
166.9 121.6 
164.2 120.4 

129.3 
112.2 

76.18 T1.39 88.09 
71.00 72.61 82.34 
88.80 98.32 69.09 
02.82 84.69 68.23 
68.63 81.61 63.71 

60.84 
64.08 
49.73 

2X 

61.48 
w.44 

xt 
40:68 

49.77 
47.82 
44.47 
41.67 
39.29 

33.44 36.67 32.22 
27.97 30.18 27.66 
24.73 26.88 24.67 
22.48 24.61 22.46 
20.81 22.m 20.88 

19.64 21.41 19.88 19.04 

:t 5: E:S :BT::: :;:i: 

66.69 
61.92 

K3 
63.48 

61.26 

2:: 

ii::; 

31.31 

E-Z 
21:96 
20.43 

19.60 
18.66 
17.77 

78.6 

2:: 

T?: 

E.b 
71:o 
70.8 
8B.6 

70.9 
70.2 

EX 
68:s 
63.3 
60.1 

t%i 
64.6 83.0 0.8 

Ei 
49:6 

64.13 
61.37 

Z% 
44s:88 

61.21 
48.61 
MO.32 
44.30 
42.48 

48.90 
40.62 
44.36 

%I: 

47.44 48.92 
46.07 44.62 
42.99 42.69 
41.14 40.7s 
39.48 39.17 

48.83 
44.66 

ii% 
39:lS 

it*: 
41184 
40.11 
38.64 

40.88 
39.38 
36.81 
34.66 
32.79 

37.99 
38.63 
34.27 
32.28 
30.67 

37.71 

E2 
32:11 
30.43 

37.70 
38.38 

%% 
30146 

28.14 27.71 27.67 
24.09 23.94 23.70 
21.66 20.92 21.23 
19.74 18.99 19.46 
18.39 17.71 18.14 

26.40 26.39 
g.j; 

18:88 

g.2: 

18138 
17.42 17.13 

37.13 36.69 
36.86 36.34 
33.60 33.16 
31.70 31.28 
Jo.08 29.87 

27.83 

xi 
19:70 
18.37 

24.86 24.69 24.62 24.36 24.04 
21.60 21.13 21.20 20.91 21.12 

K‘: 
16:68 

:P:B 
la: 28 

:;3 
1e:34 

:t.:: 
IL07 

x0 
1e:z9 

17.11 17.34 18.46 16.17 16.86 16.36 16.43 16.19 
16.30 16.61 16.87 16.40 14.91 14.84 14.71 14.48 
16.63 16.84 16.04 14.77 14.30 14.08 14.13 13.91 

69.8 
66.8 
62.2 
49.1 
48.4 

z:: 
32:39 
30.68 
29.03 

86.1 
64.9 

66.78 64.68 

47196 6g.y :;.g 47101 
46.92 46.04 

43.27 

:E 
14:09 

17.34 
18.60 
16.82 

16.72 

:::i: 
. . . . . . . . . . ..*...*..*.*******.***.......***.****..**..*..*****~.***...**.*****..***.*.******...**...*.*.*.*..**.***..*.*******...*.** 

X/A 9 TX BA LA PR SH CD 80 'IN LU TA RE IS AU F9 BI Tfl U 
60 62 66 67 69 62 e4 67 69 71 73 76 77 79 82 83 w 92 

. ..*..*.*..*.I.~~*.**...*..*....~**~..*..*~**..**.*.***..***..~*~*~.~*.**..**.......**..*.**.***..**.*****~.**.**~********.......~.. 
49.60 47.16 47.13 47.44 40.97 44.24 42.86 40.42 39.54 38.49 37.74 37.10 36.76 36.29 34.91 34.99 33.66 33.17 
63.20 60.72 W.88 61.02 60.60 47.78 40.32 43.86 42.96 41.87 41.08 40.43 39.04 38.63 38.09 38.18 39.66 39.13 
66.83 63.26 63.21 63.66 63.20 60.33 48.83 W.36 46.49 44.37 43.66 42.89 41.49 40.94 40.46 40.66 38.79 38.34 
67.70 66.07 66.02 66.37 66.07 62.18 60.67 40.22 47.36 48.13 46.41 44.73 43.33 42.76 42.24 42.33 40.47 39.99 
69.03 68.37 66.31 68.67 68.42 63.64 62.01 49.69 18.76 47.63 48.79 lb.12 44.72 44.14 43.69 43.89 41.74 41.26 

69.98 67.29 67.22 67.69 67.38 64.61 62.99 60.81 49.79 W.67 47.83 47.18 46.78 46.18 44.82 44.71 42.71 42.20 
do.80 67.92 67.86 68.22 66.06 66.21 63.70 61.36 60.66 49.44 W.61 47.96 48.68 46.98 46.39 46.48 43.43 42.92 
61.01 68.33 68.26 68.84 68.61 66.69 64.19 61.89 61.11 60.01 49.18 48.62 47.17 48.67 46.97 40.06 43.98 43.46 
61.24 68.68 680.61 68.88 68.79 66.00 64.61 62.28 61.60 60.41 49.69 W.B4 47.81 47.01 46.39 46.49 44.38 43.86 
81.36 68.69 68.62 69.00 68.94 68.18 64.70 62.60 61.79 60.69 49.87 49.23 47.91 47.32 48.70 40.79 44.66 44.13 

81.26 68.63 68.67 68.96 68.94 68.26 64.81 62.68 61.98 W.94 60.14 49.62 48.24 47.67 47.02 47.11 44.98 44.43 
80.8B 68.31 68.26 68.63 68.67 68.06 64.84 62.80 61.94 60.92 60.13 49.63 48.30 47.74 47.08 47.17 46.01 44.49 
SO.36 67.83 67.77 68.16 68.23 66.88 64.30 62.34 61.70 M).72 49.96 49.38 48.17 47.83 W.96 47.06 44.90 44.38 
69.73 67.24 67.18 67.66 67.87 66.19 63.84 61.96 61.36 W.40 4B.84 49.07 47.92 47.39 46.72 48.80 44.66 44.16 
69.02 66.68 68.63 68.90 67.06 64.63 63.31 61.4s W.91 49.99 49.26 48.70 47.68 47.07 48.39 46.48 44.36 43.86 

68.76 64.44 64.41 64.77 64.98 62.73 61.60 19.86 49.36 48.49 47.80 47.30 48.27 46.81 46.13 46.22 43.18 42.88 
63.01 W.89 W.89 61.23 61.61 49.49 IO.39 W.BB W.64 46.78 46.18 44.72 43.81 43.42 42.78 42.84 40.91 40.47 
49.87 47.71 47.73 W.08 18.37 W.63 46.63 44.27 43.91 43.22 42.66 42.26 41.44 41.11 40.47 40.66 38.74 39.33 
W.76 44.94 44.97 46.28 46.62 43.82 15.00 41.84 41.66 40.93 40.40 40.04 39.29 39.02 38.40 38.48 39.78 36.39 
44.23 42.62 42.68 42.86 43.21 41.83 40.78 39.74 39.46 38.89 38.40 38.07 37.38 37.14 38.64 34.62 36.02 34.66 

42.01 40.40 40.46 40.74 41.09 3B.62 38.82 37.87 37.61 37.08 38.82 39.32 36.68 36.46 34.89 34.97 33.46 33.11 
40.06 38.63 38.69 38.87 38.22 37.83 37.08 36.20 36.96 36.47 36.04 34.76 34.16 33.97 33.41 33.49 32.04 31.72 
38.33 38.87 36.93 37.20 37.66 36.14 36.63 34.71 34.49 34.03 33.62 33.36 32.79 32.82 31.09 32.18 30.78 30.49 
36.78 36.39 36.46 36.71 36.07 34.81 34.14 33.37 33.17 32.73 32.34 32.09 31.66 31.40 30.89 30.96 29.64 29.36 
36.38 34.06 34.12 a.37 34.72 33.62 32.89 32.16 3i.97 31.68 31.18 W.B4 30.44 30.30 28.80 29.87 28.80 28.33 

34.12 32.84 32.91 
32.B8 31.73 31.81 
W.B4 2B.80 29.87 
29.23 28.i6 28.21 
27.74 28.72 18.80 

22.67 21.76 21.82 
19.48 16.81 18.79 
17.64 16.93 18.74 
l8.14 16.68 16.40 
16.08 il.66 14.40 

33.16 
31.04 

FE: 
a7:OO 

33.60 32.36 31.76 31.06 
32.39 31.19 30.71 30.06 
30.44 20.41 28.87 39.27 
28.77 n.81 27.31 28.78 
27.33 26.43 16.S8 26.44 

ix 
27178 
28.31 
26.03 

20.62 
17.76 

Et 
is:80 

30.13 29.94 29.42 29.29 28.81 
2B.17 28.96 28.49 28.37 27.90 
27.46 27.27 29.84 28.74 28.30 
26.01 26.82 26.43 26.34 24.92 
14.76 24.67 24.21 24.13 23.73 

28.88 27.86 
22.;; g.;g 

24199 23:96 
23.79 22.81 

10.30 20.18 19.08 19.82 19.61 19.66 18.70 
17.67 17.46 17.23 17.17 18.91 18.96 16.72 
16.76 16.72 16.64 16.42 16.18 16.23 16.11 
14.62 14.60 14.34 14.23 14.01 14.06 13.96 
13.80 13.67 13.43 13.33 13.12 13.17 13.06 

22.28 21.67 21.20 20.83 
IS.21 18.81 18.30 18.oD 
17.12 16.63 16.48 18.17 
16.88 16.32 16.17 14.BO 
14.67 14.33 14.19 13.B4 

14.28 13.77 13.83 13.87 13.88 13.66 13.42 13.20 13.21 13.08 12.88 12.86 12.72 12.63 12.43 12.47 12.37 12.00 
13.80 13.14 13.00 13.06 13.24 il.94 12.81 12.W 12.81 12.47 12.30 12.27 12.16 12.07 11.88 11.01 11.82 11.47 
13.08 12.62 12.60 12.64 12.73 12.44 12.31 12.11 12.12 11.00 11.83 11.80 Il.&B 11.81 11.43 11.48 11.38 11.03 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

BAIGE II UlITS OF m;/SG a! 
232 

TB 101s 
so 

EfA BE 
ec 12 

m AL SI CA TI ca FE %I W GE SE SR 2JI Ho B% 
4 13 14 20 22 24 2% 2% 29 32 34 36 40 42 46 4;" CCt**.**..***.***.....**.*.***..*******.***.*.**.*.**.********************‘****.***********.*********.*.**********..*.*..***.*.*.*** 

2: 6.660 7.242 4.360 7.142 4.963 9.923 4.940 9.960 4.740 9.742 10.462 11.647 11.290 l2.412 11.46% 13.24% 12.270 13.712 12.730 14.214 13.020 l4.04 13.960 IS.447 14.420 14.211 16.007 14.864 16.230 17.113 16.471 17.430 16.931 14.340 
14.111 14.44% 

i.5 
4:6 

7.824 8.412 7.89% 4.436 10.441 11.749 10.937 11.913 10.769 11.724 12.08% 13.706 13.887 16.136 14.647 16.494 lS.OS% 10.444 16.033 17.012 14.121 17.692 17.244 14.431 17.913 19.641 I%.%24 10.329 W.423 14.499 19.244 21.072 20.164 22.10% W.438 22.364 
9.009 9.396 12.716 12.446 12.683 14.433 l%.3%% 17.183 17.77l 1%.3%7 19.03% 20.30 21.173 21.994 22.30% 22.417 24.002 24.220 

4:0 E.0 
9 61% 

10'23% IO:%%% 
10 092 
11:664 10'421 

13.%43 13 46% 
16:%20 14'436 

13.%43 16 497 
1%:02% 14'361 

17.633 1% 4%2 
21:012 19'737 

lQ.O%% 19 707 
22:369 21'010 

10.493 21 446 
241493 23'392 

22 743 
26:SlO 24'340 

23 434 
26'26% Is:%74 

73.987 24 633 
2%'23l 27:91% 

26 866 
14 16:617 67% 14 16:679 07 1% W:tM 416 2l:706 W 39% 21 23:%7 442 26 27:242 %09 27'679 29:4%6 

10.063 
29.440 27.444 

6.6 11.616 Il.294 14.469 16.613 16.663 19.101 21.271 22.291 23.016 23.700 24.713 2%.393 27.477 28.447 28.471 29.699 31.277 31.449 
7.0 12.176 13.042 17.424 17.416 17.639 W.141 22.607 23.676 24.332 26.033 16.131 27.496 29.046 M.099 JO.499 31.27% 33.0%2 33.236 

1o:o 82 

13.64 14.67 19.37 19.46 19.64 22.37 26.01 20.17 28.99 27.72 24.99 Jo.92 32.20 33.33 33.76 34.64 30.62 33.41 

14.96 16.44 16.13 17.74 21.37 23.42 21.94 24.07 21.69 23.6% 24.69 24.6% 27.64 30.13 31.47 26.60 32.41 29.67 30.44 33.19 31.87 34.40 33.97 37.0% 36.37 38.69 58.69 39.49 37.06 40.37 38.03 41.44 40.19 43.7% 40.40 44.02 

:::: 17.3% 13.67 19.40 21.10 26.61 27.6% 24.2% 24.60 26.42 24.01 29.1% 31.64 32.76 36.46 34.19 Jb.97 36.1% 36.01 36.99 38.44 37.77 40.40 40.19 43.3% 41.46 46.17 43.23 4%.62 43.74 47.16 44.90 48.41 47.33 61.06 47.67 61.3% 

16.0 24.70 2.%.61 34.41 36.63 34.49 38.93 43.43 46.60 46.41 47.63 60.1% 63.26 66.42 67.0% 67.69 69.21 62.2% 42.7% 
20.0 34.37 30.4% Qb.70 4%.3l 47.38 62.24 64.4% 61.09 62.66 %3.47 68.90 70.43 73.64 76.64 76.34 74.31 41.99 42.88 
26.0 46.37 47.44 0.24 62.3% 61.09 W.74 76.2% n.32 79.63 80.67 46.00 49.43 93.29 96.61 9%.40 34.81 103.04 104.39 

ZE:: 71.12 67.93 733.36 69.96 74.9% 90.4% 77.97 94.16 76.99 92.04 42.62 99.40 ill.97 92.99 116.49 96.07 117.68 98.02 ll4.64 98.96 126.21 104.46 110.21 131.94 114.37 136.42 116.99 139.73 117.46 140.66 120.70 143.94 126.44 149.1% 127.32 161.%4 

40.0 85.77 87.83 107.63 Ill.76 109.16 117.39 132.17 136.14 134.66 139.41 147.24 164.98 160.62 163.40 104.78 164.61 174.23 177.31 
46.0 101.6% 103.32 126.97 130.61 127.40 136.49 163.66 167.9% 160.64 161.42 170.60 179.29 166.72 169.I7 190.1% 194.37 W0.66 204.29 
50.0 118.44 119.81 146.09 160.31 14%.%4 164.67 176.07 180.36 183.8% 144.67 194.9% 204.84 2l2.08 216.76 216.84 221.48 226.12 232.66 
66.0 136.38 l37.2T 166.23 17i.16 166.49 177.6% 139.71 206.11 W8.23 W8.82 220.6% 231.69 239.67 243.42 244.71 249.80 266.90 262.06 
80.0 166.36 166.67 186.34 192.99 148.11 199.78 224.44 230.32 233.66 234.16 247.32 269.60 286.46 272.46 273.76 279.31 288.67 292.7% 

46.0 176.3 176.0 208.4 216.8 210.3 222.6 260.2 266.6 260.2 260.6 276.2 244.6 2S8.4 302.6 304.0 310.0 314.0 324.7 
70.0 196.3 196.2 WI.4 W3.4 233.4 246.8 277.0 283.9 267.7 287.9 304.1 318.7 329.6 334.2 336.3 341.8 360.3 367.1 

1oo:o i2.8 

241.1 2js.2 280.1 290.0 282.3 297.6 333.7 341.6 346.3 346.7 36.1 382.3 396.1 400.1 401.2 408.7 4l4.l 427.1 

289.4 341.6 334.0 264.6 332.3 387.9 343.9 401.3 334.4 390.3 409.3 361.7 394.2 466.3 403.2 QB4.6 407.9 473.7 407.3 472.6 430.1 499.0 460.0 621.8 464.6 638.4 470.3 644.6 471.4 646.6 473.8 666.0 490.2 666.4 600.9 678.6 

160.0 460.4 626.4 711.8 736.8 714.7 743.6 830.6 446.4 864.1 849.8 694.7 936.4 986.0 972.2 972.6 987.3 1004.3 1026.6 
200.0 1031.9 Sal.7 1103.6 1140.1 1107.4 1146.4 1278.4 1302.2 1310.7 1301.6 1373.3 1420.4 1467.1 1484.0 1483.6 1603.7 1618.6 1667.6 
260.0 1474.6 1389.7 1660.9 1602.0 1669.6 1606.3 1749.4 1426.6 lB23.3 1814.4 1914.3 1370.6 2036.8 2066.0 2062.4 W92.4 W99.6 2169.7 
300.0 lW7.7 1642.6 W46.8 2113.0 2069.1 2112.0 2363.0 1409.2 2401.2 2379.6 2610.2 2676.4 2692.3 2704.2 2699.0 2739.9 2734.4 2420.9 
360.0 2604,s 2334.9 2642.2 2687.0 2000.6 2480.6 2962.7 3042.4 3G19.4 2990.1 3164.1 3231.0 3339.0 3394.2 3346.0 3436.3 3427.4 3633.7 

%E 
60010 

3041 3491. I 3417. 2461. 3166. 374l. 3269. 3884. 3179. 3789. 3246. 5864. 3 4142. 
4331. 4000. 4396. 4646. 4428. 4611. 6018: 

3717. 4429. z;:. 
6101: 

z%: Ed? 
6319: 

3429. 446%. 4820. 4060. 4129. 4903. 4117. 488%. 4161. 4934. 4292. 6090. 
6173. 6046. 6434. 6416. 6712. 6693. i%: 6741. 6924. 

.+...............,......*.............................................................................................,....*......., 
E/l Sp TE B4 LA F'S SH CD 80 l?l LU TA RE Iii AU PB BI III 

60 62 66 67 69 42 44 97 99 71 73 76 77 79 62 83 90 92” 
**.*..**.*.*......*................*...*.*........***..*.....*.**.*.*...........*.......**....**..*................*....*......*.... 

2: 17.14 19.40 17.77 W.l4 19.16 21.62 21.86 19.61 20.22 22.69 21.23 23.74 21.43 24.43 22.80 26.36 23.06 26.87 23.61 26.33 23.37 26.91 24.46 27.46 24.36 28.04 26.33 26.63 26.97 29.14 24.18 23.36 26.03 31.33 26.62 31.96 

::: 21.62 23.6% 22.36 24.60 23.76 26.90 24.08 2%.21 24.63 26.97 26.11 26.37 29.19 26.66 27.92 30.37 26.49 x).99 31.%4 29.08 32.26 29.46 30.23 32.87 30.92 33.66 34.21 31.44 32.09 34.90 32.29 36.09 34.41 37.33 36.07 35.03 
4.6 26.66 24.68 27.96 26.28 29.06 30.6% 31.46 32.74 33.40 34.11 34.77 36.42 36.29 36.66 37.60 37.?6 40.16 40.49 

6.0 27.60 26.63 30.02 20.31 31.08 32.71 33.6% 36.06 36.76 38.62 37.22 37.91 38.46 39.4% 40.23 40.41 42.90 43.67 
6.6 29.42 30.64 32.04 32.3l 33.09 34.82 36.63 37.33 38.07 34.66 39.62 40.36 41.3% 42.02 42.80 42.9% 46.69 46.33 
fx 

7:o 

33.23 31.33 32.63 34.62 34.03 Jd.02 34.29 50.27 36.08 37.06 js.91 34.99 37.98 40.12 39.68 4l.W 40.36 42.41 41.21 43.62 41.99 44.34 42.76 46.13 46.28 43.63 44.63 47.01 46.34 47.46 46.61 48.02 48.26 60.87 '61.73 43.06 

36.12 36.60 36.00 38.24 39.03 41.0% 42.24 44.02 44.66 46.82 48.67 47.60 48.71 49.47 60.34 60.60 63.48 64.37 

1o:o 2: 

36.90 40.66 41.96 42.17 42.97 46.16 48.48 48.43 49.32 60.38 61.31 62.19 63.63 64.36 66.23 66.44 68.46 69.60 

46.63 42.70 48.61 44.61 49.93 46.93 60.09 44.11 48.91 60.88 49.31 63.4% 64.97 60.71 67.26 62.83 68.2% 63.79 64.93 69.60 60.67 66.34 61.67 64.8% 83.14 64.34 84.07 69.21 80.22 66.16 66.29 60.36 83.81 68.97 84.42 70.04 
11.0 SO.33 62.64 63.96 64.10 64.86 67.66 69.26 61.70 62.77 44.08 46.23 86.28 67.37 46.9% 70.11 70.23 74.16 76.2% 
12.0 64.30 66.62 68.04 64.16 68.92 61.67 83.69 48.19 67.30 88.71 69.92 71.02 72.83 73.67 76.09 76.20 73.36 80.66 

16.0 %%.32 69.16 70.69 70.61 71.36 74.64 76.87 79.92 41.18 62.84 44.26 86.62 87.66 88.86 90.29 90.3% 36.26 98.63 
20.0 67.47 91.20 92.64 92.62 93.16 97.64 100.11 103.89 106.3% 107.46 109.22 110.74 113.42 114.66 116.69 116.72 122.86 124.64 
26.0 110.09 114.76 116.13 116.31 118.40 121.73 124.83 129.34 131.06 133.63 136.66 137.43 140.66 142.31 144.69 144.66 161.99 164.00 
30.0 134.16 139.42 141.24 140.79 141.11 147.40 161.06 166.30 168.22 161.12 163.62 166.64 149.41 171.28 174.02 173.94 142.74 166.0% 
36.0 169.70 194.37 167.77 147.13 197.26 174.64 I74.77 184.76 164.49 190.21 193.08 136.37 199.69 201.77 W6.00 204.46 216.07 217.74 

Zi:: 186.6 214.9 194.4 223.8 196.7 226.1 224.1 194.9 223.7 134.6 203.1 233.1 207.9 234.6 214.7 246.0 244.6 217.0 220.6 262.8 224.0 266.4 226.6 269.2 264.7 231.6 233.7 267.2 237.6 271.6 237.3 249.0 262.0 
271.2 284.4 287.6 

6o:o E8 
244.6 264.4 266.6 264.6 263.3 264.4 270.6 274.7 241.6 286.2 230.2 233.3 299.4 x)2.0 306.9 3CN3.6 321.4 
276.4 307.4 

326.1 
284.7 320.1 321.3 287.9 319.6 286.4 316.2 246.4 297.l 331.1 303.8 336.4 312.8 348.3 316.6 361.4 320.9 367.0 326.4 362.0 328.6 386.4 336.6 372.3 338.3 376.9 343.8 382.0 381.6 343.3 363.8 399.6 343.9 

404.1 

%:: 341.0 376.4 364.6 390.7 366.9 391.6 363.3 589.6 362.3 387.6 366.3 402.7 374.3 411.6 423.0 386.0 386.4 426.4 394.4 433.1 599.4 434.9 403.4 443.2 411.7 461.7 414.8 466.1 421.6 482.6 421.0 441.4 440.9 483.6 446.6 444.8 

1oo:o %8 

440.3 4%%.3 467.1 4%4.2 Ml.4 479.3 489.6 602.6 604.6 614.2 621.0 626.8 636.7 633.4 646.2 647.3 672.7 678.9 

607.0 626.6 431.0 646.4 %31.4 647.0 %27.4 643.% 622.6 639.9 RIO.4 446.1 672.1 669.3 979.0 667.0 680.9 631.6 6tW.l 690.6 607.8 999.3 413.3 706.4 624.6 718.1 428.6 722.4 638.9 734.3 637.7 732.3 467.1 766.4 674.1 774.3 

160.0 :I%? 1116. 1116. 1107. 109%. :::;. 1168. 1206. 1221. 1267. 127%. 1276. 1331. 1344. 

3Go:o ii:.: pm&l : 

1693. 

3070: :E. 

1978. 1669. 

2379: 

1743. 
::x:. ::t: . 

247%: :8%: 

:i%. 

2664: 

:Eii. 
1914. 1943. 

3tmo. 2346. E:? $33;. 2439. 2716 . 
360.0 3696: 3831. 3860. 3820: 3777: %i:: 

y;. 
3947 : 

3%: 
4022: x. . 

%I: 
4079: 2% Ef: 

3370. 2691: 3366. %:: 5%. 3443 : Et:. 3699: 
4207. 4231. 4300. 22~ . %:. 4447. 

400.0 

460.0 

EK- 

4191: 

ET:. 

6414: 

ziz- 4%63. 4691. 4724. 4788. 

4461: 6622. 6447. 6%00. SOW;. 

fss;. 

4716: 

g48;. 

6726: 

494~. 

%802: 

Sam& 

6696: 

mm:. 

4920: 

gooff: gl28. 6209. MI 6289. 6429. 

6164. 6249. 600.0 6130. %341. 6616. . 7003. 7047 : 7100. 7139. 7261. 22 . 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

231 
BLSCIROIIC 6TOPPIIt3 POWER II IJIITS OF ltZV/OlG/SQ QI) PA 105s 

91 

*’ 4= 8” z 13” 14= 2 21a zqa 2 2a’I 2Qw 3aGE ylSE 3eSR 4ozR 4P 4sw IT” ~L..*+.+++****.***.....~~~~**.**.*~*****..*.....~.~~*...~****~~...*.*....***~~*~~***.**~*.**.*~~~***~...*.**..*.**..**.***.*****.**~ 
$1 . 100.1 201.8 200.8 141.1 1c1.a 160.9 119.8 123.6 126.6 113.6 llT.4 119.4 114.3 118.4 120.7 100.4 104.9 107.6 f:r: 2: EX . E*F es:1 ifi*:, 47:s c:7" 69.8 Ed 04:3 66.6 61.3 

t:: lSS.4 196.2 169.8 181.0 iae.4 126.4 120.3 120.6 121.8 122.1 1Gs.l 109.9 z-t es:3 BUS or:2 $2 88:e 

8G:o x 

ik; 2:: x 2:: 63.3 61.9 

2 191.4 187.8 181.1 10.4 116.2 128.0 120.2 119.6 121.9 lZl.3 110.0 110.1 E-T * iti Et z:: 

8.2 
7:o 

183.9 180.1 169.2 167.7 123.0 124.2 118.8 117.6 120.6 119.6 109.8 108.9 2:: Et: ii*: 2; 
178.3 169.0 l21.7 116.4 118.4 lG8.2 84.6 9l:O 88:s 8717 

1o:o 8.X 
149.1 162.2 119.0 113.9 114.0 100.4 
142.4 164.1 148.1 144.0 116.2 113.6 108.8 111.3 113.6 110.9 102.6 101.6 E:i Z:E $4 . iit:: ET . fi:: 

:::: 160.4 146.1 140.0 136.2 110.8 108.2 103.2 103.8 108.4 106.0 'O&t . S&J 8614 z*: 83:s 8213 tit; 1.: 81:8 Et! 7?:1 z*i 7311 

18.0 rr.7 46-4 
2.7" 

%I: 
. 

ES E-Z 

63:2 ii*: 
64.2 61:s 

71.0 60.2 4913 2-i . i-X 

77.42 78.79 67.21 84.87 88.49 03.62 60.70 66.48 64.87 66.01 62.06 49.78 48.21 4-r.48 47.64 40.74 46.88 44.74 
72.36 73.83 03.41 41.23 42.98 8G.21 63.72 61.69 62.04 62.22 49.42 47.29 46.82 46.34 46.19 44.61 43.76 42.08 
87.89 49.69 Wo.12 68.08 69.78 67.24 61.10 60.09 43.67 49.77 47.11 46.11 43.71 43.31 43.24 42.66 41.86 40.83 
84.04 86.91 67.24 66.31 66.93 64.81 44.79 4T.83 4T.38 47.69 46.08 43.10 41.84 41.49 41.46 40.79 40.16 39.18 

60.0 900.70 42.08 64.88 62.84 64.42 62.28 40.74 46.93 46.42 46.46 43.23 41.42 40.1'1 39.86 3S.83 39.11 38.42 37.99 

46.0 67.74 69.82 62.40 60.47 62.17 60.19 44.89 44.04 43.47 43.90 41.68 39.86 38.44 38.37 38.36 37.78 37.23 70.0 66.16 67.28 60.36 48.70 60.14 48.30 43.2‘2 42.42 42.08 42.32 40.09 38.44 37.29 37.03 37.03 30.49 36.97 g.f: 

100: ii?: 0 

60.72 62.92 46.82 46.30 46.47 46.03 40.33 39.61 39.31 39.64 37.49 36.97 34.90 34.49 34.49 34.21 33.76 32:97 

Qt.10 44.01 49.33 40.31 43.84 41.34 42.46 40.06 43.76 41.27 42.18 39.94 37.90 36.92 37.24 36.21 
36.98 37.23 36.29 33.87 32.88 32.70 32.72 32.18 31.86 31.14 
34.98 36.24 33.41 32.08 31.14 31.00 31.02 30.82 30.22 29.67 

160.0 3.14 38.30 32.44 31.84 32.83 31.93 28.70 28.26 24.11 28.38 24.92 26.99 26.14 26.07 26.11 24.83 24.62 24.00 
28.64 30.89 20.11 27.22 27.89 27.37 24.68 24.12 24.18 24.46 23.17' 22.80 22.03 21.66 21.63 21.33 21.64 20.78 
26.26 27.46 26.09 24.29 24.83 24.47 21.00 21.36 21.37 21.92 20.78 20.46 19.77 19.34 19.44 19.11 19.37 14.70 
22.94 26.03 21.93 22.21 22.72 22.41 200.18 19.39 19.8? 20.11 19.07 18.74 18.16 17.79 17.86 17.67 17.81 17.21 
21.2f 23.24 21.33 20.66 21.14 20.87 18.?8 18.09 18.63 18.74 17.19 17.60 lb.93 18.61 14.48 14.41 14.43 lb.08 

19.97 21.87 20.09 19.46 19.92 19.97 17.71 17.08 17.48 17.71 18.80 16.61 16.98 16.49 16.74 16.61 16.71 la21 
18.94 20.78 19.10 18.60 18.96 18.72 14.84 18.27 14.46 14.87 18.01 16.73 16.23 14.98 16.03 14.79 14.99 14.60 
16.12 19.90 18.30 17.72 18.10 17.96 14.17 16.62 16.97 14.19 16.34 16.09 14.41 14.38 14.43 14.21 14.39 13.93 

*...*.+..*..******..*..******..***.*.**.**.*.*.***.**~..*****...**~*..~***.***.*.*.*.***.*.**.*~*..******.*.*******.***..***.*****.* 

qA SOS' 62= SOBI 67" 6QpR 8Zsn UGD 137" 4Qm 71L" 73TA 76m 771R 79'" 8ZP9 WB1 90M 92" 
. . . . ..+..+~*.+..*..*...~.*.****.*.~**.**.******~**~.****.*~~*~.~***..******.*..*...*.***.*.*******.**..***.***...******.......**.*.. 

2.6 49.t4 47.37 47.38 47.47 47.20 44.46 43.06 40.41 39.72 38.47 37.91 37.28 36.92 36.44 35.07 36.14 33.71 33.32 
63.62 61.02 60.98 61.31 60.90 48.08 48.69 44.11 43.11 42.11 41.32 40.84 39.24 38.76 38.31 38.40 38.74 36.34 
w.20 '63.61 63.64 63.91 63.66 60.88 49.16 10.47 46.78 44.88 43.84 43.17 41.76 41.21 40.72 40.81 39.04 38.69 
68.13 66.48 66.42 66.78 66.47 62.67 61.04 48.67 47.70 48.67 46.73 46.09 43.64 43.07 42.66 42.84 40.74 40.28 
69.60 60.82 60.76 67.12 60.84 63.96 62.42 49.98 49.13 48.00 47.14 49.48 46.07 44.48 43.93 44.02 42.07 41.67 

00.47 67.77 67.70 68.07 67.84 64.97 63.44 61.03 60.20 49.07 48.23 47.66 44.14 46.60 44.99 46.08 43.04 42.66 
61.14 6S.43 68.36 68.14 68.67 66.70 64.17 61.80 60.99 49.47 49.03 48.34 46.98 46.38 46.78 46.88 4&f+ &3X& 
41.67 68.87 68.80 69.18 69.06 68.20 64.48 62.38 61.67 60.44 49.62 48.98 47.60 48.99 49.38 48.48 
41.83 69.14 69.07 69.46 69.36 66.64 66.03 62.76 61.98 60.89 60.06 49.40 48.06 47.46 46.83 40.92 44179 44124 
41.98 69.27 69.20 69.68 69.62 60.73 66.24 63.01 62.24 61.18 60.36 49.70 48.38 4?.78 47.16 47.24 46.09 44.68 

41.90 69.26 69.18 69.64 69.66 66.84 66.37 63.23 62.62 61.47 60.46 60.02 48.74 48.16 47.60 47.69 46.42 ;.8%& 
01.64 68.96 68.88 69.24 69.31 68.88 66.23 63.17 62.49 61.47 60.67 60.08 48.82 48.26 47.68 47.47 46.49 
61.06 68.48 68.42 68.80 68.88 66.30 64.90 62.92 62.28 61.28 60.60 49.91 48.70 48.16 47.48 47.67 46.39 44187 
90.42 67.90 67.86 68.22 68.34 66.83 64.46 62.66 61.94 60.97 60.21 49.63 48.41 47.93 47.26 4'1.34 46.17 44.46 
69.73 67.26 67.21 67.68 67.73 66.28 63.94 62.10 61.62 60.67 49.43 49.27 48.13 47.62 48.93 4?.02 44.87 44.34 

67.47 66.13 66.10 66.44 66.48 63.40 62.16 60.44 49.97 49.10 48.40 47.89 44.86 48.39 46.70 46.78 43.70 43.21 
63.74 61.69 61.69 61.94 62.22 60.17 49.06 47.00 47.17 48.41 46.77 46.32 44.40 44.01 43.34 43.42 41.44 41.01 
60.39 48.41 48.42 48.76 49.07 47.20 44.18 44.90 44.63 43.84 43.28 42.80 42.03 41.70 41.06 41.13 g.3; g.f 
IT.47 46.02 46.64 46.96 10.30 44.68 43.44 42.49 42.17 41.64 41.00 40.43 39.88 39.80 39.94 39.06 
44.92 43.18 433.11 43.63 43.88 42.29 41.41 40.S4 40.07 39.49 38.99 38.46 37.96 31.71 37.10 37.18 36:66 36:lS 

42.68 41.06 41.10 41.39 41.76 40.16 39.44 38.47 38.20 37.47 37.20 3S.89 38.24. 30.02 36.44 36.62 33.97 33.43 
40,,72 39.16 39.22 39.60 39.89 38.46 37.49 3S.78 36.66 36.06 36.40 36.31 34.71 34.61 33.96 34.03 32.66 32.23 
38.97 37.49 37.66 37.82 38.18 36.84 36.12 36.28 36.00 34.69 34.17 33.90 33.33 33.14 32.61 32.69 31.28 30.98 
37.40 36.99 38.06 39.32 38.68 36.40 34.72 33.93 33.72 33.28 32.88 32.63 32.08 31.93 31.40 31.48 30.13 19.84 
36.99 34.44 34.10 34.94 36.32 34.10 33.46 32.10 32.61 32.09 31.71 31.47 30.98 30.81 30.31 30.38 29.09 28.81 

34.11 33.41 33.48 33.T3 34.08 32.92 31.30 31.69 31.41 31.01 30.46 30.42 29.93 29.80 29.31 29.38 28.13 27.87 
33.66 32.29 32.37 32.41 32.98 31.84 31.24 30.67 30.41 30.02 29.68 29.46 28.99 28.87 28.39 28.44 27.24 27.00 
31.60 50.33 30.41 30.44 30.98 29.94 29.39 18.?8 28.43 28.18 27.98 27.76 27.32 2T.22 26.7'7 20.83 16.71 26.48 
2S.70 28.64 18.74 28.90 29.29 28.32 27.81 27.24 2T.11 lb.?9 20.48 20.29 26.89 26.80 26.38 26.44 24.38 24.14 
28.20 27.22 2T.30 27.61 27.84 20.91 26.44 26.91 26.79 26.49 26.20 26.03 24.46 24.67 24.17 24.23 23.23 23.02 

l3.01 22.17 22.26 22.42 22.72 11.99 21.42 21.23 21.14 20.92 20.49 20.64 20.27 20.21 19.88 19.94 19.12 18.98 
19.98 19.19 19.11 19.33 19.40 18.98 18.4? 18.34 18.30 18.11 17.92 lT.81 1'1.67 11.62 17.24 17.29 17.06 14.60 
17.90 17.28 17.08 17.22 17.47 10.97 16.80 14.60 14.61 16.32 14.07 14.04 16.84 16.74 16.49 16.64 16.42 14.93 
14.47 16.91 16.73 16.79 18.01 16.84 16.48 16.21 16.22 16.06 14.83 14.80 14.64 14.63 14.30 g.2: $3; ;;.;I 
16.40 14.87 14.71 14.74 14.90 14.63 14.49 14.24 14.26 14.09 is.89 13.89 13.?i 13.41 13.40 . . , 

14.64 14.04 13.92 13.99 14.17 13.86 13.71 13.48 13.49 13.34 13.16 13.12 12.99 12.90 12.70 12.74 12.43 
13.89 13.42 13.28 13.32 13.63 13.22 13.09 12.87 12.88 il.?4 12.64 12.64 12.4l 12.32 12.13 12.17 12.07 :f.;f II:27 13.36 12.89 12.?4 11.81 13.00 12.71 12.68 12.37 12.39 12.26 12.08 12.09 11.94 11.80 11.47 11.71 11.41 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

231 
BAIGE IS UIITS OF rrO/SQ QI PA 101s 

91 

BB C 10 AL 
4 e 11 13 

*+,*.t,*..*.+++t.***.**.*... 
0.670 0.270 8.854 8.830 
7.144 7.066 9.802 9.829 
7.717 7.BO2 10.728 10.803 
8.296 8.631 11.B46 11.7SS 
8.883 9.260 12.668 12.726 

no 
42 

I**...** 
16.279 

IlB 
46 4:” 

L**.**.**t*..* 
16.729 18.130 
17.887 18.217 
IS.908 20.187 
21.840 22 * 080 
23.711 23.924 

::: 10'089 9 +oO 
IO:710 

1O'tNM S 967 
11:4oB 

14’393 l3 474 
lb:319 

14 13.884 B4B 
16:618 

13.471 14 421 
16:378 

16.899 18 748 
17:BoO 

17.377 18 683 
1S:TSl 

18.237 19.496 18.866 10.147 20.780 19.486 20.200 2l.BOe 21.813 23.099 22.477 24.033 23.343 24.948 23.877 26.298 24.238 26.913 26.641 27.342 26.734 27.621 
8.0 2o.762 21.438 22.081 23.001 24.680 26.681 20.641 29.809 27.678 29.123 26.294 
6.6 11.346 12.137 16.264 16.696 18.338 18.867 21.003 22.012 22.731 23.402 24.397 26.068 27.127 28.131 28.616 29.236 90.890 31.068 
7.0 11.993 12.873 il.198 17.683 17.309 19.921 22.221 23.278 24.028 24.717 26.794 27.640 28.873 29.720 30.120 30.891 32.660 32.819 

::“o 13.33 14.73 14.37 16.91 lS.iZ 21.08 lS.69 21.64 19.28 21.29 22.07 24.28 24.08 27.18 26.83 28.42 2e.64 29.29 27.38 30.04 2B.ei 31.46 30.62 33.62 31.78 34.91 32.91 3e.12 33.34 36.68 34.21 37.64 36.18 36.34 

:i:: le.18 17.eB 17.49 IS.12 23.09 26.16 26.89 23.74 23.36 26.48 2e.60 28.77 32.31 29.72 31.06 33.73 31.98 34.71 32.76 36.61 34.33 37.26 3S.e6 3e.6e 38.07 41.29 39.36 42.86 43.16 39.86 40.91 44.31 g.$ 40177 $;t 47104 
12.0 19.26 20.79 27.26 28.09 27.til 31.10 34.91 36.16 37.49 38.31 40.23 42.78 44.64 46.98 46.61 47.76 60.38 60.88 

16.0 24.28 26.08 33.90 36.00 34.37 38.36 43.19 44.96 4e.14 47.00 49.46 62.49 64.82 68.28 66.88 68.38 61.40 61.90 
E 44.60 33.74 4B.81 36.87 46.96 69.24 47.64 61.34 46.62 60.07 86.70 61.43 67.97 74.07 So.16 70.47 'Sl.69 78.36 82.60 79.28 86.88 B3.84 eS.76 88.40 72.62 91.81 74.61 94.11 76.20 94.89 77.16 ET.27 101.44 80.77 102.77 81.84 

it:: 88.88 W.60 71.97 6B.Be 73.89 8S.Ze 7B.33 92.48 74.88 SO.40 81.13 97.e7 110.03 91.43 113.60 94.4B 116.88 Se.39 118.66 97.31 102.72 123.07 108.39 129.89 112.48 134.60 116.08 137.38 116.93 138.29 118.74 141.64 123.42 140.70 149.11 126.27 

40.0 84.00 Be.13 106.92 109.74 107.20 116.30 129.82 133.73 136.13 136.97 144.88 162.27 167.82 180.97 lBi.94 166.62 171.24 174.27 
46.0 99.43 101.28 123.82 128.08 126.03 133.97 160.70 166.13 167.76 168.63 167.44 178.09 182.40 186.82 180.03 190.96 197.03 200.71 
60.0 116.92 117.40 142.33 147.48 143.Be 163.e6 172.81 177.66 180.60 181.19 191.39 201.11 20B.22 211.89 212.94 217.60 224.03 228.38 
66.0 133.46 134.47 lt32.03 le7.84 183.87 174.32 196.96 201.26 204.34 204.93 216.47 227.29 236.24 239.14 240.22 246.23 262.22 267.27 
eO.0 161.98 162.46 182.88 189.21 184.43 196.94 220.16 226.94 229.26 229.72 242.e4 264.61 283.42 167.6e 288.68 274.12 2S1.66 287.34 

%:: 171.6 192.0 171.3 191.1 226.8 204.3 211.6 234.8 206.1 228.7 218.6 242.0 246.4 271.4 261.7 278.4 266.2 282.1 266.6 282.3 289.9 298.2 312.e 283.0 323.2 26’2.7 297.1 327.7 328.9 298.2 336.2 Jo4.1 312.0 343.8 318.6 360.9 
80.0 236.7 233.1 274.4 184.0 276.6 291.6 327.0 334.8 339.0 338.8 367.8 374.7 367.3 392.2 393.4 400.7 409.9 418.8 
30.0 283.0 278.3 326.4 336.7 327.7 344.6 38'3.1 396.0 399.6 399.1 421.4 441.0 466.6 460.9 482.0 470.2 480.4 491.0 

100.0 333.7 328.7 379.7 3S2.8 382.1 400.8 448.8 468.8 483.9 492.9 488.7 611.1 627.7 633.6 634.6 643.7 564.9 667.1 

g::: 1007’0 834 9 

260.0 i43B:b 

611 968.6 4 

136e:6 

1078 We.0 3 

161416 

1114’0 719 2 

lSe4:S 

1082 098.8 4 

162311 

1120 727.2 4 

16eB:O 

1249 812.3 9 

174810 

1272.8 828.3 1281 836.6 1 1272 831.3 3 1342 877.2 4 1388.9 916.3 1434 944.1 2 1460 961.3 8 1460.4 961.9 1470.1 SW.1 1484.8 982.7 1622.9 1003.8 

1783.3 178711 177216 1870:3 1926.3 lSBS:i 2017:7 2016.2 2044.6 2061.7 2110.4 
300.0 1919.2 1798.1 1997.1 2oS2.9 2Q10.3 ,206Z.Z 2297.6 2362.6 2344.8 2323.7 2461.6 2610.2 2SOO.l 2841.2 1638.2 2e7e.l 2B74.8 2766.4 
3.60.0 2442.7 2277.8 2620.2 2BO3.0 263B.i 2697.1 1892.1 2970.2 1947.0 2919.2 3379.2 3164.6 3200.1 3314.0 3308.1 3367.3 3346.9 3460.6 

400.0 3188. 3626. 3828. 3690. 3664. 3748. 3836. 3963. 4030. 4019. 4082. 4062. 4190. 

i%:: 4222. 3301. 4320. 3897. 3770. 4400. 4196. 4.396. 4322. 6047. 4268. 4976. t;;;: E63; 4662. 6302. 4704. 6479. ;t;l;: 4770. 6666. 4846. 6842. 4816. 6802. Z%: 

$,......~**.*+.~.,.**.*.........*.***.*.**.~.~~*****.*..*...~....*...**....*****.*...*.*...***..**..****.......****....~......***... 

“’ sI Iz BA LA 6Spa *zsn wGD e7Eo esm 71Lu 73TA 7sRE 77m 79’” .9zpg 13JB1 BOTH 92” 60 62 66 67 
.*....***..*.*+..*l..~.*...*...*.***.*.**...**..~.~...~*.*.*~*..***...**.**..**.*.*~**..*.~..*...*.~~*......~..*.~..*.*..~*..**..~.. 

2.6 le.92 17.64 18.90 is.26 19.96 20.94 21.64 22.31 22.78 23.21 23.66 24.14 24.62 26.06 26.82 26.83 27.68 28.24 

3:: 19.16 2i.ie 19.88 22.09 21.26 23.48 23.78 21.69 22.30 24.61 23.44 26.78 24.11 2e.62 26.03 27.67 26.64 26.14 26.08 28.72 26.67 19.28 27.10 29.86 30.63 27.68 23.16 31.04 31.68 28.7e 28.98 31.88 30.93 33.97 31.66 34.63 

t:: 23.27 26.24 24.21 20.26 26.67 27.83 27.93 26.88 26.83 28.68 30.18 28.01 28.63 31.06 32.34 29.99 30.81 32.99 31.26 33.63 34.34 31.88 34.99 32.47 33.23 36.84 33.76 36.42 37.12 34.46 34.t34 37.31 36.86 39.66 37.66 40.38 

ii:: 27.16 29.06 XI.26 28.28 31.64 29.06 31.91 29.93 30.70 32.68 32.30 34.38 36.38 33.24 36.87 34.62 36.32 37.60 38.07 38.40 38.76 39.14 39.86 37.44 38.37 40.86 41.60 38.98 39.72 42.26 39.90 42.44 42.36 46.02 43.12 46.81 

8P 
7:o 

30.94 32.81 32.23 34.19 33.61 36.67 33.87 36.81 34.84 J6.69 36.46 38.60 37.61 3S.el 4i.2B 39.09 39.86 42.08 40.71 42.98 41.46 43.79 44.67 42.22 43.29 46.70 43.97 46.41 44.77 47.26 44.94 47.41 47.64 60.23 48.48 61.08 
24.88 36.14 37.62 37.76 36.64 40.64 41.71 43.47 44.23 46.26 46.09 46.90 48.10 48.84 49.71 43.86 62.80 63.68 

t:: 30.41 42.16 10.04 43.94 41.42 46.34 41.t33 46.62 42.42 QB.30 44.00 48.67 46.88 60.06 47.81 62.16 48.70 63.10 49.74 64.23 60.17 66.22 61.63 6B.16 62.86 67.63 63.06 68.44 64.69 63.44 64.73 69.68 82.98 67.30 63.93 68.86 

10.0 46.32 47.88 49.27 49.43 60.21 62.70 64.26 68.61 67.61 68.73 69.79 60.77 t32.32 e3.23 64.30 e44.43 69.07 69.13 

:::: 49.72 63.67 Lt.86 66.86 63.26 67.26 63.38 67.37 64.16 68.13 66.88 81.04 62.74 68.47 60.89 06.30 61.94 W.41 83.24 67.79 bQ.38 (18.99 (15.41 70.08 67.08 71.86 68.04 72.86 69.18 74.08 69.30 74.19 73.17 78.30 74.29 79.48 

16.0 66.39 63.19 6S.t30 89.63 70.36 73.79 76.80 78.81 30.06 81.69 83.10 84.34 Be.44 87.61 89.04 89.12 93.94 96.30 

%:i 108’38 88 18 
132:Ol 

112’97 89 86 
137:67 

114’33 91 27 
i38:37 

114’12 Sl 16 
138:63 

ii4 91.77 60 
138:86 

119 SB.11 86 
146:01 

122.91 SB.e3 102.37 127 36 
30.0 148.86 i63:81 

103.84 129 06 
166:71 

131 106.88 60 
168:67 

107.63 133 80 
lel:O3 

109.12 136 34 
163:OZ 

138 111.76 61 
lee:73 

113.17 140 13 
leli67 

114.99 142 38 
17i:27 

116.02 142 36 
17l:lB 

121.08 143 BB 
179:86 

122.72 161 66 
182:lS 

36.0 167.04 le3.60 lS4.99 184.36 164.48 171.68 176.83 181.72 183.83 187.10 189.93 132.18 196.43 198.47 161.68 201.61 211.67 214.20 

183.4 191.0 132.4 131.6 131.6 199.7 104.4 211.0 213.4 217.1 220.3 222.8 227.6 228.8 233.6 233.3 244.0 247.0 
21*.1 219.9 221.2 220.2 219.8 229.0 234.4 241.8 244.3 248.4 262.0 264.8 200.2 2e2.6 166.8 208.6 279.6 282.9 
240.2 260.0 261.3 260.0 249.4 269.7 2e6.7 273.8 276.6 281.1 286.1 288.2 294.1 2SB.7 301.6 x)1.2 316.8 313.4 

66.0 270.4 281.6 2B2.7 2881.2 280.3 291.7 198.3 307.2 310.2 316.2 319.6 322.3 329.6 332.2 337.6 337.2 363.4 367.4 
W.0 301.3 314.2 316.4 313.6 312.4 326.0 332.2 341.9 346.0 360.6 366.4 369.0 308.1 3BS.l 376.1 374.6 332.4 396.8 

334.6 348.2 348.3 347.3 346.7 369.6 387.4 377.3 381.2 387.2 392.4 598.3 404.1 407.2 413.9 413.2 432.8 437.6 
398.6 383.3 584.3 582.1 390.2 3S6.2 103.8 416.0 418.6 426.0 430.7 434.9 443.3 446.8 463.9 463.2 474.6 479.7 
439.6 467.2 468.0 466.3 462.6 470.0 4B0.0 493.0 436.3 604.3 611.0 616.8 626.4 629.1 637.8 bM.8 661.8 667.8 
616.0 636.6 636.2 632.3 629.2 649.4 680.3 676.6 679.3 688.3 696.3 601.3 612.3 616.3 628.4 626.3 664.1 WI.0 

100.0 694.7 418.3 4318.7 614.8 610.2 633.1 We.1 SB2.6 667.3 67B.8 886.4 691.4 703,B 708.1 713.8 710.4 761.2 769.0 

%8 1061. 1092. 
::2 :i%F * 

:s. * :z::. %%. 1112. ie73. 1133. 1710. 1746. 1163. 1766. 1166. 1181. 1777. 1196. SE. 1224. 1839. 1303. 1940. :i:t 
260.0 

i!E:: 3808. 2BB2 : ifif: ‘GE- 3769: 

2278: 

3WB: $22: 

2326. 2366. 2412. 2422. 2461. :I% 2490 : 2B64. 2710: 

i?E . 3600: 3036 3082. 3664. 3143. 3928. 3162. 3937. 3189. 3983. 3230: 4058. 3247. 4066. 41oe: 3:s. 3436. 4274. 3616. 4383. 

%I: 43e0v 6133. 4641. 4se7. 4642- 6390. ZB* 4ei2. 4(176. 6638. 47e3. 6e40. 4771. 6648. x: 2;“9: ’ 4912. 4976. 6886. Kc 6086. 607%. 6996. 28:~ 6301. 

600.0 6042. m.9~. . 6444~. . 6274. etaa: ZX: e439. 0666. 6663. 6838. 6729: %:i: 8836. ee.70: E: BSe7. 7077: t:tt. . 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROIIC SIOPPIIG POWER II WITS OF HEV/tHG/SQ CH) 

EIA BFa 
ac 12 

n2 AL SI CA TI CB FE II (XI GE SE Sri zrt HO FIR 
4 13 14 20 22 24 26 28 29 32 34 38 40 42 46 4F 

.CI..*,...+*,..I*...*..**.***...**~*.......**..****.**..***.***.******..*.*.*.***.*.*~.*.*.****..*....*...**....**...*...**.**..*~** 

$2 202.0 203.9 142.7 162.4 120.6 124.6 114.3 118.3 116.1 119.3 101.0 106.6 it: 82.0 79.1 76.6 61.0 

203.0 166.1 126.6 120.4 121.7 106.4 93:o -ii:: ii:: 23 

::z 

iii:: 

2: 

67:2 

61.8 67.7 66.9 61.6 E:! 

69.0 
200.7 161.1 127.6 121.4 122.9 110.0 

;i,t 
69.2 

2.B Et 
197.6 162.4 127.6 121.6 123.2 110.9 :-: . 22 Et ZE 7317 R:: 70.6 se:2 22 . 0318 

i:: 134.0 180.3 162.6 162.1 127.2 126.6 121.4 120.7 123.1 122.6 111.1 111.0 ii:8 .EX 90.0 E?;: 83.0 78.1 76.1 74.6 FE 

t-z 
7:o 

186.4 182.6 161.0 169.6 126.6 124.4 118.8 119.9 121.8 120.8 110.6 110.1 -2: E8 ii:: E:1: :i+ 2x 
178.8 167.8 123.1 117.7 119.7 109.3 iEl 68:s ::i Elf 76:4 7314 

1o:o 28 
171.6 164.0 120.4 116.2 117.4 107.6 

Z?: RX 2; 
82.6 78.1 70.2 88.6 

164.8 168.6 160.0 146.9 117.6 114.9 112.7 110.1 114.8 112.3 106.7 103.7 iit.: Z:;: z; Zl:; 

:::: 162.7 147.3 136.1 141.3 112.2 109.6 107.6 106.1 109.8 107.4 IO&.: . 2; 8218 79:3 78.0 z:: 66'3 94:7 Ei 6318 

16.0 133.6 127.6 '"93.t 98.3 100.6 70.6 86.3 64.6 62.4 61.3 
2: 116.0 . 67.3 

z?:: 'W 85:6 

113.2 Io2.1 

ii:: F2.i 72:8 

Zi:: 61.6 67.6 0.2 59.3 68.6 64.9 

iii:: 61.7 64.9 Et 64.0 61.0 63.0 50.0 49.0 61.8 Ei 4719 

ii?:: 79.06 73.71 80.19 76.17 68.33 64.49 66.96 62.27 67.80 64.06 64.66 61.22 67.63 54.61 56.38 63.46 66.76 62.90 66.90 63.08 62.89 60.23 48.07 60.67 48.98 48.67 48.44 46.10 48.34 46.02 46.24 47.48 44.46 48.61 46.47 43.37 

i:i . 69.18 66.27 61.87 70.86 67.13 03.86 61.16 68.24 66.66 69.08 66.28 63.80 60.79 67.92 66.38 68.21 66.66 63.19 49.63 47.66 61.96 46.64 46.63 60.91 60.40 46.19 46.21 46.41 46.44 60.60 47.90 46.83 43.97 46.86 43.89 42.14 44.44 42.66 40.86 44.03 42.19 40.63 43.37 42.16 40.61 43.26 41.48 39.68 42.64 40.83 39.28 41.60 39.83 38.33 

%2 68.89 66.23 0.96 58.36 63.34 61.27 49.68 51.68 63.11 61.06 43.16 61.07 46.68 44.00 44.81 43.18 44.43 42.82 44.67 43.07 40.80 42.31 40.56 39.12 39.33 37.94 39.04 37.68 39.02 37.67 38.44 37.12 37.88 36.60 36.97 36.73 

1oo:o Et: 

61.73 53.94 47.68 4V.14 47.62 46.86 41.06 40.32 40.02 40.27 38.16 36.61 36.62 36.31 36.31 34.82 34.36 33.66 

48.04 44.96 47.22 60.29 44.69 42.14 43.26 40.81 44.66 42.06 43.06 40.69 36.60 39.49 37.92 36.87 37.66 36.63 35.90 37.92 36.34 34.03 34.49 32.67 33.48 31.72 33.30 31.67 33.31 31.69 32.87 31.18 32.43 30.78 31.71 30.11 

ii%.: 
26o:o 

34.85 29.16 37.03 31.63 33.62 28.69 32.49 27.77 35.48 28.46 32.66 27.92 29.26 26.08 28.81 24.61 28.66 24.67 24.94 28.93 27.46 23.64 26.39 23.26 '26.63 22.48 26.66 21.39 26.69 22.06 21.76 26.31 24.99 21.97 24.63 21.19 
26.73 28.02 26.60 24.79 26.36 24.97 22.46 21.79 22.11 22.37 21.21 20.86 20.17 19.76 19.83 19.49 19.76 19.08 

E:: 23.46 21.72 26.66 23.74 23.41 21.78 22.67 21.09 21.68 23.19 22.88 21.31 20.58 18.17 19.79 la.47 20.28 18.91 20.63 19.16 19.47 18.17 19.16 17.86 18.62 17.28 18.16 16.96 18.23 17.03 17.93 16.76 18.17 16.98 17.66 16.42 

2%:: 20.40 21.23 22.34 20.61 19.61 19.86 18.89 20.34 19.36 20.09 19.12 18.08 17.22 17.44 16.42 
600.0 ;;,;; . 20.33 18.69 18.10 18.66 18.34 16.61 16.96 

..*.1.*...***.....*~..**.*.....***.***.******~.*~**.......****~ 
EIA SY TE BA LA Pn sJ4 CD 80 

60 62 66 67 69 62 64 67 
*1....*..1*.*....*.*..**..~*..*..*...*..**.**.**.*..**...~~...~ 

::: 49.98 53.83 47.69 61.31 47.67 61.27 47.89 61.60 47.41 61.18 44.66 48.32 43.24 43.86 40.79 44.36 

::!I 66.67 68.66 63.96 66.88 63.31 66.82 64.26 66.18 63.90 66.87 50.99 62.94 49.47 61.40 46.97 48.91 
4.6 69.96 57.26 67.19 67.66 67.30 54.37 62.82 60.36 

17.86 
17.00 
16.31 

~,***.++ 
RI 

69 
+****.* 

39.90 

z:: 
48:03 
49.60 

17.16 18.86 
16.36 16.06 
IS .69 16.41 

l *..*.* *****.* 
TA RF, 

73 76 
***..** ~******. 

36.08 37.44 
41.66 40.88 
44.12 43.46 
46.06 46.37 
47.62 46.63 

16.32 16.02 16.10 16.84 16.06 
16.66 16.28 16.36 16.11 16.30 
14.92 14.67 14.74 14.61 14.70 

++**.*.*1*.*+~****..~*****~*.~.~~**~ 
Ill AU PB BI ni 

7-l 79 82 83 so 
.*..~*...*.**.****~.******~.***~.*.. 

36.08 36.62 36.22 36.31 33.86 
39.48 38.96 38.62 38.81 36.97 
42.02 41.47 40.98 41.07 39.29 
43.96 43.37 42.84 42.94 41.06 
46.41 44.82 44.26 44.36 42.38 

16.63 
14.81 
14.23 

1.**** 

92" 
il.*** 

El 
3a:a3 
40.66 
41.88 

Z:i a.97 61.67 68.26 68.34 68.18 68.86 68.66 63.24 68.34 69.07 66.42 66.17 63.87 64.63 61.44 62.26 60.60 61.43 43.47 60.30 49.62 49.46 47.34 49.77 46.63 47.38 46.92 46.77 46.36 46.17 46.44 46.27 43.40 44.18 42.89 43.66 

ix 
7:o 

62.13 62.42 69.41 69.70 69.33 69.62 60.00 69.71 69.68 69.90 66.70 67.06 66.17 66.64 62.63 63.24 62.03 62.46 60.91 61.36 60.06 50.61 49.40 49.86 48.02 48.43 47.41 47.89 46.79 47.26 46.89 47.36 44.76 46.20 44.24 44.67 
62.66 69.85 69.77 60.16 60.09 67.26 66.77 63.61 62.76 61.67 60.83 50.18 48.84 48.23 47.69 47.69 46.61 44.98 

8.0 62.63 69.85 69.78 60.16 80.16 67.41 66.33 63.76 63.06 61.98 61.16 50.62 49.22 48.63 47.97 48.07 46.87 46.33 
62.22 69.68 69.61 69.89 69.94 67.26 66.81 63.72 63.04 62.01 61.20 50.66 49.33 48.76 48.06 48.17 46.96 46.43 
61.72 69.13 69.06 69.46 63.63 66.32 66.60 63.60 62.86 61.84 61.06 60.46 49.23 46.68 47.99 48.08 45.88 46.36 
61.12 56.66 69.61 68.89 63.00 66.46 66.08 63.14 62.62 61.66 60.77 60.19 49.01 48.47 47.78 47.87 46.68 46.16 
60.43 67.93 67.87 68.26 68.40 66.92 54.67 62.70 62.11 61.16 60.40 49.84 48.69 48.17 47.47 47.66 46.39 44.87 

16.0 58.20 65.82 66.79 66.16 66.37 64.09 62.80 61.11 50.69 49.71 49.00 48.48 47.42 46.96 46.26 48.36 44.24 43.74 

2: 
64.47 62.29 62.28 62.63 62.92 60.84 49.71 48.24 47.80 47.02 40.38 46.92 44.99 44.80 43.91 44.00 42.01 41.66 
61.11 49.03 49.11 49.44 49.77 47.67 46.84 46.63 46.16 44.46 43.87 43.46 42.62 42.29 41.62 41.71 39.84 39.42 

28 
48.17 4V.29 46.32 46.64 48.99 46.24 44.29 43.11 42.73 42.16 41.60 41.23 40.46 40.17 39.53 39.62 37.66 37.47 
46.61 43.84 43.68 44.19 44.66 42.92 42.04 40.97 40.67 40.09 39.68 39.24 38.63 38.28 37.66 37.74 36.03 36.72 

it: 
60:0 

43.36 41.87 41.69 39.79 33.86 41.74 42.04 40.14 42.40 40.60 40.88 39.06 40.06 36.29 39.07 37.37 36.60 37.13 38.62 38.26 37.78 38.17 37.46 36.88 36.80 36.26 36.68 36.06 34.49 36.39 39.07 34.67 34.60 33.07 34.16 32.74 
39.61 38.10 38.16 38.44 38.81 37.44 36.71 36.86 36.63 36.15 34.73 34.46 33.87 33.69 33.14 33.22 31.79 31.48 

66.0 38.02 36.69 36.66 36.92 37.29 36.99 35.29 34.49 34.28 33.83 33.43 33.16 32.61 32.46 31.92 32.00 30.63 30.33 
80.0 36.60 36.22 35.29 36.66 36.91 34.67 34.01 33.26 33.06 32.63 32.26 32.00 31.47 31.33 30.81 30.89 29.67 23.29 

%:8 36.31 34.13 33.98 32.86 32.93 34.06 34.31 33.17 34.67 33.63 33.48 32.39 32.86 31.78 32.13 31.10 31.96 30.93 31.64 30.64 31.17 30.19 30.93 29.96 30.44 29.48 30.30 29.36 28.88 29.80 29.87 28.96 28.61 28.34 

1oo:o E.8 

32.06 30.67 30.94 31.18 31.63 30.47 20.31 29.29 29.13 26.?8 28.46 28.24 27.80 27.69 27.24 27.31 g.1; ;;A; 

30.30 28.78 29.16 27.72 27.79 29.26 29.48 26.01 29.82 28.34 26.63 27.41 26.31 2V.92 27.73 26.33 26.26 27.69 27.27 26.36 26.96 26.66 
2V.76 26.26 26.83 26.90 24:82 24:69 
26.48 26.36 26.10 26.02 24.81 24.67 23.66 23.44 

160.0 23.46 22.60 22.67 22.86 23.16 22.41 22.03 21.64 21.66 21.32 21.09 20.96 20.66 20.60 20.27 20.32 19.43 19.32 
20.27 19.67 19.66 19.71 19.93 19.36 19.04 18.73 18.66 18.47 18.28 18.16 17.V2 17.86 17.69 17.64 17.39 16.82 
18.26 17.63 17.43 17.6-l 17.83 17.32 17.14 16.83 16.84 16.66 16.40 16.37 16.18 16.06 16.80 16.86 16.73 16.23 
16.81 16.23 16.06 16.10 16.34 16.VV 16.80 16.62 16.63 16.38 16.13 16.10 14.94 14.83 14.69 14.64 14.63 14.07 
16.72 16.18 16.02 16.07 16.29 14.94 il.?9 14.63 14.64 14.38 14.17 14.16 14.00 13.90 13.68 13.72 13.61 13.20 

400.0 14.87 14.36 14.21 14.26 14.47 IQ.14 14.00 13.76 13.77 13.62 13.43 13.40 13.26 13.17 12.96 13.00 12.90 12.51 
460.0 14.13 13.70 13.66 13.61 13.81 13.50 13.36 13.14 13.16 13.01 12.83 12.80 12.67 12.68 12.39 12.43 12.32 11.96 
500.0 13.63 13.17 13.04 13.08 13.28 12.98 12.86 12.04 12.66 12.61 12.34 12.31 12.19 12.11 11.32 II.96 11.86 11.61 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

238 
RAIGE II USITS OF ffi/SQ CX u 101s 

92 

WA BE 
4" 12 

w AL. SI CA TI CR FE II al GE SE SR 23 no nn 
4 13 14 20 22 24 24 28 29 32 34 38 40 42 46 4" 

*I.....~*....***..*..*~.**~...~**..**.*~.*..*.**......***.....*.*..*.***..**...******.*..*~.*.*.~.*.**.****.*~.*.*~.**.*..*~*~**~..* 

3:: 9.710 7.298 8.400 7.204 10.012 9.042 10.042 9.020 8.880 9.874 10.637 11.987 11.380 12.719 11.961 13.382 12.370 13.832 12.830 14.336 13.120 14.728 14.080 16.781 14.630 18.344 16.123 17.007 16.360 17.281 16.693 17.680 19.062 18.286 18.480 I8.6W 

:.: 
4:6 
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16.00 14.48 14.24 17.84 21.61 23.68 22.09 24.22 21.74 23.93 24.77 27.04 27.74 30.33 29.01 31.49 32.84 28.90 30.87 33.43 32.11 36.06 
34.23 36.86 34.88 37.36 39.33 40.61 40.72 
37.33 38.87 40.19 40.0 41.78 44.11 44.36 

11.0 18.01 19.60 26.48 28.41 26.98 29.38 32.97 34.42 36.42 38.24 38.03 40.47 42.14 43.64 U.08 46.23 47.74 49.02 
12.0 19.69 21.20 27.80 28.86 28.17 31.72 36.44 37.19 38.26 39.09 41.06 43.W 46.48 48.93 47.47 48.74 61.40 61.73 

16.0 24.89 28.68 34.66 36.67 36.04 39.11 44.04 46.83 47.06 47.83 60.43 63.64 66.72 67.40 68.02 69.64 42.44 43.14 
20.0 34.28 38.60 48.80 48.42 47.49 62.39 69.04 81.28 82.74 83.89 87.14 7l.lO 73.92 76.94 78.86 78.84 82.34 83.22 
26.0 46.18 47.69 90.28 82.42 41.14 88.W 76.40 78.08 79.78 80.73 86.18 90.03 93.61 96.89 W.80 08.08 103.34 104.49 
3G.0 67.32 69.80 74.93 77.43 76.94 82.64 93.03 98.12 98.09 99.03 104.66 110.33 114.60 117.16 118.02 120.88 126.89 127.63 
36.0 70.44 73.08 90.73 84.01 91.91 99.32 111.90 116.43 117.44 118.68 126.19 131.94 138.84 139.78 l40.7l 144.02 149.28 161.74 

it: 

60:0 

100'76 86 16 

117143 

102 87.41 76 

llS:OT 

107 126.64 81 

144:60 
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149171 

108.93 127 00 

l44:08 

117.20 138 12 

168:Cd 

131.98 163 18 

176:63 

136.66 167.94 138.40 140.32 139.28 141.12 170.19 147.09 164.84 178.99 140.49 186.42 183.71 188.90 184.70 189.94 168.44 194.13 200.34 174.18 104.07 177.24 

180.48 183.37 184.09 134.44 204.36 211.69 216.33 2l4.4G 221.06 227.71 232.13 
66.0 136.16 138.33 144.46 170.38 144.14 177.00 198.97 204.39 207.63 208.14 218.84 230.88 238.90 242.96 244.06 249.16 264.27 281.40 
40.0 163.86 164.61 186.38 192.00 187.14 198.90 223.48 229.37 232.76 233.26 244.38 268.68 287.6l 271.73 272.84 278.42 286.99 2Sl.84 

46.0 173.4 173.4 207.2 214.9 209.1 221.7 249.0 266.4 269.0 269.4 274.0 287.4 297.2 301.7 302.8 308.8 314.9 323.6 
70.0 194.3 193.8 230.0 238.1 232.0 246.6 276.8 292.6 288.3 289.6 302.8 317.2 328.0 332.7 333.8 340.3 348.8 368.2 
80.0 238.6 236.0 278.1 287.9 280.3 296.7 331.4 339.8 343.9 343.7 383.0 380.2 392.9 388.0 389.1 408.8 418.0 426.0 
80.0 284.3 281.7 329.7 341.3 332.1 349.3 391.4 400.6 406.2 404.7 427.3 447.2 482.0 467.4 448.4 477.0 487.4 498.0 

100.0 337.6 330.8 384.4 387.9 387.1 408.2 464.9 486.0 470.2 499.2 496.4 618.1 636.0 640.9 642.0 661.3 692.7 676.1 

%t': 
260:0 

1017.1 841.4 418 989'7 2 
1462.6 137014 
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163O:S 
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168114 

1094'7 707 3 
1639:4 

1133'3 738 1 
1686:3 
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la0711 
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1792:6 
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1406.3 924.8 1461.1 968.0 1448.0 663.3 1487.7 984.0 1487.7 978.4 1602.6 996.3 1014.6 1641.2 
1947.0 1011.4 2O40.4 2038.1 1087.8 2076.2 2134.6 

300.0 1937.4 lSt6.0 2018.0 2084.4 2031.4 2084.1 2322.1 2377.8 2370.0 2348.8 2477.9 2643.6 X28.4 2870.0 1686.0 2706.4 2704.2 2786.7 
360.0 2446.6 2299.9 2646.4 2829.6 2644.0 2423.9 2922.1 3001.0 2978.4 2949.7 3111.6 3187.7 3294.4 3.349.0 3341.2 3392.9 3382.4 3487.3 

%E 3031. 3831. 3344. 2817. 3109. 3706. 3211. 3824. 3133. 3733. 3200. 3807. 3682. 
6OO:O 

3846. 43a6. 3827. 4310. 3590. 4246. ii:? 3974. E2. 4072. 4833. 4081. 4818. 4124. 4894. 4884. 4104. 4233. 6019. 
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2.6 17.24 17.68 19.29 19.86 20.38 21.36 21.99 22.77 23.24 23.49 24.16 24.44 26.12 26.64 28.14 29.36 28.21 28.81 
3.0 19.66 20.29 21.89 22.03 22.77 23.94 24.83 26.67 24.09 28.82 27.13 27.87 28.24 28.76 29.36 29.67 31.67 32.20 
3.6 21.70 22.66 23.96 24.28 26.03 29.33 27.10 28.17 28.76 29.34 28.91 30.49 31.18 31.70 32.36 32.66 34.49 36.38 
4.0 23.77 24.72 24.12 28.43 27.20 28.42 29.46 30.46 31.27 31.93 32.66 33.17 33.96 34.61 36.19 36.36 37.86 38.36 
4.6 26.78 24.82 28.22 28.62 29.30 30.83 31.74 33.04 33.71 34.43 36.09 36.76 38.41 37.20 37.92 38.11 40.60 41.24 

ii:: 27.74 29.98 30.91 28.88 30.28 32.32 3G.67 32.69 31.34 33.39 36.13 33.00 33.94 38.14 36.38 37.88 38.09 38.42 38.86 39.24 37.68 38.99 40.72 38.24 39.20 41.73 39.82 42.39 40.68 43.17 40.76 43.36 43.27 46.99 44.04 48.79 

::i 33.61 31.40 32.92 34.92 34.33 39.33 34.69 38.68 36.39 37.38 37.24 39.33 38.32 40.47 42.l8 39.94 40.72 43.00 41.69 43.92 42.38 44.76 43.14 46.64 44.22 48.89 44.92 47.41 46.73 48.24 46.90 48.43 48.88 61.31 49.60 62.18 
7.0 36.42 38.91 38.32 38.68 39.37 41.4l 42.41 44.41 46.28 49.23 47.09 47.92 49.13 49.89 60.77 60.93 63.93 64.83 

8.0 39.22 43.88 42.30 42.62 43.32 46.64 49.87 48.86 49.76 60.82 61.78 62.64 63.96 64.80 66.76 66.90 69.14 80.10 
9.0 43.04 44.87 48.29 48,48 47.28 49.71 61.13 63.27 64.24 66.39 68.41 67.36 68.81 69.89 SO.70 do.84 64.32 66.34 

10.0 44.88 48.88 60.31 60.47 61.27 63.88 66.41 67.71 69.73 69.98 41.08 82.09 83.44 94.67 86.44 86.79 49.60 70.68 
11.0 60.76 62.92 64.36 64.49 66.28 68.08 69.71 82.18 83.26 84.68 86.73 88.78 88.49 W.47 70.83 70.76 74.70 76.84 
12.0 64.47 67.01 68.44 68.66 69.34 42.31 84.06 88.67 87.80 98.21 70.44 71.64 73.34 74.39 76.42 76.74 79.92 81.13 

16.0 88.70 49.68 71.01 71.03 71.78 76.29 77.36 80.42 81.70 83.37 84.80 W.08 88.21 89.40 SO.86 90.93 96.86 97.24 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 
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~ECTMIIC 6TOPPIIG PO666 16 IJ6ITS OF lCSV/OIG/SQ C?I) 

2 12 m 
IL.*..**...L.+I 
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118.0 
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SO.62 
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Se:61 
03.00 

Z% 
62:74 

2::: 

81.60 08.46 87.03 
76.61 bS.67 83.31 
72.14 b2.20 80.08 
68.36 69.26 67.26 
66.03 60.63 64.74 
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124.2 
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61.97 
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29.03 
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41.06 
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26.18 
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29.49 27.97 
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2% 
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18.23 17.b4 

20.61 18.46 17.80 18.22 18.48 17.61 17.21 16.68 16.36 
19.63 17.68 lb.97 17.38 17.69 16.89 16.40 16.88 16.60 
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z: 
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2: 60.20 64.,12 47.80 61.69 47.78 61.66 48.09 61.88 47.81 61.46 44.84 48.68 43.42 47.10 40.97 44.69 40.07 43.88 39.00 42.67 38.24 41.77 37.60 41.10 38.23 39.69 36.77 39.17 36.37 38.72 36.46 3S.81 34.00 37.16 33.61 

i-i 
4:6 

6b.93 68.96 64.30 W.27 64.26 66.21 64.60 66.67 64.23 6b.26 '63.30 61.30 49.78 61.76 47.28 49.26 48.38 48.38 46.22 47.22 44.39 40.37 43.71 46.68 42.28 44.24 43.66 41.72 41.23 43.13 41.32 43.23 41.32 39.63 g.;; 40:84 
60.42 67.70 67.62 67.99 67.73 64.78 63.22 60.74 49.87 48.72 47.87 47.18 46.74 46.16 44.69 44.08 42.69 42.19 

6.0 81.46 6S.72 68.64 69.02 68.80 66.88 64.30 61.86 61.00 49.86 49.00 48.31 46.89 46.28 46.70 46.80 43.74 43.23 

2: 62.68 82.19 69.93 69.44 69.36 69.86 80.23 69.74 bo.10 69.67 66.b4 67.20 66.08 66.86 62.8S 63.29 61.86 62.48 60.72 61.36 49.86 60.60 49.18 49.82 47.77 48.43 47.16 47.82 48.66 47.20 40.66 47.29 44.64 46.15 44.02 44.82 

t:: b3.16 62.99 SO.24 a.42 60.33 W.16 60.66 b0.72 60.46 6CJ.86 67.68 67.82 6b.04 W.29 63.72 64.01 62.94 63.26 61.82 62.16 60.97 61.30 60.64 60.30 48.93 49.29 48.32 48.68 47.68 48.03 47.77 48.13 46.60 45.93 46.08 46.39 

Z:X 62.87 03.16 80.46 W.20 SO.37 do.13 do.76 b0.62 60.76 SO.66 67.98 67.86 66.48 6b.39 64.29 64.28 63.67 63.69 62.49 62.64 61.66 61.73 61.02 61.10 49.71 49.83 49.11 49.26 48.44 48.67 48.63 48.66 46.31 48.43 45.77 45.89 
Z-8 

12:o 

62.40 61.80 69.77 69.22 69.70 69.16 OG.09 69.64 00.17 69.66 67.63 67.09 6b.10 66.69 64.07 63.73 63.41 63.10 62.40 62.11 61.60 61.33 60.99 60.74 49.7b 49.66 49.19 49.00 48.60 48.30 4S.69 48.39 42.;; ii.;: 

61.13 68.69 68.64 68.92 69.07 66.68 66.19 63.30 62.70 61.74 60.97 60.40 49.24 48.71 48.01 48.10 46:90 46:37 

16.0 68.91 W.61 6b.47 66.86 67.06 64.72 63.44 61.73 61.20 60.31 49.69 49.07 48.00 47.62 48.82 48.91 44.77 44.27 
28 66.19 61.83 62.99 49.78 62.97 49.79 63.33 60.13 63.62 60.46 48.64 61.61 47.49 60.38 4.3.87 46.17 48.43 46.79 46.08 47.04 48.99 44.48 4b.62 44.06 46.68 43.21 46.18 42.87 44.48 42.20 44.67 42.28 42.66 42.10 

2:: 48.88 4b.30 46.97 44.61 16.99 44.64 47.32 44.86 47.67 46.22 46.69 43.66 44.93 42.67 43.74 41.68 43.40 41.28 42.78 40.69 42.20 40.17 39.82 41.82 41.04 39.10 40.76 38.86 40.10 38.22 38.30 40.18 g.3; 3b:S2 :.9$ 38:25 

Z:8 44.03 422.03 42.34 40.43 42.39 40.48 42.69 40.77 43.06 41.14 41.61 39.68 40.67 38.89 39.67 37.96 39.40 37.71 38.84 37.19 38.36 3b.74 38.04 36.44 37.37 36.81 37.14 36.81 36.03 38.64 38.82 36.11 2.;; z.$;I 

m:o Ez.8 

40..26 3S.72 3S.78 39.06 39.43 3S.04 37.30 3b.43 3b.20 36.72 36.28 36.00 34.41 34.23 33.67 33.76 32:29 31:98 

38.66 37.21 37.19 36.81 37.26 36.88 38.14 37.63 37.90 36.61 3b.68 36.26 36.87 34.68 36.06 33.80 34.84 33.81 34.38 33.17 33.97 32.78 33.70 32.63 33.14 31.99 32.98 31.86 32.44 31.32 
32.61 31.12 30.82 
31.40 30.06 23.77 

A:: 36.91 34.72 34.68 33.42 33.49 34.63 34.89 33.74 36.26 34.10 34.04 32.94 33.40 32.33 32.67 31.63 32.48 31.46 32.07 31.08 31.89 30.70 31.46 30.47 30.96 29.98 30.81 29.86 30.30 29.37 30.37 29.44 29.09 28.20 28.81 27.93 

100:0 E-8 

32.82 3l.41 31.49 31.72 32.08 31.00 30.43 29.79 29.64 29.28 28.94 28.73 28.28 28.17 27.71 27.78 26.81 28.37 

30.84 29.30 29.70 2S.22 29.78 28.30 30.00 20.61 30.36 28.86 29.34 27.90 28.81 27.40 28.22 26.86 28.08 2b.73 27.76 26.42 27.43 26.12 
27.24 

28.82 26.66 2b.73 26.46 
28.29 X.36 26.25 26.02 

26.94 26.06 26.11 24.07 23.85 

160.0 23.90 23.03 23.11 23.29 23.60 22.84 22.46 22.06 21.96 21.72 21.49 21.36 21.06 20.99 20.65 20.71 19.86 

i%8 20.67 18.63 19.96 17.98 19.94 17.78 20.10 17.92 20.38 18.19 19.74 17.bb 19.42 17.48 it.17 19.09 17.18 19.02 lb.98 18.83 18.63 lb.73 18.62 16.69 18.27 16.61 18.21 lb.38 17.93 16.12 17.98 lb.17 17.73 18.06 ;;%f; 16.63 

Et8 17.16 16.04 lb.67 16.49 lb.38 16.32 lb.43 16.38 16.67 16.60 lb.29 16.26 16.12 16.09 16.84 14.83 14.84 16.86 16.67 14.68 14.47 16.44 16.41 14.44 14.28 16.24 16.13 14.M 14.89 13.96 14.94 14.00 14.82 13.89 14.36 13.47 

%?I 
do 

16.18 14.48 13.99 14.66 13.86 14.60 14.66 13.89 14.77 14.10 14.43 13.78 14.29 13.64 14.06 13.42 14.06 13.43 13.90 13.28 13.70 13.09 13.68 13.07 12.94 13.64 13.44 12.86 13.23 12.66 13.27 12.69 13.17 12.68 12.77 12.21 
13.92 13.44 13.31 13.36 13.6b 13.26 13.12 12.90 12.92 12.77 12.60 12.67 12.46 12.3b 12.17 12.21 12.10 11.75 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

E/A 

l .  .  .  .  .  .  

2.6 

z 
4:o 
4.6 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

239 
RAIGE II WITS OF RV/Sq Q1 VP 101s 

93 

BE 
4 

. ..*.** 
6.680 

9.011 

8' 12 
10 AL SI CA n at FE III aJ GE 

13 14 2Q 22 24 26 28 29 32 
'*.+~*.+******+**LLL+**.**.***.*.*********.*****************.*...***.**.***.*. 

6.380 9.003 8.980 8.820 10.499 11.340 11.90% 12.320 12.780 13.070 14.000 
7.184 9.970 9.999 9.831 11.847 12.877 13.316 13.779 14.283 14.87% 16.719 
7.948 10.913 lO.VV2 10.814 12.766 13.963 14.866 16.176 16.716 16.206 17.362 
8.691 11.846 11.971 il.?83 13.840 16.218 16.981 16.633 17.104 17.%87 18.931 
9.413 12.773 12.946 12.746 14.913 16.467 17.276 17.867 18.4%% 19.139 20.477 

s.6 Sit 2rt It0 
34 38 40 42 

~+*+**++*+**.******.**.*****, 
14.470 16.067 16.280 16.621 
16.284 18.939 17.189 17.607 
18.004 18.720 18.V94 19.381 
IV.%%6 20.437 20.733 21.186 
21.287 22.112 22.429 22.941 

6.0 9.624 10.161 13.702 13.920 13.706 16.980 17.686 18.669 19.187 19.812 20.672 22.001 22.884 23.760 24.09% 24.666 26.999 26.196 
6.6 10.238 10.880 14.636 14.897 14.670 17.046 18.911 19.837 20.600 21.148 21.996 23.612 24.468 26.391 26.744 26.371 27.831 28.014 
8.0 10.8%4 11.612 16.673 16.880 16.%38 18.113 20.137 21.114 21.811 22.479 23.413 26.016 26.040 27.011 27.382 28.062 29.641 29.91% 
8.6 11.604 12.349 16.620 16.871 I%.613 19.186 21.3%7 22.392 23.123 23.810 24.829 2%.618 27.609 28.626 29.013 29.746 31.437 31.808 
7.0 12.166 13.094 17.476 17.871 17.696 20.263 22.601 23.67% 24.438 26.144 28.247 28.020 19.178 30.238 30.042 31.426 33.223 33.396 

8.0 13.60 14.61 19.42 19.90 19.69 22.44 26.09 26.26 27.09 27.82 29.10 31.04 32.32 33.47 33.90 34.79 3%.78 38.97 

10':: 14.90 16.38 17.7% 16.16 11.40 23.43 21.97 24.09 21.63 23.71 24.0% 20.92 27.62 30.19 28.8% 31.64 29.77 32.49 30.63 33.28 31.98 34.89 34.08 37.16 36.60 38.70 39.72 40.01 37.19 40.60 41.67 38.17 40.34 43.92 40.66 44.16 
11.0 17.87 19.39 26.61 26.26 25.83 29.22 32.81 34.26 36.26 36.06 37.86 40.28 41.96 43.33 43.86 46.02 47.62 
12.0 19.44 21.08 27.64 28.48 28.01 31.68 36.48 37.01 38.06 38.89 40.86 43.46 46.24 46.70 47.24 48.60 61.16 

:;.g 
. 

16.0 24.48 26.41 34.33 36.46 34.82 38.89 43.79 46.67 46.78 47.67 60.18 63.26 66.42 67.09 67.70 69.23 62.31 82.81 
20.0 33.96 J8.22 40.46 48.07 47.16 62.06 68.67 60.89 62.36 83.29 66.71 70.86 73.46 76.47 76.18 78.16 81.84 82.72 
26.0 44.72 47.18 69.80 61.92 do.68 66.39 74.86 77.49 79.21 80.16 84.68 89.40 92.86 96.20 96.99 98.40 102.84 103.98 
30.0 66.70 69.24 74.29 76.97 76.32 81.88 92.29 96.37 97.32 98.27 103.74 109.48 113.63 116.27 117.14 119.98 124.73 126.60 
36.0 89.86 72.3% 89.90 93.16 91.08 99.48 110.96 114.48 116.66 117.68 124.17 130.87 136.73 138.86 139.69 142.87 148.10 160.66 

40.0 84.16 8%.60 106.68 110.46 107.90 li8.14 130.78 134.76 137.18 138.06 146.81 163.61 169.12 162.32 183.31 167.03 172.73 176.79 
46.0 99.63 101.64 124.30 128.80 126.76 134.84 161.7% 166.18 168.84 169.66 168.64 177.38 183.7% 187.23 188.26 192.42 198.69 202.29 
60.0 116.97 117.73 143.02 148.19 144.60 164.64 173.83 178.72 181.62 182.36 192.62 202.43 209.62 213.34 2l4.41 219.01 226.84 230.02 
66.0 133.43 134.76 162.71 168.67 164.41 176.21 196.99 202.36 206.48 206.10 217.72 228.04 236.66 240.62 241.72 246.79 163.86 268.96 
60.0 161.90 162.69 183.36 189.93 196.16 196.84 211.18 227.03 230.39 230.90 243.90 266.97 284.86 269.06 270.18 276.69 283.22 289.04 

66.0 171.3 171.6 204.9 212.2 206.8 219.4 248.4 262.7 266.3 268.7 271.2 284.4 294.2 298.6 299.7 306.7 313.7 320.3 
70.0 191.7 191.2 227.4 236.6 229.4 242.8 272.6 279.4 283.3 283.6 299.4 313.9 324.8 329.2 330.4 336.8 346.3 362.6 
80.0 236.2 233.0 274.9 284.8 277.1 292.3 327.9 336.8 340.0 339.9 369.0 376.0 388.8 393.7 394.8 402.2 411.6 420.6 
90.0 282.3 278.1 326.6 337.2 328.1 346.2 386.9 396.8 400.6 400.0 422.6 442.1 466.7 Q82.2 483.3 471.7 482.0 491.6 

100.0 332.7 326.2 379.9 393.0 382.4 401.3 449.6 469.6 464.7 483.7 489.6 612.1 628.8 634.6 636.8 646.0 666.3 MI8.6 

::::: 1001'6 832 1 

142919 

609 964’6 6 

134917 

1076’1 694 9 

1608:s 

1110:-r 718 1 1079 697.8 4 

1617:3 

1117 726.6 6 

1662:s 

1246.9 811.6 1269.9 827.6 1278.3 834.9 1269.7 830.8 1339.7 876.7 138%.2 816.0 1431.6 943.7 1448.2 961.1 1447.9 961.7 1467.7 90.0 1482.6 982.7 1620.8 1003.7 

260.0 1668.4 1742.1 1777.4 1781.4 1787.0 1864.4 1919.6 1983.2 2011.9 2009.6 2038.8 2046.2 2104.8 
300.0 1906.8 1788.1 1987.8 2063.4 2001.2 2063.6 2186.0 1342.9 2336.4 2314.6 2441.8 2608.6 2690.3 2%31.4 2826.6 2%%5.4 2866.4 2746.7 
360.0 2426.1 2264.1 2607.1 2689.6 2626.1 2684.6 2878.3 1866.2 2934.0 2906.8 3066.2 3140.4 3246.6 3299.6 3291.8 3342.9 3332.9 3436.1 

400.0 2983. 2773. 3081. y3;. go;. 3161. 3608. 3609. 3672. 3636. 3729. 381%. 3943. 4011. 4000. 4062. 4043. 4170. 
460.0 3672. 3311. 3847. 3748. %I: 4297. 4244. $I$. 4428. 4627. 4679. 4769. ;;;i: 4820. 4790. 4942. 
600.0 4191. 3876. 42%0. 4400: 4293: 4374. 6017. 4947. . 6160. 6271. 644%. 6642. 6611. 6671. 6749. 

.*...+*..***$*,.....****.******~***.*.*.**.*.*.*......~.**.**..***..****..***..~..*......*...*****.***.***~......*..*.....*.~.....*. 
WA SE n BA LA Pft sn GD BQ In LU TA SE IB AU F% BI Ts 

60 62 6% 67 69 62 64 67 69 71 73 76 n 79 82 83 90 9z" 
.~.*l..*..C...**.*.****~**.***.**.******.......**..****..*.****.********..**...*~*..~****.~*.****.*.***..*......***..*..*~...*~.~.~* 

2.6 17.19 17.82 19.21 19.67 20.28 21.29 11.89 22.87 23.13 23.67 24.03 24.61 26.00 26.46 26.06 26.2% 28.11 28.68 
3.0 IS..48 20.22 21.61 21.96 22.68 23.84 24.63 26.4% 26.98 26.60 27.01 27.64 28.14 28.63 29.28 29.49 31.46 32.07 
3.6 21.63 22.47 23.87 24.19 24.94 X.23 26.99 28.W 28.63 29.22 29.70 30.36 31.06 31.69 32.27 32.47 34.67 36.22 
4.0 23.69 24.63 26.03 26.34 27.10 28.61 29.34 30.63 31.16 31.80 32.41 33.03 33.81 34.3% 36.10 36.29 37.63 38.21 
4.6 26.69 26.73 28.13 28.43 29.20 30.72 31.62 32.92 33.68 34.29 34.96 36.60 36.47 37.07 37.82 38.01 40.37 41.09 

5.0 27.66 28.78 30.18 30.47 31.26 32.8% 33.84 36.26 36.96 35.71 37.41 38.10 39.06 39.68 40.47 40.66 43.13 43.88 

:.: 
6:s 

31.49 29.68 30.80 32.81 32.21 34.21 32.48 34.47 33.27 36.26 36.00 37.10 JB.02 38.18 37.63 39.79 40.66 38.27 41.43 39.09 39.83 42.21 40.66 41.97 41.67 44.06 42.24 44.76 43.08 46.60 43.24 46.78 46.84 48.60 48.62 49.32 
33.40 34.79 Jo.20 36.46 37.26 39.19 40.32 42.02 42.83 43.76 44.67 46.36 4%.61 47.24 48.12 48.29 61.14 61.98 

7.0 36.29 36.77 38.18 38.42 39.22 41.28 42.46 44.24 46.08 48.04 46.90 47.72 48.94 49.71 60.62 60.78 63.76 64.62 

1o:o :.: 

39.07 40.73 42.14 42.36 43.16 46.38 48.68 48.66 49.66 60.61 61.64 62.42 63.77 64.69 66.67 66.73 68.93 69.8% 

42.88 46.68 44.69 48.67 46.11 60.10 rM.29 60.26 47.09 61.06 49.61 63.66 
60.92 63.06 64.01 66.16 66.17 67.10 68.67 69.46 60.60 80.64 84.08 66.08 
66.17 67.4% 68.48 69.71 60.79 61.78 63.36 %4.30 66.42 66.68 69.23 70.29 

11.0 60.63 62.69 64.12 64.26 66.04 67.82 69.44 61.89 62.96 84.29 66.43 60.48 88.18 69.17 70.36 70.48 74.39 76.61 
12.0 64.41 68.74 68.18 68.29 69.07 62.02 83.76 66.3% 87.48 88.89 70.11 71.20 73.02 74.0% 76.32 76.44 79.6% 80.7% 

16.0 86.36 89.20 70.64 70.87 71.41 74.91 78.96 80.01 81.27 82.93 84.3% 86.61 87.76 88.96 SO.43 90.62 96.39 98.76 

30:0 :k?: 

87 32 

109-67 133143 

91.04 92 60 

116'77 140:49 

92.38 93.02 97.42 VS.98 103.77 106.27 107.34 109.11 110.62 113.30 114.74 116.61 116.66 122.76 124.43 

114 139:06 32 116 140104 60 
00 

116 140:38 121.32 146.%8 
124.43 128.94 130.66 133.13 136.26 137.02 140.23 141.89 144.20 144.18 161.69 163.67 
160.31 166.64 167.47 160.3% 162.84 184.88 168.62 170.49 173.26 173.18 181.94 184.24 

36.0 168.66 166.20 166.62 166.99 166.13 173.39 177.61 183.67 186.71 189.02 191.88 194.16 198.46 200.64 203.79 203.66 113.81 216.46 

40.0 186.0 192.7 194.1 193.3 193.2 201.6 206.3 213.0 216.4 219.1 222.3 224.9 229.7 232.0 236.8 236.6 247.2 260;2 
46.0 212.8 221.6 123.0 222.0 221.6 231.0 236.4 243.8 248.4 260.6 264.2 267.0 262.4 264.9 269.2 288.9 282.0 286.4 
60.0 24l..9 261.8 263.2 261.9 261.3 261.7 287.8 276.0 278.7 283.3 287.4 290.6 286.6 299.1 304.0 303.6 318.3 322.0 
66.0 272.2 263.3 284.6 283.1 282.2 293.8 300.4 309.4 312.4 317.4 321.9 326.3 331.9 334.7 340.2 339.7 366.0 360.1 
80.0 303.7 318.1 317.3 316.6 314.4 327.1 334.4 344.1 347.3 362.8 367.7 381.4 388.8 371.6 377.7 377.1 396.1 399.6 

66.0 336.4 360.1 361.2 349.3 347.7 Ml.6 389.6 380.1 383.6 389.6 394.8 398.7 406.6 409.7 416.6 416.8 436.6 440.4 
70.0 370.3 386.2 386.3 384.1 382.2 397.3 406.9 417.3 420.9 427.4 433.1 437.3 446.8 449.1 466.6 466.8 477.3 482.6 
it: 441.3 616.7 469.1 637.4 460.0 638.1 467.2 634.7 464.6 631.1 472.1 661.4 482.2 662.9 496.2 677.7 499.2 682.1 608.7 690.6 613.4 698.2 %Q3.6 618.2 614.7 627.9 618.7 631.6 629.0 640.4 627.8 639.4 666.8 M14.6 863.7 670.6 

100.0 696.3 620.0 620.6 616.6 611.9 636.0 848.0 b64.6 609.3 678.9 887.6 693.6 706.1 710.4 722.2 720.8 763.8 761.8 

160.0 1061. 

:z :z:. 

1084. 

:z:. 

1112. 1168. 1181. 1206. 1226. . 1249. 1304. 1317. 

200.0 1692. 1839. 2243: 2931. 1677. ::z 3220. 2476 : 1809. 1837. 5%. ::;: 1870. 1938. ZE 2202. 2286 : 2187: 2989. 2270. 

ii;:.: Z%: ET. , 

ii?:. 2491. 

3786: %. . 

;;f;. 2639: 3300. 2681: 3363. gm:  $8:;. %: 

360.0 3744. 3673. 3968. 4020. 4093 : 4117. 4183. 4171. 4268: :Kic . 

400.0 4360. 4620. 
6271: bX% 6240: 262;. 6166: 44l4. 

4691. 4864. 4742. 4760. 4806. 
%: 6693. 6118: z%. 8799: 4%;. Ml;. 6842: 

6084. 6049. 6143. 6278. 
% : 6008. 6166 _ %227. 6366. 6439. 6324. 6404. 6610. 6621. 6813. 6628. 6620. -3. 6%%6. %x2. 6988. 8931. 6970. ?041. 8072. 7234. 8236. 
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F. HUBERT, R. BIMBGT, and H. GAUVIN Renges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

&EcTMIIC SrOPPIlG POWER II USITS OF mv/taa/sq a) 
239 

Pu 101s 
94 

WA RN 
EC 12 

lk3 AL SI CA TI CR FE II aJ GE SE SR ZR 
4 13 14 20 22 

II0 
24 28 28 29 32 

rls 
34 38 40 42 46 4:" +L*+~.+...*..++**+.**~***.*.*~.*.~*.*...*....*.~*~....**.*..**...~**.*.*..*~***.*.**...*~~~*.***.**.~****~*.**.*~*****.**.**.******* 

2 206.7 208.0 143.a 164.0 122.1 126.4 116.8 120.0 118.6 121.0 102.1 lOT.0 E:! 8.Z . iti 2 

i:f 

2X 
207.6 lSO.2 128.7 122.3 123.8 110.0 

28 ii:: :*; 

206.3 183.6 129.7 123.6 124.9 111.8 ET" Et g.1 it-: 
s1:1 

. 202.3 146.3 130.0 123.9 126.6 112.7 97:8 93:6 SO:9 ES:1 iti:: 

2: 198.9 196.2 186.3 166.7 129.7 129.0 123.7 123.1 126.4 126.0 113.1 113.1 !ES ii:2 91.8 Et:: .E:: 23 ;:.: 2:s 
191.3 

ii:: 
184.4 128.1 122.3 124.2 112.8 70:s 

187.6 183.0 127.0 121.4 123.3 112.3 
3*x it-:: ito z: EX 

183.7 181.4 126.8 120.3 122.3 111.8 S7:6 eJ:9 90:4 86:O 90:2 w*: . 

1010 t-g 
178.4 167.8 123.2 117.9 120.0 110.0 
183.2 189.8 163.8 149.8 117.7 120.4 116.3 112.8 117.6 116.0 108.1 108.1 Z:i E:X ii:: Z:Z ii:: EX 

:::: 167.3 161.9 146.8 141.9 116.0 112.4 110.2 107.8 112.6 110.1 104.1 102.1 if*: ES:8 ZK 8710 ii*: 86:3 z-: 84:s i:*: 7919 %i 76:s 

‘2:.8 137.8 120.0 131.3 118.8 106.2 101.0 103.3 72.3 6S.7 68.3 87.9 

26:0 log.; 1og.t 2: 

E:8 s8:s es:1 E':i 

81.98 83.01 70.68 68.11 70.02 96.76 69.48 68.18 67.63 67.08 64.68 62.17 60.62 49.98 49.86 
78.46 

48.90 48.06 46.88 
n.86 88.88 S4.38 88.19 93.23 66.40 66.21 64.83 64.81 61.88 49.62 48.07 47.68 47.60 46.88 46.87 

71.78 
44.76 

73.43 a.26 81.09 82.86 80.18 63.70 62.60 62.07 62.28 49.48 47.37 46.90 46.47 46.41 44.88 43.93 42.86 
67.78 Se.68 80.28 68.22 69.92 67.44 61.31 60.29 49.81 60.03 47.37 46.36 43.97 43.69 43.66 42.86 42.18 

80.0 
41.16 

84.26 .W.Zl 67.61 66.88 67.31 66.03 49.18 48.23 47.79 48.02 46.47 a.67 42.24 41.90 41.87 41.22 40.80 39.82 

86.0 81.18 83.22 66.24 63.41 64.98 62.86 47.27 44.37 46.97 46.21 43.77 41.96 40.88 40.38 40.38 39.76 39.16 38.23 
70.0 68.42 80.66 63.11 61.38 62.89 60.90 46.64 44.89 44.32 44.67 42.22 40.48 39.28 38.99 38.98 38.41 37.88 38.98 

1oo:o ii*: 

63.78 66.00 49.42 47.82 49.26 47.60 42.64 41.77 41.46 41.71 39.62 37.91 38.78 38.66 38.68 38.06 36.66 34.74 

48.78 49.06 62.23 49.06 48.34 43.72 44.88 42.34 43.82 48.21 42.20 44.84 40.01 37.84 39.30 37.19 38.94 39.02 37.22 39.29 37.24 36.28 36.74 33.87 34.88 32.88 32.72 34.60 34.61 32.74 34.06 32.32 33.69 31.90 32.84 31.20 

160.0 38.28 38.62 34.83 33.78 34.79 33.82 30.40 29.92 29.77 30.06 28.61 27.41 28.62 28.64 28.68 26.28 26.96 26.47 
200.0 30.38 32.82 29.86 28.89 29.80 29.04 26.08 26.69 26.06 26.94 24.68 24.18 23.37 22.88 22.94 22.82 22.84 22.03 
260.0 20.88 29.18 28.66 26.80 26.39 26.99 23.38 22.67 23.01 23.28 22.07 21.71 20.99 20.66 20.64 20.28 20.66 19.86 
Et8 22.66 24.46 24.74 28.83 24.38 22.69 23.61 21.97 22.49 24.16 22.20 23.82 21.42 19.97 20.61 19.24 21.12 19.70 21.36 19.96 20.27 18.92 19.94 18.81 18.00 19.28 18.90 17.86 17.74 18.98 17.46 18.67 18.92 17.66 it.10 18.28 

z!E 

600:0 

21.27 20.18 22.13 23.28 20.34 21.38 20.70 19.89 21.20 20.17 20.94 19.93 18.84 17.94 17.32 18.17 17.72 18.60 17.96 18.84 17.87 17.04 18.74 17.67 17.00 18.21 16.89 16.92 16.99 16.77 18.60 16.74 16.96 18.72 16.44 16.16 

19.31 21.20 19.49 18.87 19.34 19.12 17.21 18.83 if.01 17.23 18.38 16.07 16.66 16.29 16.38 16.12 16.32 14.83 

.CI..l~**I..**....*.*......*.*..*.***.....~*.*.....****.....*.****~~**..**.~..***.***.*.*.....*~~.*.**.*~***..~***..**...*.*.*.**... 
WA sl TE EA LA Fn SR 

60 62 66 67 69 62 
r..*....+*~..**.++****.*.........*.*...****.*.*. 

2.6 60.41 48.00 47.97 48.29 47.81 46.02 

33:: 64.41 67.28 64.64 61.80 64.68 61.81 64.93 62.16 64.66 61.72 48.83 61.81 

t:: 60.88 69.39 68.86 68.12 68.68 68.04 68.96 68.42 60.63 66.16 63.88 66.17 

Go SO m Lu TA RE IR AU Ps 61 lx 
64 67 89 71 73 76 77 79 82 83 90 92" 

.~.......+**....+*****.*..*..***.**..*.*..**..**~.**..*~.~*.**....*.*~*.~**.*.**~*. 
43.00 41.13 40.23 39.16 38.39 37.76 36.38 36.91 36.61 36.60 34.13 33.74 
47.34 44.82 43.91 42.79 41.9s 41.31 39.69 59.37 36.92 39.01 37.36 36.92 
60.08 47.64 48.83 46.49 44.86 43.97 42.63 41.97 41.47 41.67 39.76 39.30 
62.10 49.67 49.68 47.63 48.68 46.98 44.64 43.96 43.42 43.61 41.60 41.11 
63.80 61.10 60.23 49.07 48.21 47.61 46.07 46.47 44.91 46.00 43.00 42.49 

i:: 61.96 132.71 69.18 69.93 69.10 69.86 SO.23 69.48 80.06 69.26 68.29 67.10 64.71 66.63 62.26 633.11 61.40 62.27 60.24 61.13 49.37 60.26 48.88 49.67 47.26 48.16 46.84 47.63 46.06 49.93 46.14 47.02 44.07 44.90 43.56 44.37 
i-i 

710 

83.60 63.23 80.46 SO.78 90.38 80.70 80.76 81.09 80.99 do.61 67.89 68.09 68.12 68.63 64.19 63.74 62.93 63.40 61.79 62.27 61.41 60.92 60.74 60.24 49.36 48.84 48.22 48.74 47.69 48.10 47.69 48.19 46.63 48.00 46.46 44.99 

83.74 80.98 60.89 61.28 81.21 68.34 68.80 64.61 63.74 62.82 61.77 61.10 49.74 49.12 49.47 48.66 48.36 46.60 

82 S3.78 63.62 SO.82 61.04 a.74 80.96 61.36 81.13 61.34 81.17 68.44 68.64 67.03 68.98 64.82 64.83 64.08 64.13 63.00 63.07 62.26 62.16 61.61 61.82 60.18 60.33 49.74 49.68 48.90 49.06 49.16 49.00 48.76 48.89 46.36 48.21 

:?: 
12:o 

63.08 62.48 80.41 69.87 SO.34 69.81 80.73 80.19 80.81 80.31 68.14 67.71 68.89 68.29 64.84 64.31 63.98 63.88 62.96 62.88 61.14 61.89 61.62 61.29 60.28 60.08 49.71 49.63 49.00 46.82 49.10 48.91 46.86 46.67 46.30 46.13 
61.83 69.26 69.20 69.68 69.73 67.19 66.81 63.90 63.29 62.32 61.64 60.98 49.79 49.26 48.64 48.63 46.40 46.87 

16.0 69.83 67.19 67.16 67.63 67.76 66.39 64.08 62.36 61.81 60.91 60.18 49.66 48.67 48.09 47.37 47.46 46.30 44.79 
2: 66.92 62.64 63.88 60.47 63.66 60.48 64.03 60.82 64.31 61.16 49.20 62.18 48.14 61.01 4S.60 48.80 4S.06 W.41 48.28 46.09 46.08 47.69 44.66 47.12 43.79 46.18 43.46 46.76 46.06 42.77 46.14 42.86 40.94 43.10 40.60 42.83 

E:"o 49.68 48.98 47.64 46.17 47.67 46.20 48.00 46.62 48.36 46.89 48.66 44.21 46.67 43.30 44.38 42.19 44.02 41.89 43.38 41.28 42.80 40.76 42.42 40.41 41.62 39.67 41.33 3S.42 40.67 38.78 40.76 38.04 38.96 37.18 38.64 38.78 

E:: 44.70 42.49 42.99 41.08 43.03 41.11 41.41 43.34 43.71 41.78 40.29 42.14 41.28 39.49 40.27 38.66 39.99 38.30 39.43 37.77 37.31 38.94 37.00 30.81 37.93 38.36 38.16 37.70 36.67 37.09 36.66 31.17 36.66 34.10 33.77 36.19 

w:o Z.8 
40.89 39.34 3S.40 39.88 40.06 38.66 37.89 37.01 38.77 38.28 36.84 36.66 34.96 34.77 34.20 34.28 32.80 32.46 
39.28 37.82 37.79 38.40 37.86 38.47 38.74 38.13 38.61 37.11 37.17 36.83 38.46 36.14 36.82 34.36 34.18 36.40 34.93 33.71 34.62 33.31 33.08 34.24 33.68 32.62 33.61 32.37 32.96 31.83 31.91 33.03 31.62 30.66 30.26 31.32 

%8 38.61 36.30 36.14 33.98 34.06 36.21 36.47 34.31 34.86 36.84 34.61 33.49 32.87 33.96 32.16 33.21 31.98 33.02 32.SO 31.68 32.22 31.21 31.97 30.98 31.46 30.49 30.38 31.32 30.80 2S.86 30.87 29.93 29.67 28.66 29.29 28.40 

EI 33.19 31.38 31.96 Jo.22 32.03 30.30 32.27 30.63 32.83 30.88 31.63 2S.86 30.96 2S.31 30.31 28.72 30.16 28.67 29.78 28.23 29.44 27.91 29.22 27.71 28.77 27.29 28.89 27.19 28.18 28.74 28.26 28.81 27.07 26.69 26.82 26.46 
100.0 29.82 28.72 28.80 29.02 29.37 28.40 27.89 27.34 27.21 26.80 28.69 26.40 28.00 26.91 26.49 26.66 24.49 24.27 

160.0 

%:8 
ZE:: 

16.49 14.90 14.80 14.86 16.07 14.73 14.68 
14.78 14.28 14.13 14.18 14.39 14.07 13.92 
14.21 13.72 13.69 13.63 13.84 13.63 13.39 

23.64 23.73 24.04 23.27 22.87 
20.32 20.49 20.78 20.12 is.79 
18.13 18.27 18.66 18.01 17.83 
18.71 18.76 17.01 18.01 18.46 
16.84 16.69 16.92 16.68 16.40 

22.37 22.13 21.89 21.76 21.44 21.36 21.03 21.09 20.23 20.06 
19.39 19.20 18.99 18.87 18.82 18.66 18.27 18.33 18.07 17.46 
17.62 17.32 17.09 17.02 16.83 lb.70 16.43 18.49 18.38 16.84 
16.17 16.98 16.76 16.72 16.66 16.43 16.19 16.24 16.12 14.86 
16.16 14.98 14.76 14.73 14.67 14.47 14.24 X4.29 14.17 13.74 

14.36 14.1s 13.99 13.90 13.81 13.72 13.60 13.64 13.43 13.03 
13.71 13.68 13.38 13.34 13.20 13.11 12.91 12.96 12.64 12.46 
13.18 13.04 12.86 12.83 12.70 12.62 12.42 12.46 12.36 12.00 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

SAIGE II UIIIS OF nwsq a! 
23s 

Pu 101s 
94 

WA B6 lc AL 
4 6" 12 13 

..*l+,*...*.~.tLI+.*~.*.*..***.**.~ 
3:: 7.201 6.630 6.330 7.131 a.934 8.894 S.SPf B.SlO 

3.: 
416 

7.782 8.360 7.690 a.627 10.63c 11.766 lO.eoe 11.87S 
8.O4T 0.363 12.674 12.846 

SI CA TI a FE 61 (21 GE SE SR 23 Ho nil 
14 w 22 24 26 28 29 32 34 38 40 42 46 4" ~*.**.**...******+.*.*******.***...**.***.. I***.**.*.+***.******.****.**********.**.* +****.**.*...* 
6.760 10.404 11.240 11.808 12.220 12.670 12.9eO 13.880 14.360 14.939 16.160 16.397 
9.766 11.646 12.sd9 13.209 13.671 

16.848 16.260 
14.1e4 14.667 16.690 16.166 16.811 17.069 17.373 18.048 18.377' 

10.731 12.e4e 13.847 14.660 16.068 16.688 16.07'7 17.213 11.864 18.682 18.864 lS.236 
ll.e92 13.723 16.093 16.867 16.406 16.967 17.648 

20.101 20.379 
l&.?62 19.614 20.287 20.681 21.028 22.060 22.299 

l2.d16 l4.78? 16.321 17.142 il.?30 18.319 18.989 20.316 21.124 21.960 22.266 22.772 23.964 24.166 

::: 10.149 9.642 IO.797 10.076 l3.6S6 14 618 

16:448 

13.610 14 7?6 

IS:762 

13.6Sa 14 662 

16:Wl 

16 16.844 SO0 

17:S68 

17.MO 18 766 

19:9e9 

18.414 IS 681 

20:94e 

W 19.039 341 

2l:MO 

W 19.663 978 

22:298 

x).411 2l 822 

231221 

21 23'326 828 

241817 

22 24'277 709 

26:63? 

26'203 23 666 

26:809 

Z3 26'664 919 

27:1?? 

24 2e.174 484 

27:661 

26 27'619 802 

291414 

26 27'197 994 

6.0 lO.zb7 11.622 29:684 
6.6 11.399 12.262 19.3M 16.733 l6.47? 19.020 21.191 22.213 22.940 23.616 24.630 2e.306 27.392 26.406 29.794 29.620 31.194 31.361 
7.0 12.042 12.968 17.330 11.722 i?.US 20.087 22.410 23.483 24.242 24.931 29.034 27.793 28.946 30.007 30.408 31.186 32.984 33.132 

8% 13.3'1 14.76 14.49 16.02 19.26 21.21 21.76 19.73 21.43 is.42 22.24 24.44 24.88 27.38 26.64 26.04 26.86 29.62 27.69 30.27 31.70 28.86 30.78 33.79 32.06 36.20 33.21 38.43 33.64 J(1.89 34.61 37.88 38.49 40.01 

12:o :s 

16.19 17.69 23.22 23.87 

40.22 3-6.67 

23.49 26.67 2Q.92 31.2.I 32.21 32.99 34.69 X.84 38.3'1 30.68 40.16 41.23 

19.23 17.98 

43.66 43.79 

W.81 19.21 26.27 27.38 28.21 29.02 26.69 27.74 31.26 26.94 36.16 32.61 36.67 33.94 37.?1 34.94 38.64 36.74 40.48 37.61 39.92 43.06 41.68 44.64 42.96 4e.29 43.48 4e.83 46.08 44.64 47.12 60.71 47.39 61.03 

16.0 24.19 29.13 33.96 36.09 34.47 38.49 43.36 46.13 48.33 47.21 49.68 62.74 64.89 M1.67 67.17 68.69 61.73 62.23 
20.0 33.61 36.80 46.84 4?.64 4e.63 61.48 68.04 60.24 61.10 62.62 66.01 e9.91 72.70 f4.71 76.41 T7.36 81.01 81.89 
26.0 U.09 49.69 69.09 61.1s 69.96 96.62 74.00 76.62 788.32 79.27 83.64 98.41 91.84 9Q.17 94.96 97.34 101.64 102.87 

Fi?: 68.80 66.87 71.36 68.46 73.37 88.?4 91.96 7e.02 74.39 69.91 80.89 97.24 109.66 91.18 113.06 94.24 116.23 Se.18 116.14 tn.12 102.63 122.86 108.21 129.28 112.32 134.09 114.96 137.00 116.81 137.93 118.62 141.18 123.32 146.38 126117 148.7'7 

%:i 82.84 97.94 100.13 86.26 106.16 122.69 llT.03 108.97 106.47 124.03 114.63 133.03 129.09 149.73 133.02 164.12 166.76 136.43 136.30 167.67 143.97 166.44 161.68 176.08 167.13 181.39 160.31 184.83 161.29 186.86 189.98 164.97 170.62 196.08 173.63 
199.73 

6D.0 114.09 116.96 14l.00 146.10 142.67 162.42 171.46 176.30 179.18 179.90 190.04 199.73 206.84 210.64 211.60 216.16 222.71 
66.0 131.23 132.e7 160.36 lee.16 162.06 172.76 

227.03 
194.23 199.66 202.66 203.2? 214.73 226.62 233.46 237.39 238.48 243.48 260.48 

60.0 149.36 160.29 180.66 197.14 182.46 194.02 218.03 223.82 227.16 
266.60 

227.(KI 240.49 262.41 261.18 266.39 286.48 271.92 279.36 286.10 

.%I:0 tt5.8 
168.4 lea.8 WI.8 109.1 203.7 216.2 242.8 249.1 262.6 263.0 261.3 280.4 290.0 294.4 296.6 301.6 309.3 
231.1 188.4 

316.8 
229.2 166.1 270.6 223.3 231.9 280.2 272.8 226.9 239.2 28-l-Q 322.9 268.6 330.7 276.4 334.9 279.1 334.8 279.4 363.6 296.1 370.4 209.4 382.9 319.9 367.9 324.6 369.1 326.7 39e.3 332.0 340.4 341.8 

90.0 nT.3 
406.6 414.4 

2?3.4 320.6 331.8 322.9 339.8 360.9 389.7 3S4.4 393.9 416.0 436.4 449.8 466.2 466.4 464.6 474.8 
100.0 326.8 320.6 373.7 386.7 376.2 

486.2 
394.9 442.4 462.3 467.4 468.4 482.0 604.1 620.6 628.4 627.6 636.7 647.8 669.9 

%E 
260:0 

620.3 992.3 698.6 936.7 1066.8 982.8 1090.8 706.7 1060.0 886.8 lOS'l.8 714.1 1224.9 797.9 1247.6 813.6 1266.9 820.8 1247.4 816.8 1316.2 8e2.0 1362.0 899.6 1406.6 928.0 1423.0 936.3 936.9 1442.2 960.0 906.6 W-f.1 
1402.0 1629.7 1422.7 1973.6 1466.8 1324.1 1460.7 1489.3 1634.1 1710.4 1746.1 1494.3 1749.1 1736.1 1830.7 1886.0 1947.6 1976.8 2002.4 

300.0 1869.2 1763.7 
W09.7 

lSb0.6 2014.8 1963.6 2016.2 
2087.2 

2246.6 2299.6 2292.2 2271.8 2396.8 240.4 2642.7 2683.1 2678.4 2617.8 
360.0 2377.9 2220.0 X69.2 

2616.7 2896.6 
2640.2 2477.1 2636.6 2824.0 2900.6 2878.8 2861.3 3307.7 3081.7 3186.0 3238.0 3230.6 3280.6 3271.0 3372.2 

400.0 2923. 2719. 3008. 3101. 3026. 3091. 3441. 3640. 3604. 3468. 3936. 
460.0 ;:W& 

3924. 3986. 3967. 
3246. 3676. 3693. 3803. 3976. 

4091. 
4091. 4214. 4162. 4119. 

y: 27:. ~&S"s. 
4eea. 4728. 600.0 . 3rsa. 4e64. 4899. 4lT-r. 4314. 4209, 4289. 4771. 4919. 4861. 4798. 6060. 6170: 6342: 
6436. 6417. 6603. 6464. 

48h3",~ 

.*..*..*.*...***...*.*~***.*..*...*****.******..~****.*....********..~..~..~.*..**..**.*.*****..*****.*~*...*******~*..***~****.**.. 
&/A SI W BA LA PIl SH GO EO l?! LU TA BE, IR AU F'B BI 'T6 

60 62 66 67 69 62 64 67 69 71 73 76 77 79 82 83 90 92" 
*.******1.U.****......*.***..**.**~..****.**.*.~**.****..*..*.**~~*..*.~.*.*.***...*...****..~.~****..~.*..**.****....*.**.*~*...** 

::: if.04 
19.~32 

17.66 20.06 21.42 19.03 19.39 21.76 W.09 22.49 21.09 23.63 21.69 24.31 22.47 26.24 22.93 26.76 23.37 26.29 23.83 26.80 24.31 24.79 26.23 26.81 26.02 27.86 28.43 
27.33 27.92 28.40 

::: 21.46 23.60 
29.02 

22.29 24.44 23.67 26.82 23.99 2e.13 24.73 26.88 
29.22 31.19 31.81 

26.01 28.28 26.76 29.10 27.83 30.29 28.40 30.91 28.99 31.66 32.17 29.66 30.13 30.82 31.34 31.99 32.18 34.28 34.94 
32.?8 33.66 34.11 

26.49 
34.80 34.99 

4.6 26.62 2T.90 
37.22 37.91 

28.20 28.96 30.47 31.36 32.66 33.32 34.03 34.69 36.34 36.19 39.79 37.60 37.69 40.04 40.77 

E:8 
ix. 
7:o 

27.43 
29.36 

E4~E 
36:01 

36.76 
42.61 

Ex: 
63:94 

66.74 
M5.44 

108.60 

::i::; 

42Ta. 

KE: 

28.66 

iE 
34:62 
30.48 

29.94 
31.96 

ii*:: 
37187 

32.61 
34.72 

2% 
40.92 

33.67 

%-I; 
3s:ss 
42.10 

34.97 36.67 36.43 
37.24 37.98 38.79 
39.47 40.26 41.11 
41.69 42.49 43.41 
43.89 44.72 46.69 

38.76 39.38 40.13 40.31 42.78 43.64 
41.26 41.92 42.70 42.87 46.47 48.26 
43.72 44.41 46.23 46.39 46.11 48.93 
46.16 46.88 47.72 47.89 60.72 61.66 
48.67 49.32 60.20 60.36 63.31 64.19 

40.40 41.79 42.00 42.80 46.01 46.30 48.26 49.16 60.21 61.14 62.02 63.36 64.18 
U.32 46.72 46.90 U.70 49.09 60.49 62.61 63.67 64.71 66.72 66.66 68.10 68.97 
48.26 49.67 49.93 60.61 63.19 64.70 66.98 67.99 69.22 eO.30 61.28 

63.78 
62.86 e3.77 

62.23 63.66 64.66 67.32 68.93 61.37 62.43 83.76 64.89 66.93 
66.24 

67.61 ea.69 
67.66 67.77 68.64 61.48 63.19 66.78 88.90 68.30 69.61 70.60 72.40 13.43 

66.10 
69.98 

%:E 
74.66 

66.26 

c-ii: 
69: 86 
74.76 

68.44 69.39 
63.64 64.66 
ea.64 69.71 
73.76 74.88 
78.89 80.07 

80.64 82.18 83.60 84.86 BB.97 SO.16 89.69 89.68 94.62 
104.23 106.29 108.06 109.66 112.20 113.62 116.46 116.48 121.66 
129.28 131.74 133.86 136.60 138.78 140.42 142.e8 142.BB 
166.73 

160.00 
166.60 161.06 163.07 let).78 168.63 171.34 171.26 179.94 

183.67 186.86 189.68 191.94 lQe.20 198.26 WI.44 201.30 211.36 

190.4 191.8 191.0 190.9 lQQ.1 203.8 210.6 212.8 216.6 219.7 222.2 
218.8 220.2 219.2 218.9 228.1 233.4 240.8 243.3 247.6 261.1 263.8 
248.6 249.9 246.? 246.1 268.4 264.3 272.4 276.2 279.7 283.7 286.8 
279.6 280.8 27B.4 278.6 289.9 296.6 306.4 308.3 313.3 311.7 321.0 
311.8 313.0 311.3 310.1 322.7 329.9 339.6 342.1 348.2 363.0 366.6 

233.0 
266.9 
300.1 
336.7 
372.6 

378.3 

:K 
673.6 
669.3 

E.i 
49914 
681.9 
648.7 

227.0 229.3 
;ifi.; f33.1 

327:O 330:4 
3e3.7 366.7 

389.6 393.3 401.1 404.2 
427.1 431.3 439.7 u3.0 
606.0 610.8 620.4 624.0 
689.6 694.8 606.8 09.7 
677.2 083.2 696.6 699.8 

244.3 247.2 
278.6 281.9 

x 
389:s 

3:2: 
39413 

gi.; 
631:8 

g.; 
666:6 

616.7 847.3 
710.0 742.6 

1116. 1140. 1147. 1162. 1176. 1186. 1206. 1211. 
1679. 1714. 1744. 18C4. 1813. 
c%? 2402. 2496. 

37sa: 

%d: 2%. 3086: 22 

3841. 3860. z:. . 4017: ZE. . 

1231. 
1843. 
2636. 
3293. 
4106. 

eo37: aar 
4606. 4667. 4863. 4661. 4716. 4779. 

6202. 6336. 6403. 6614. g. 6689: pg. 

4690. 

6282. Moe. 6397. 6606. 0477. 6678. 
6e63. 
6666. WSS: i;::: 

1228. 
1839. 
2629. 

2:: 

1283. 1298. 
190s. 1937. 
2eo2. 2667. 
3363. 3443. 
4180. 4286. 

:x;:. 
6919: 

:XE: 
6799. 

6047. 6180. 
6967. 6119. 
6907. 7097. 

8.0 
9.0 

2: 
12.0 

16.0 
20.0 
26.0 

%:8 

68.66 
90.13 

113.10 

::3: i: 

69.98 70.01 
91.66 91.46 

114.64 114.26 
138.91 138.47 
164.66 164.06 

70.76 74.21 
92.08 se.44 

114.76 120.03 

::::t: :1:: :: 

76.24 
99.98 

123.11 
148.63 
176.66 

79.27 

:xt 
163182 
181.46 

96.88 
123.22 
161.98 

:2 :7 

ii:"0 

E.8 
eo:o 

346.2 

z:*t 
629:4 
610.6 

1074. 
1624. 

iEli. 
3667: 

z?: 
5: 
s11:o 

lO74. 
1622. 
224e. 

!E: 

%2 
460:s 
626.8 
07.1 

1066. 

::i: : 
2916. 
3e62. 

4436. 4161. 4436. 
6263. 6296. 62eO. 
6107. 6161. 6120. 

1066. 
1693. 
2203. 
2ara. 
3eO6. 

:z 
22ta: 

3e4.6 

3; 
664:6 
e36.3 

374.9 
411.6 
4w.l 
6e9.2 
664.6 

:x 
682:e 
664.1 
760.3 

160.0 

ii%:: 
300.0 
360.0 

400.0 

f::: 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

ELECTROIXC STOPPIIG PGYgR I% WITS OF ?l%V/(HG/SQ a) 
243 

AH 1011s 
96 

E/A %E C ffi AL SI CA TI crt FF. II aJ GE SE SR 2s HO RE 
4 0 12 13 14 20 22 24 28 2% 29 32 34 3% 40 42 46 4:G 

.**1**~*..~......*..***..*..********.**..****.*~.*****.*..*....**..*.***.**.*~....*..**.~..*..*~**.*.*.*.****~*.*.~..****....~**.*** 

::?I 207.6 210.0 144.1 164.8 122.9 127.3 116.4 120.8 121.8 117.2 to2.e 107.6 87.9 
if4 

ii:: z*: et .a it.: I28 
::: 207.e 209.6 101.2 x84.8 129.7 130.8 123.3 124.6 124.6 12e.o 110.8 ii2.e 

g:; . 

91.1 711% 74.0 zc: 7i:e e%:s se:0 
62.2 66.8 ::: 
E:k et.6 

4.6 204.7 160.8 131.1 124.9 126.6 113.7 2:: 76.6 73.1 x . ES (14.4 2:‘: 

::: 201.3 197.8 167.2 106.9 130.3 130.9 124.3 124.8 120.6 126.1 ;;t.; 99.1 96.0 
113:s 113.4 2; i2.i 95:1 

g;:; 2:: 86.1 86.7 80.1 80.7 n.1 76.6 74.1 74.8 53:; 71.8 70.9 86.8 68.4 67.1 
8.: 

7:o 

193.8 190.0 166.0 164.8 129.4 128.3 123.6 122.8 126.6 124.0 

E:I 

E:X Et 86.9 86.9 tz 5S.f -76.2 76.4 TC 7i.i 2: g1.7 

186.2 163.2 127.1 121.6 123.6 112.7 94.8 92.6 91.3 86.8 at:0 77:s 76.6 7418 72:6 Z:“3 E:i 

;:: 172.0 178.9 169.6 166.7 124.6 121.8 lie.6 119.2 121.3 118.9 111.1 109.3 is 2: S!  %i 76.2 74.7 ::z T?z 2: ii% 

10.0 166.8 161.7 119.1 114.1 tie.4 107.3 Z&i %.A 89.2 7617 73.9 7313 7113 11.0 169.7 147.7 118.4 Ill.% 113.9 106.3 72.6 70.4 zz-: z-3 
12.0 164.2 143.8 113.8 109.1 111.4 103.3 90.9 a%:0 

zx 
. 

2.; 
. 

2:: 
7l.B 89.7 %8:9 se:0 

16.0 140.0 133.2 104.6 'O&L; 83.6 82.1 70.0 ts3.2 %%.7 63.4 
E: 121.9 118.6 lo7** 2: 69.6 . 

1;z.g 

3010 ‘“42 81:s FE,: 
8713 

S&.X 

8214 ?3 z:3 
66.6 41.1 %I: E2.i 

zz 

So:1 zx 
FE 

36.0 76.3 731s x 
le.7 
71.9 84.0 2: 8::: 

67.4 66:4 ii:4 
64.1 ES 63.3 62.3 61.3 so:0 

2: 83.44 77.86 84.43 79.20 71.71 47.76 89.20 46.40 71.13 e7.28 67.79 64.24 80.40 67.29 69.0% 64.0% 68.42 66.49 68.67 66.47 66.40 62.8% 62.97 60.40 61.30 48.82 48.32 60.72 48.24 60.61 49.71 47.41 46.6% 48.79 47.69 46.44 
60.0 73.10 74.72 t-4.30 t32.10 %3.%9 81.14 64.67 63.46 62.91 83.12 SO.27 48.12 48.83 46.19 48.13 46.37 44.82 43.63 
66.0 89.01 70.82 61.27 69.20 80.92 68.39 62.14 61.11 60.43 60.86 48.14 48.10 44.49 44.29 44.26 43.64 42.06 41.81 
80.0 06.46 07.40 68.69 60.43 68.2% 66.96 50.01 49.03 4%.6% 48.82 Q8.22 44.29 42.94 42.69 42.6% 41.90 41.2% 40.26 

%:; 42.31 69.63 %4.37 41.47 64.03 60.19 62.26 64.32 63.80 66.93 63.76 61.77 48.07 46.32 47.16 46.46 48.74 46.0% 46.99 46.33 44.60 42.94 41.14 42.66 41.3% 39.92 41.06 39.44 39.63 41.02 40.41 39.06 38.49 39.81 38.86 37.6% 

1oo:o i%: 

64.79 67.04 60.30 48.67 60.12 48.33 43.2% 42.60 42.17 42.43 10.20 38.67 37.42 37.19 37.10 30.47 36.16 36.33 

47.6% 60.91 49.99 63.21 47.1% 44.62 46.66 43.11 47.04 44.41 
46.43 40.71 40.00 39.71 39.9% 37.89 36.37 36.29 36.10 36.11 34.64 34.16 33.41 
42.9% 38.62 37.86 37.61 37.8% 36.91 34.4% 33.46 33.30 33.32 32.89 32.46 31.76 

160.0 37.00 39.27 36.60 34.41 36.44 34.46 30.97 30.49 30.33 30.42 29.04 27.92 27.11 27.04 27.07 26.77 24.43 200.0 30.99 33.47 30.43 2S.4% 30.1% 29.60 26.69 24.09 24.16 26.44 26.06 24.46 23.82 23.30 23.3% 23.68 23.2% ;;.%& 

260.0 27.43 29.77 27.1% 28.32 26.91 zB.61 23.83 23.12 23.46 23.74 22.60 22.14 21.40 20.96 21.04 20.4% 20.96 20:24 
300.0 24.96 27.17 24.87 24.09 24.64 24.30 21.86 21.02 21.64 21.80 20.6% 20.34 19.67 19.2% 19.36 19.04 19.29 
360.0 23.12 26.24 23.16 22.42 22.96 22.46 20.3% 19.43 20.10 20.36 19.31 18.9% 18.36 18.02 18.10 17.60 16.04 

;;A: 
. 

400.0 21.71 23.7% 21.82 21.13 21.43 21.38 19.23 18.64 18.9% 19.22 18.24 17.93 17.36 17.03 17.11 14.84 17.06 16.60 
460.0 20,el 22.6% 20.76 20.10 20.69 20.34 18.31 17.4% 18.0% 18.32 17.39 17.09 16.64 14.26 14.32 14.06 16.27 16.76 
600.0 19.71 21.44 19.90 19.26 19.74 19.61 17.67 14.9% 17.36 17.69 16.70 18.40 16.8% 16.41 16.4% 16.43 16.44 16.14 

.~.***1.****.*.*~.*..*..**.****.*****.******..***.*..***.********....****..***..*.***********.*.****.*****~*****.**~~**.*..~**.*~*.* 

WA sI 62m .6tJBI 67” 6SpR %ZsH cMGD 67” t3Sm 71L” 73” 7BRE 771R 79*” %ZpB %jal 90m 92” 60 
*.~*..~*..C....~.**.***.***.*....****...*.**.*.**..~.*.*..***.~*..*********..*.*..**..*.*.**.****~****.*.***.~~****..........*...*.. 

::i? 60.61 64.6% 48.19 62.12 48.14 62.07 48.4% 62.41 47.99 61.9% 46.19 49.07 43.77 47.67 46.04 41.29 40.36 44.12 39.30 43.00 38.64 42.1% 37.89 41.61 M.61 40.0% 36.04 39.64 36.46 39.10 36.74 39.20 34.24 37.63 33.87 37.10 
3.6 S7:e2 64.96 64.90 66.26 64.8% 61.91 60.3’3 47.81 46.90 46.76 44.91 44.22 42.77 42.21 41.71 41.80 39.99 39.62 
::: 41.30 69.76 67.03 68.64 66.96 68.46 67.32 68.83 67.00 68.64 64.01 66.64 62.43 63.9% 49.89 61.44 48.99 60.6% 47.83 49.41 48.97 48.64 48.2% 47.64 44.82 46.39 44.23 46.7% 43.69 46.22 43.79 46.31 41.86 43.30 :;:;:, 

6.0 62.42 69.63 69.66 69.93 69.71 68.71 66.13 62.64 61.7% 60.62 49.74 49.06 47.60 48.9% 48.39 48.49 44.40 43.8% 

Ei:: 83.22 bJ.76 tJO.42 %0.96 80.33 60.87 60.71 61.24 60.63 61.12 67.64 68.17 66.97 M1.69 63.63 64.1% 62.49 63.34 61.63 62.22 60.66 61.34 49.98 60.88 48.63 49.24 47.91 48.42 47.29 47.9% 47.39 48.0% 46.26 46.90 44.71 46.36 
4.6 %4.12 41.32 41.23 61.42 41.62 68.69 67.02 64.%% 63.88 62.72 61.84 61.1% 49.76 49.16 48.61 48.80 48.39 46.84 
7.0 64.32 41.63 61.44 81.83 61.76 68.87 67.31 64.99 64.21 63.09 62.23 61.66 60.1% 49.64 48.89 Qs.99 46.76 48.20 

8.0 84.39 41.83 61.64 41.94 %I.93 69.10 67.67 56.33 64.60 63.60 62.85 61.99 60.66 60.06 49.34 49.46 47.19 48.64 

to”*: 84.16 63.72 41.43 41.04 01.36 80.96 ei.3e 61.76 61.7% et.44 69.02 68.74 67.62 57.2% 66.37 66.20 64.47 64.53 63.%0 63.49 62.76 62.67 62.13 62.06 60.83 50.79 60.23 60.21 49.63 49.60 49.43 49.80 47.36 47.32 46.80 40.7% 
11:o 63.14 %0.62 60.46 60.84 60.94 68.33 56.89 64.89 64.26 63.24 62.44 61.83 60.61 60.06 49.33 49.43 47.1% 48.82 
12.0 82.61 69.92 69.86 80.24 80.39 67.82 64.42 64.49 63.87 62.89 62.10 61.62 60.33 49.79 49.07 49.16 48.91 48.37 

:x2 80.34 66.64 67.87 64.37 67.83 64.36 68.21 64.72 66.01 68.43 62.84 64.03 64.72 61.66 60.13 62.98 49.6% 62.42 48.87 61.61 48.20 60.77 47.72 60.23 49.13 46.76 48.66 48.34 47.92 46.42 46.71 48.01 43.66 46.82 46.31 43.17 
26:0 63.26 61.1% 61.16 61.61 61.84 49.87 48.79 47.43 47.04 48.30 46.69 46.26 44.3% 44.03 43.34 43.42 41.4% 41.04 
30.0 60.2% 48.32 48.34 48.6% 49.03 47.20 48.21 44.9% 44.64 43.97 43.40 43.01 42.21 41.91 41.24 41.32 39.49 39.0% 
36.0 47.67 46.83 46.86 46.19 443.66 44.86 43.93 42.8O 42.60 41.8% 41.36 40.99 40.26 39.99 39.34 39.42 37.69 37.30 

$2:: 43.&4 46.3% 41.69 43.63 43.6% 41.74 43.99 42.04 44.37 42.42 42.77 40.91 40.10 41.90 40.87 39.14 40.69 38.6% 40.02 38.36 39.62 37.87 39.1% 37.66 38.49 38.92 38.24 38.71 37.64 36.11 38.19 37.72 38.07 36.71 

eo:o iYE 
41.63 39.96 40.01 40.30 40.6% 39.26 38.4% 37.6% 37.36 38.84 38.40 36.11 36.49 36.31 34.73 34.81 ;:.ff 
3S.91 38.44 38.40 36.99 38.46 37.06 

38.74 39.12 37.74 37.03 25.1% 36.96 36.49 36.06 34.79 34.21 34.04 33.4% 33.56 32:12 2.;: 31:%1 
37.33 37.71 36.40 36.71 34.91 34.71 34.28 33.86 33.69 33.04 32.8% 32.34 32.42 31.04 30.74 

x 37.11 36.89 36.71 34.66 36.7% 34.62 36.06 34.8% 36.43 36.26 36.17 34.06 34.61 33.41 33.76 32.69 33.66 32.61 33.13 32.10 32.74 31.73 32.49 31.49 31.97 30.99 31.83 3D.88 31.30 30.36 31.36 30.42 30.06 29.14 29.7% 28.8% 

1oo:o E8 

33.76 32.60 32.67 32.82 33.1% 32.0% 31.4% 30.82 30.46 30.2% 29.93 29.71 29.26 29.14 28.68 28.73 

31.93 30.36 30.74 29.23 3O.82 19.31 
31.06 

31.42 29.8% 
30.37 29.82 29.21 29.06 28.72 28.39 28.19 27.76 27.88 27.20 27.27 

27& 
. 

;;.;; 
. 

19.63 20.89 28.3% 27.82 27.6% 27.36 27.06 26.86 26.46 24.37 26.93 26.00 24.92 24.70 

160.0 24.81 23.90 23.9% 24.16 24.49 23.70 23.30 22.8% 22.7% 22.64 22.29 22.16 21.84 21.77 21.42 21.4% 20.40 20.42 

:1::: 21.4% 19.37 20.73 14.70 20.71 18.4% 20.6% 18.63 21.17 18.91 20.61 18.37 20.17 18.1% 19.84 17.86 17.86 19.74 19.66 17.66 19.3% 17.39 19.23 17.36 18.9% 17.14 18.92 17.03 18.42 16.76 18.40 16.81 16.42 16.4% 17.62 14.16 

$23 17.86 14.70 17.24 14.13 16.96 17.04 17.10 le.00 17.36 to.24 16.S4 16.87 16.77 16.71 lb.48 16.44 16.49 16.46 16.2% 14.30 16.06 IS.06 16.03 16.03 16.86 14.87 16.74 14.76 14.63 16.49 16.64 14.67 16.42 14.46 ;t.;; . 

z?; 
6oo:o 

16.80 16.09 16.26 14.67 16.10 14.42 16.16 14.47 16.3% 14.69 16.03 14.8% 14.21 14.63 13.97 14.44 13.99 14.4% 13.83 14.27 13.64 13.41 14.24 14.09 13.47 13.99 13.38 13.77 13.17 13.82 13.21 13.71 13.10 13.29 12.71 
14.60 14.01 13.67 13.91 14.12 if,;: . 13.6% 13.44 13.46 13.31 13.12 13.10 12.97 12.8% 12.4% 12.72 12.61 12.24 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
!ke page 8 for Explanation of Table 

243 
ruICE I9 LmIIS OF nG/sq at An 1015 

96 

E/A 8E 
ac 12 

II: AL SI CA TI WI 
4 13 14 20 22 24 

.*.~**.~*.*C...*.C.*..**..*.**...*.*..**.******.*..*.~**..*.*~. 

E 4.490 7.271 4.380 7.191 9.003 9.973 10.003 4.980 8.820 9.835 10.491 11.446 11.330 12.474 11.494 13.312 

3.: 
4:&i 

7.860 8.432 7.969 8.703 10.918 11.850 11.977 10.937 10.820 11.790 12.767 13.844 16.222 iJ.984 14.408 16.388 
9.021 9.434 12.777 12.361 12.762 14.917 14.442 17.283 

FE II OJ GE SE SR za M RH 
28 28 29 32 34 38 40 42 45 4P 

~.,**+*+*.+.*++**..L********.*...*******,**.****.****.***..*..******** 
12.310 12.770 13.090 13.390 14.480 16.047 16.270 16.611 16.311 14.380 
13.778 14.282 14.474 16.720 14.284 14.342 17.132 17.611 i8.137 18.633 
16.179 16.720 14.211 17.360 18.014 18.731 19.004 13.396 10.274 20.667 
14.640 17.113 17.497 18.344 19.480 20.464 10.761 21.206 22.262 22.437 
17.874 18.477 19.161 20.433 21.305 22.133 22.461 22.906 24.144 24.381 

6.0 9.420 10.143 13.706 13.923 13.711 16.383 17.431 18.696 19.137 19.823 20.S84 22.018 22.904 23.783 24.120 24.493 26.030 24.224 
6.6 10.229 10.890 14.436 14.899 14.473 17.048 18.916 13.843 10.609 21.168 22.008 23.623 24.484 26.414 25.743 29.398 27.@53 28.044 
4.0 10.860 11.620 16.671 16.879 16.938 18.113 20.133 21.118 21.8i8 22.483 23.424 26.032 26.068 27.033 27.404 28.049 2S.473 29.848 
4.6 11.483 12.364 14.613 14.846 16.410 13.183 21.366 22.384 23.127 23.817 24.838 29.631 Z.426 28.416 29.036 29.771 31.487 31.439 
7.0 12.129 13.036 17.466 17.842 17.689 20.267 22.694 23.473 24.439 26.147 25.262 28.030 23.130 30.266 30.441 31.448 33.260 33.423 

E 
13.44 14.40 19.40 19.88 19.67 22.43 26.08 29.26 27.08 27.82 23.09 31.04 32.33 33.48 33.31 34.80 39.80 34.99 

1o:o 
14.86 14.14 21.37 21.94 21.40 24.43 27.40 28.89 29.76 30.62 31.94 34.07 36.49 38.72 37.18 38.17 40.36 40.64 
14.29 17.72 23.33 24.06 23.44 28.68 30.16 31.61 32.46 33.26 34.84 37.13 38.48 33.39 40.48 41.64 43.91 44.16 

11.0 17.78 19.36 26.46 20.20 26.77 29.14 32.74 34.20 36.20 39.02 37.80 40.24 41.31 43.30 43.81 44.33 47.60 47.78 
12.0 19.33 21.01 27.64 28.40 27.33 31.49 36.41 36.33 37.33 38.83 40.79 43.38 46.18 49.44 47.13 48.46 61.11 61.44 

16.0 24.30 24.29 34.19 36.31 34.49 38.74 43.45 46.43 44.46 47.64 60.02 63.11 66.28 59.97 67.68 63.11 42.19 42.49 
20.0 33.43 36.97 44.19 47.80 46.89 61.79 68.33 40.40 42.07 43.01 80.42 70.36 73.14 76.18 76.89 77.84 81.66 82.43 
26.0 44.21 48.77 63.37 91.49 90.24 56.37 74.39 77.03 78.76 79.71 84.10 88.91 92.37 94.71 95.60 97.91 102.14 103.48 

E 
66.99 58.44 73.47 74.34 74.71 81.27 31.42 94.48 98.44 37.40 103.04 108.74 112.83 116.64 114.41 113.24 123.38 126.84 
48.91 71.66 89.04 92.30 90.25 97.46 110.03 113.63 116.73 114.48 123.20 129.87 134.71 137.64 138.68 141.86 147.07 143.60 

40.0 82.33 85.46 106.49 109.33 104.83 116.04 129.64 133.63 136.94 134.86 144.66 162.21 167.78 140.99 141.98 146.43 171.37 174.41 
46.0 98.02 100.32 122.93 127.40 124.40 133.48 160.24 164.66 157.31 168.14 147.06 176.73 182.07 186.64 184.68 190.72 194.87 100.64 
60.0 114.13 114.12 141.36 144.48 142.96 162.88 171.98 174.86 179.74 180.49 190.47 200.41 207.66 211.27 212.36 214.93 223.63 227.87 
66.0 131.26 132.83 140.72 144.62 142.43 173.22 134.74 200.10 203.23 203.88 216.37 224.22 234.17 238.14 233.26 244.28 261.32 264.30 
80.0 149.34 160.43 181.00 187.62 182.83 194.48 218.64 224.38 227.73 228.27 241.14 263.11 291.92 294.12 267.24 272.73 280.22 286.38 

46.0 148.4 148.9 202.2 209.4 204.1 218.4 243.4 249.7 263.2 263.4 247.9 281.1 290.9 296.2 294.3 302.3 310.2 314.7 
70.0 188.3 188.2 224.2 232.2 228.3 239.7 269.1 276.9 279.7 280.0 296.7 310.1 320.7 326.3 324.6 332.9 341.3 348.6 

2':: 
230.9 229.2 270.9 280.6 273.1 288.3 323.4 331.2 336.6 336.4 354.3 371.1 383.4 388.7 389.8 397.1 404.4 415.2 
277.0 273.3 320.8 332.1 323.2 340.2 381.3 3S0.2 394.9 394.6 414.4 436.0 450.6 464.0 467.1 466.4 476.4 484.0 

100.0 326.3 320.6 373.9 384.9 378.4 336.2 442.7 462.7 467.8 464.9 482.6 504.7 621.2 627.1 628.2 637.4 648.4 680.7 

160.0 419.0 697.4 982.4 706.3 686.4 713.9 797.4 813.4 820.7 814.7 841.9 899.4 928.0 936.3 934.0 950.1 994.7 987.3 
200.0 979.9 934.9 1064.4 1089.4 1068.7 1096.7 1223.4 1244.3 1264.7 1244.3 1316.0 1390.9 1406.4 1422.0 1421.7 1441.3 1466.9 1493.4 
260.0 1398.0 1321.0 1478.1 1627.0 1484.7 1631.7 1707.8 1742.6 1744.4 1732.7 1828.2 1882.6 1946.0 1973.3 1971.1 1999.9 2007.4 2064.8 
300.0 1843.6 1749.1 1344.3 2010.6 1969.6 2011.3 2241.2 2296.2 2288.0 2247.7 2392.6 2464.2 2538.3 2678.8 2674.1 2613.3 2812.4 2491.3 
360.0 2370.1 2213.8 2463.3 2634.1 2471.2 2630.0 2817.8 2894.1 2872.4 2846.2 3001.4 3076.3 3178.6 3231.6 3224.1 3274.2 3244.7 3346.8 

400.0 2913. 2710. 2994. 3093. 3017. 3083. 3432. 3632. 3496. 3440. 3860. 3736. 3840. 3924. 3916. 3977. 3968. 4083. 
460.0 3488. 3683. 3693. 4108. 4332. 4429. 4678. 4967. 4643. 
600.0 4091. 

y3;: 3644. 
4184. 4301. 

3844. 4040;: 4203. 4162. 
4194. 4274. 4906. 4838. 4786. 6044. 6164. 6328. 6420. 6403. i%x: 2% :::i: 

. . ..*~**...~*..+*.*..*.***.*..~*.**..*****~~*~*.*.****...~*.*.~..*..**...~.*..*~..******.**.**.~***.***.**~~~.***.*~.**.***..~~.*~*. 
E/A ss TI BP LA Pn SH CD 80 RI LU TA RE IR AU P8 81 Ts 

SO 62 64 67 69 42 44 47 49 71 73 76 77 79 82 83 so s2" 
. . . . . . ..*.~.**.**.*****..*.**.*..*.***~.***.*******..~.****.*~...*..*.*.******.**.***...**.*..*...****.****.*.~*.**...**..*****.*~~* 

2.6 17.18 17.81 19.19 19.66 20.24 21.27 21.87 22.46 23.11 23.66 24.01 24.49 24.98 26.42 24.00 24.21 28.04 28.46 
3.0 IS..48 20.23 21.41 21.94 22.49 23.84 24.53 26.44 26.98 24.60 27.02 27.66 28.16 28.43 29.26 29.46 31.44 32.07 
3.6 21.46 22.49 23.88 24.21 24.94 24.24 27.00 28.07 28.84 29.23 29.80 30.38 31.08 31.80 32.26 32.46 34.67 36.24 
4.0 23.71 24.44 24.06 24.37 27.13 28.64 29.37 30.66 31.18 31.83 32.44 33.06 33.86 34.41 36.03 36.28 37.64 38.24 
4.6 26.72 24.74 28.14 28.44 29.23 30.76 31.46 32.96 33.41 34.33 34.99 36.44 36.61 37.10 37.82 38.01 40.39 41.12 

6.0 27.48 28.82 30.22 30.60 31.28 32.92 33.87 36.28 36.99 39.76 37.44 39.16 39.09 39.72 40.47 40.46 43.16 43.93 

2: 
29.62 30.84 32.24 32.62 33.30 36.04 34.04 37.67 38.31 39.13 39.88 43.40 41.42 42.28 43.07 43.24 46.87 49.47 
31.63 32.84 34.26 34.61 36.30 37.14 38.22 39.83 40.40 41.47 42.24 43.02 44.10 44.80 46.42 46.79 48.63 43.37 

4.6 33.43 34.83 39.24 39.43 37.28 39.22 40.34 42.08 42.87 43.79 44.41 46.40 49.64 47.28 48.14 48.30 61.17 62.03 
7.0 36.32 38.81 38.22 38.45 38.26 41.29 42.48 44.28 46.12 44.09 49.96 47.77 48.99 49.76 60.43 60.79 63.77 64.47 

8.0 39.10 40.76 42.17 42.38 43.18 46.41 49.71 48.4-S 49.68 60.94 61.68 62.44 63.81 64.42 65.67 56.72 68.94 69.90 
9.0 42.67 44.70 48.12 49.31 47.11 49.62 60.93 63.07 64.03 56.18 64.19 67.13 68.69 69.47 40.48 40.42 44.08 46.10 

10.0 44.47 48.47 60.09 60.26 61.06 63.46 66.14 67.44 58.48 69.72 60.80 41.79 43.37 84.30 45.39 46.62 49.21 70.29 
11.0 60.60 62.87 64.10 64.23 66.02 67.80 69.42 41.87 42.94 84.27 45.42 55.47 98.17 49.16 70.31 70.43 74.34 76.49 
12.0 54.37 54.70 68.14 68.24 69.02 41.38 83.71 88.32 47.44 68.86 70.07 71.17 72.98 74.02 76.26 76.34 79.62 80.72 

16.0 68.24 49.08 70.62 70.66 71.29 74.78 74.82 79.88 81.16 82.81 84.23 86.49 87.93 88.82 90.27 90.36 96.24 94.41 
20.0 87.02 SO.74 32.19 92.08 92.72 97.11 99.47 103.46 104.96 107.02 104.79 110.30 112.97 114.40 114.24 114.28 122.39 124.08 
26.0 109.16 113.79 116.26 114.97 116.48 120.79 123.88 128.38 130.09 132.64 134.48 134.46 139.46 141.30 143.67 143.66 160.96 162.96 
30.0 132.44 138.24 139.49 139.26 139.69 146.84 14S.48 164.49 164.82 169.60 141.98 144.00 147.73 149.40 172.32 172.24 180.98 183.30 
36.0 167.47 144.07 146.60 144.83 146.03 172.24 iZB.44 182.33 184.62 187.82 190.47 132.94 197.22 199.29 202.60 202.34 212.49 216.13 

40.0 183.4 191.2 192.7 191.9 191.8 200.0 204.8 211.6 213.8 217.6 220.7 223.3 228.1 230.4 234.1 233.9 246.4 248.4 

:::: 
2lti.O 213.7 221.1 220.1 219.8 229.1 234.4 241.8 244.4 248.6 262.2 264.9 240.3 292.8 267.1 288.8 279.8 283.2 
239.7 249.6 260.9 249.4 249.1 263.4 246.4 273.6 276.3 280.9 284.9 288.0 293.9 299.6 301.4 301.0 316.8 319.3 

66.0 289.6 280.4 281.8 280.4 279.6 291.0 297.4 306.6 309.4 314.6 318.9 322.2 328.8 331.4 337.0 338.4 362.8 364.8 
40.0 300.6 312.8 314.0 312.4 311.2 323.7 331.0 340.7 343.8 343.3 364.2 367.8 354.9 387.9 373.9 373.4 391.3 396.7 

46.0 332.7 344.2 347.4 346.5 343.9 367.7 396.4 374.1 379.4 386.4 390.7 394.4 402.3 406.6 412.1 411.6 431.1 436.9 
70.0 344.0 380.8 381.3 379.8 377.3 392.8 401.4 412.7 414.2 422.7 428.4 432.4 440.9 444.3 461.9 460.9 472.1 477.3 

2.: 
436.9 463.4 464.4 461.4 449.0 466.4 474.4 483.3 493.3 600.7 607.3 612.1 621.7 626.3 634.0 633.1 668.0 644.0 

1oo:o 
610.0 630.3 531.1 627.8 624.3 544.3 666.7 670.3 674.7 583.1 690.7 6915.1 907.0 411.0 421.1 420.0 448.7 466.6 
688.1 411.4 412.0 508.1 003.4 424.4 433.3 466.4 060.4 683.8 678.4 884.4 898.7 701.0 712.4 711.3 743.9 761.6 

160.0 1034. 1076. 
::I:. 

1084. 1064. lOS4. 1116. 1141. 1148. 1143. 1177. 
:2 

1206. 1212. 1232. 1229. 1284. 1294. 

is.: 
1448. 1474. 1714. 1723. 1744. 1806. 1013. 1906. 1937. 

3oo:o 

1643. ;;&. 
2141. 2244: $i$: :%: 

3920: 2930. 
2274. 2316. 2362. 2371. 

E? 
:z. 
3157: 

2446: $;$. 2492. $2x. :t%: 
2815. 

3460. 3848. 3944: 
2874. 2344. 3012. 3o71. 3081. 

3834. 3843. 38as: 
3174. 

4011: . 4099. 
z2:. 3288: 3279. i%. :s::. 

360.0 3620. 3699. 3708. 3741. 3933. 3964. 4080. 4173: 4279: 

400.0 4208. 4426. 4461. 6037. 6170. 
460.0 

Et : z: s276. 
~% 
4106: 

%? 
9921: 

4496. .lgl;. $28. g:;. 2;:;. 4743. 42;. 4861. 4300. gt;. 4946. 
6323. 

4209: 4381: 4388: 4441: 
5841. 

4673: 
6733. 6749. 4106. 

600.0 4136. 4187. 4643. 6663. 4436. 0803: E"2: 5s44. 4.90. 7080. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

=BCTROIIC 5TOPPIIG POVER II UIITS OF MN/(HG/SQ QI) 
246 

Ql 101s 
Be 

..*I.I*.......LI.**L*...~**.*..~...~.*.~*.***~.**.~.*.**.*~.****.~.**.****~.~*~**.*...~*.*******.*~.*...******.*..*.**.*..****.***.* 
::: 209.2 212.0 lU.4 166.6 123.6 128.1 117.1 121.4 117.8 122.7 103.2 108.3 i?!:: ET: E! z:: 73 n:v 0 E-k tit:‘0 62.0 41.1 

74:o 
k!k': . i:.‘: Fs:; 

4:s 3.: 
211.8 142.2 130.7 124.2 126.6 111.6 81.1 41.8 
209.9 207.0 184.0 168.0 131.9 132.3 128.0 126.6 127.4 127.0 113.6 114.4 B9:3 zi*: E-T 96:o iii:: 2: 2: 

74:o iii:: 

::: 203.7 20G.0 188.7 14B.6 132.1 131.6 126.9 126.6 127.7 127.3 116.1 116.1 334 Gki . 3 f.7” . 
lW.2 147.7 130.7 124.7 124.7 114.9 75:1 
182.4 198.6 129.4 123.8 126.8 114.6 76.3 K it: iti*; 
188.4 186.0 128.6 122.8 124.8 113.8 75.4 73:1 a%:9 e8:a 

2: 174.4 181.3 141.4 167.6 116.9 123.2 117.9 120.4 122.4 120.2 li0.4 112.3 ii:: iii:: 

::*: 
12:o 

148.0 142.0 163.6 149.4 120.6 117.8 116.4 112.S 117.7 116.2 108.6 106.6 
164.6 146.7 116.2 110.6 112.8 104.6 

16.0 142.1 136.0 85.6 
~~“0 123.9 120.3 lOi&.: . IO&8 . IO&$ . ii?:: 41.8 iii:: 

3D:o 
;l$.; lg.; 

ix 
9117 B2:1 77:s 

~?I 
36.0 7417 

Sk: 
7418 

Ei 
73:o 

E4 
52:0 

EE 
SO:% 

2: 84.92 7V.24 86.86 80.68 72.84 88.83 70.29 bb.46 72.24 VV8.33 98.84 46.25 41.33 68.19 5V.VV 5V.96 69.31 59.36 69.48 66.64 64.24 53.49 63.77 61.18 49.67 62.07 51.48 49.06 51.37 43.97 50.46 48.13 49.61 47.30 48.30 48.13 
E8 

w:o 

74.42 70.27 78.02’ 72.07 9.36 42.29 43.11 60.18 94.93 41.92 41.12 69.34 66.44 63.00 64.30 61.V4 63.76 61.44 S3.W 61.87 48.91 61.07 48.88 48.84 47.37 46.40 44.91 46.00 44.86 44.96 46.07 44.23 46.31 43.63 42.47 44.20 

48.46 0.40 69.67 67.57 69.24 58.87 60.83 49.83 49.38 49.42 48.98 46.01 43.83 43.28 43.24 42.67 41.92 40.91 

!i:: 83.47 W.44 46.62 82.78 67.16 64.W 66.26 63.16 S8.87 54.72 64.46 62.96 48.87 47.10 48.22 47.94 47.62 46.83 47.77 49.09 46.23 43.46 41.85 43.36 40.69 42.04 41.72 40.30 40.29 41.70 39.70 41.07 39.12 40.44 38.20 39.49 

1OO:o E-8 

56.83 49.08 61.18 49.62 61.00 49.14 44.02 43.22 42.89 43.14 40.89 39.22 38.06 37.82 37.82 37.29 38.77 36.92 

61.88 48.68 64.20 60.92 48.02 46.32 49.47 43.88 47.87 45.21 49.23 43.72 41.43 39.20 40.70 38.63 40.40 38.27 40.48 34.66 38.66 36.64 37.00 36.08 36.90 34.06 36.70 33.88 35.72 33.90 36.24 33.47 34.74 33.02 
33.98 
32.31 

160.0 37.73 40.03 35.14 36.04 39.l2 35.10 31.66 31.06 30.90 31.18 29.68 28.44 27.42 27.64 27.67 27.27 24.92 28.42 

%:8 31.41 27.99 34.13 Jo.38 31.02 27.72 30.03 29.84 30.74 27.44 30.17 27.03 27.09 24.29 24.68 23.67 23.92 24.46 26.94 24.20 26.63 22.94 25.12 22.67 24.27 21.82 23.74 21.37 23.82 21.46 23.49 21.08 23.72 21.37 22.88 20.63 

%i:: 26.48 23.69 26.76 27.71 26.37 23.82 24.67 22.87 26.13 23.41 24.78 13.10 22.29 20.78 21.44 20.02 21.V7 20.60 22.24 20.78 21.09 19.49 20.74 19.34 20.04 18.73 18.38 19.84 19.74 18.44 18.14 19.41 -19.47 18.40 19.01 17.79 

22.14 24.24 22.24 21.64 22.07 21.80 19.42 18.91 19.34 19.41 18.41 18.29 17.70 17.37 17.46 17.17 17.40 14.84 
21.03 23.05 21.18 20.61 21.01 20.74 18.89 18.04 18.46 18.49 17.74 17.43 14.87 18.67 14.46 14.39 14.60 14.07 
20.12 22.08 20.30 19.48 20.16 19.91 17.93 17.32 17.71 17.96 17.04 14.73 14.20 15.92 14.00 16.76 16.96 16.45 

l .  ...*****..*** 

WA $I 

60 
.r.+.**r+*~.r, 

$0 
g *.g 

.  ST:,6 

t : :  .  r?:x 

~....***.*..*+.*+**....*******..*****.*...**.***. 
I?3 BA LA Pn SH Go 80 

62 66 67 69 42 44 47 
~,*..**.,.***+*.**.*************.****.*.*..*****. 
48.37 48.33 40.86 48.17 46.39 43.92 41.43 
62.37 62.32 62.84 62.23 49.31 47.80 46.26 
66.27 66.21 55.64 66.18 62.20 60.44 48.08 
67.39 67.31 67.68 57.34 54.34 62.74 60.20 
69.94 68.84 69.23 68.94 65.94 64.36 61.81 

ln LU TA 
49 71 73 

~..********~.*..*...**. 
40.62 39.44 38.47 
44.33 43.20 42.38 
47.18 44.01 46.14 
49.30 48.13 47.27 
w.92 49.76 48.87 

SE In AU w BI TB 
75 n 79 a2 83 w S2" 

1.*.*+**.*...*,*$*.*.*...***.*******.**********. 
38.03 30.44 39.17 35.77 36.84 34.38 33.99 
41.70 40.27 39.74 39.29 39.38 37.71 37.27 
44.49 43.01 42.44 41.94 42.03 40.21 39.74 
44.54 46.10 44.60 43.94 44.04 42.12 41.62 
48.17 48.70 46.09 46.62 45.42 43.69 43.07 

::: 42.89 83.72 00.08 W.89 60.80 69.99 W.37 41.19 60.14 41.01 67.13 54.00 66.63 69.41 63.02 63.V4 62.14 63.09 60.98 61.92 60.10 61.04 49.40 60.34 48.90 47.95 48.27 47.32 47.46 45.73 48.82 47.76 44.72 46.69 46.05 44.19 

64.29 41.44 41.37 81.74 41.42 68.44 67.06 64.42 63.79 62.94 61.78 61.08 49.44 49.01 48.37 48.44 46.27 45.72 
94.47 41.84 81.76 42.14 82.04 69.09 67.60 66.12 64.31 63.17 62.29 61.60 60.20 49.67 48.91 49.01 46.78 48.22 
64.89 42.08 41.88 82.38 42.31 69.38 67.81 66.47 64.49 63.66 62.48 62.00 60.81 49.99 49.32 49.41 47.18 48.60 

8:: 66.00 tH.79 42.04 82.21 42.12 41.96 42.35 42.62 42.61 42.39 69.46 69.69 68.08 68.10 66.86 66.91 66.10 66.20 63.99 64.12 63.13 63.27 62.47 62.43 61.12 61.32 60.61 50.72 49.81 60.01 49.91 60.11 47.81 47.02 47.26 47.07 

04.38 41.47 41.69 41.98 62.08 69.34 67.88 66.74 66.08 54.03 63.20 62.67 61.30 60.72 60.00 60.09 47.80 47.24 
93.83 41.18 41.09 81.48 41.40 69.94 67.49 66.44 64.82 63.79 62.98 62.37 61.14 60.67 49.86 49.94 47.86 47.10 
93.20 (10.67 Wo.60 60.90 41.06 68.45 67.03 66.07 64.46 53.48 62.94 52.07 50.87 50.32 49.69 49.88 47.40 44.84 

16.0 41.06 68.66 68.60 64.89 69.11 m.aB 66.35 63.67 63.03 62.10 61.38 60.81 49.70 49.21 48.47 48.64 46.36 46.83 
67.34 66.08 66.04 66.41 66.70 63.61 62.31 W.74 60.30 49.48 48.80 48.31 47.33 48.91 44.19 48.26 44.19 43.70 
53.97 61.84 61.84 62.20 62.63 60.63 49.43 48.06 47.84 49.91 44.29 46.86 44.90 44.41 43.91 44.00 42.03 41.68 
60.99 48.VB 49.01 49.36 49.71 477.89 44.46 46.60 45.25 44.68 U.00 43.90 42.79 42.48 41.80 41.89 40.03 39.61 
46.56 49.49 43.52 18.86 47.22 46.49 II.64 43.42 43.10 42.48 41.94 41.67 40.82 40.66 39.90 3B.96 38.22 37.83 

ZZ:: 44.00 46.06 U.18 42.32 44.32 42.37 44.84 42.M 46.02 a.08 43.40 41.63 42.62 40.70 41.47 39.72 41.18 38.47 40.40 38.92 38.44 40.10 3S.74 38.13 39.06 37.47 38.82 37.28 38.19 38.56 36.73 38.27 34.80 35.14 38.23 34.79 

8610 ito” 

cLz..l8 40.67 40.43 40.93 41.31 39.86 39.07 33.14 37.92 37.41 39.94 58.89 36.04 36.85 36.24 36.34 33.82 33.48 

39.06 40.64 39.00 37.68 37.45 39.06 3B.36 37.03 39.74 38.31 38.36 34.98 37.41 38.28 39.76 36.48 36.62 35.24 34.80 34.04 36.41 34.39 
36.33 34.74 34.67 34.00 34.08 32.82 32.30 
34.12 33.64 33.40 32.85 32.93 31.62 31.22 

08.0 37.71 38.29 38.34 38.43 37.01 35.74 35.07 34.30 34.10 33.47 33.27 33.02 32.48 32.34 31.80 31.88 30.53 30.24 

?2:8 38.48 34.32 36.12 33.04 36.19 33.12 36.46 33.37 36.83 33.74 34.01 32.90 32.00 33.99 33.23 31.33 33.04 31.17 32.43 30.79 32.25 30.43 32.00 30.21 31.49 29.74 31.34 29.42 30.84 29.13 30.91 29.20 2B.41 27.98 29.33 27.71 

1s:: 32.47 30.88 31.27 Is.74 31.36 29.81 31.69 30.04 31.96 30.40 30.48 29.39 30.32 28.87 2V.71 28.30 29.64 24.14 29.20 17.83 28.87 27.62 28.47 27.32 28.23 24.91 28.13 29.82 27.44 24.38 27.73 29.45 28.67 26.36 29.33 26.12 

St:; 26.24 21.88 24.34 n.12 24.42 21.10 24.41 21.27 24.93 21.67 24.13 20.89 20.66 23.72 23.30 20.21 23.20 20.14 19.93 22.96 22.70 19.72 22.66 IV.80 22.24 19.34 22.17 19.27 21.81 18.97 21.87 19.03 20.97 18.74 20.79 18.16 

5%: 
3so:o 

19.76 18.20 19.09 17.67 18.84 17.37 18.99 17.43 19.27 17.49 17.28 18.72 18.63 17.10 18.20 10.80 18.20 14.81 16.42 17.99 17.72 14.38 17.49 14.34 14.17 17.49 17.38 14.06 17.08 16.79 16.84 17.13 17.00 15.72 14.44 15.23 
Il.03 18.46 14.27 14.32 14.64 18.18 18.02 16.76 16.74 16.68 16.36 16.32 15.14 16.06 14.81 14.84 14.74 14.29 

20.8 
W&O 

14.12 16.39 16.67 14.88 15.40 14.71 16.46 14.74 16.89 14.98 16.33 14.94 14.60 16.17 14.24 14.92 14.27 14.93 14.11 14.n 13.91 14.65 14.63 13.88 14.37 13.74 14.27 13.66 14.06 13.44 14.09 13.48 13.98 13.37 13.66 12.97 
14.79 14.29 14.16 14.10 14.41 14.09 13.94 13.71 13.73 13.68 13.39 13.34 13.23 13.14 12.93 12.97 12.84 12.49 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

246 
EAIGE 19 UIITS OF WSQ QI Ql 109s 

98 

6/A 4* 8' 12= lJpL 14'* 20" 22TI 21cR 28= 28= 2sa 31GE 34" WSR 40m HO R8 42 46 4:G **~.*..*.~...*..*..**.*..*****.**.*.**..**..~**~~.***...~~~***.*****.***...~.*~~***..*.**.~~.**~**~~********.*...~.**..**.**~...*.~~ 
2: 8.490 7.271 8.340 7.196 9.003 9.976 10.006 8.980 8.820 9.837 10.498 11.664 11.340 12.088 Il.909 13.330 12.320 13.792 12.770 14.280 l3.080 lrl.(ull 13.990 16.726 14.460 lb.292 16.047 10.949 16.270 17.199 16.611 17.618 16.971 16.380 

18.208 18.641 

32 
4:s 

7.848 8.429 7.9S4 8.710 10.921 11.863 11.000 11.981 10.824 11.793 12.768 13.864 13.981 16.240 14.S88 18.009 16.197 14.640 16.728 17.123 18.220 17.708 l7.370 18.967 18.026 19.493 18.743 20.449 20.744 19.018 19.407 21.221 20.288 20.671 22.616 
9.017 9.443 12,780 12.964 12.766 14.930 14.480 IT.3013 17.897 18.488 19.144 20.607 21.321 22.160 22.448 22.984 22.271 24.144 24.401 

::: lo:220 9 413 IO 10'897 170 

II:426 

13 14*034 707 

16:670 

13.924 14 901 

16:880 

13.716 14 476 

16:tMO 

16.SS9 17 040 

181126 

17.70s 18 933 

X):167 

18.690 19 80 

21:140 

19.218 x) 630 

a:838 

19.836 21 171 

22:600 

x) 22'021 699 

231437 

22 23'644 033 

26:047 

22 24.603 920 

4.0 10.838 2S:O76 

23 26'433 801 

27:062 

24 26'789 138 

27:426 

24'419 24 713 

28:lOS 

26 27.887 063 

29:SSS 

28 28-099 249 

IS:871 
4.6 Il.%9 12.368 14.612 14.846 14.410 19.193 21.382 22.416 23.148 23.828 24.449 24.646 27.441 28.464 29.064 29.791 31.490 31.442 
7.0 12.112 13.097 17.161 17.869 17.687 20.2% 22.411 23.493 24.467 26.164 26.243 28.043 29.206 30.272 30.478 31.447 33.272 33.446 

8.0 13.44 14.40 19.39 19.87 19.67 22.43 26.09 24.27 27.09 27.82 19.10 31.06 32.34 33.49 33.93 34.82 38.82 37.00 
lo"-: 
11:o 

14.81 14.26 14.13 17.71 21.36 23.37 21.93 24.03 21.69 23.46 24.83 26.87 30.16 27.40 31.61 28.87 29.76 32.46 30.62 33.24 34.86 31.94 34.07 37.13 36.49 38.48 30.73 39.S9 37.19 40.48 38.18 41.68 40.34 43.92 40.67 
44.14 17.73 IS.33 26.42 2S.18 26.76 29.16 32.76 34.19 36.19 34.00 37.79 40.23 41.90 43.29 43.81 44.98 47.49 
47.78 

12.0 19.27 20.99 27.63 28.37 27.90 31.47 36.39 36.92 37.98 38.81 40.74 43.34 46.14 %.43 47.17 48.44 61.10 61.43 

2: 
26:0 

33.47 24.21 36.84 2S.23 Qb.07 34.12 36.24 47.47 40.76 34.63 61.88 38.71 43.40 68.27 SO.49 46.39 Qb.40 41.96 82.89 47.48 C8.30 49.97 70.23 63.06 73.03 66.23 76.09 68.92 76.77 67.63 77.74 69.08 81.43 62.14 42.64 82.31 
43.94 %.68 69.17 41.28 SO.04 S6.79 74.19 74.83 78.66 7S.60 83.89 88.49 92.14 94.48 96.28 97.49 101.92 103.24 

2:: 68.44 66.44 71.14 68.39 88.44 73.38 91.89 74.04 74.42 89.84 80.9S 97.24 lOS.40 91.31 113.11 94.38 116.30 90.34 114.23 97.29 102.71 122.76 129.41 108.43 134.24 112.66 116.20 137.lT 138.11 114.07 118.90 141.37 123.44 144.69 126.60 149.01 

40.0 82.34 84.96 104.97 108.80 104.32 114.64 129.02 132.87 136.40 136.29 143.96 161.69 167.14 l60.37 141.36 166.09 170.74 173.76 
46.0 97.24 99.69 122.28 124.73 123.74 132.84 149.64 163.94 166.40 167.42 166.30 174.9S 161.28 184.76 186.79 189.93 196.06 199.72 
60.0 113.24 116.36 140.66 146.44 142.16 162.09 171.12 176.98 178.87 179.61 189.74 199.44 206.67 210.29 211.38 216.96 222.63 
66.0 

224.84 
130.19 131.91 169.77 146.64 141.49 172.28 193.72 199.06 202.17 202.82 214.26 226.07 232.99 236.98 238.08 243.09 260.12 266.14 

60.0 148.10 149.34 179.88 184.34 181.72 193.37 217.33 223.13 226.48 227.02 239.82 261.76 260.62 244.73 X6.87 271.33 278.80 284.63 

%:8 166.9 186.7 194.7 167.4 200.9 222.7 208.1 230.7 202.8 224.8 238.2 216.3 241.9 247.6 248.2 274.2 261.8 278.0 262.2 278.3 264.4 294.0 308.3 279.6 289.1 318.8 323.4 293.4 324.6 294.7 300.6 331.0 308.6 316.0 

100: fit: 0 

339.3 349.4 
228.9 227.3 289.0 278.6 271.2 286.4 321.3 329.1 333.3 333.3 362.0 398.8 381.2 386.3 387.4 594.7 404.0 412.7 
323.3 274.4 317.7 271.0 318.4 371.0 329.4 383.9 320.8 373.6 337.8 392.3 378.7 439.6 387.6 449.6 392.2 464.6 391.8 463.7 479.1 413.8 433.1 601.2 447.6 617.6 463.0 623.4 464.1 624.6 462.3 633.7 472.6 482.9 

644.9 668.9 

160.0 414.0 691.9 674.4 WV.1 479.6 707.8 7S0.9 808.7 813.9 810.0 864.8 892.3 920.4 927.8 928.6 942.6 969.0 
200.0 969.4 926.4 

979.6 
1044.4 1079.1 1048.8 1086.4 1212.6 1236.0 1243.4 1236.1 1303.2 1348.8 1392.9 1409.4 1409.2 1428.6 

260.0 
1443.2 

1382.7 1307.2 1472.1 1729.9 
1480.4 

1443.4 1611.9 1616.8 1691.3 1726.8 1716.2 1810.8 1884.7 1926.7 1964.8 1962.8 1981.2 1988.7 
XiO.0 1842.6 1730.4 

2046.7 
1926.3 IWO.0 1939.6 1991.1 2218.8 2272.2 2246.2 2246.2 2368.8 2432.0 2613.4 2663.6 2649.0 2687.8 

360.0 
2687.2 

2343.2 2189.8 2607.6 
2646.2 

2427.4 2446.3 2603.8 2788.7 2864.3 2843.2 2816.2 2970.8 3044.1 3146.3 3198.0 3191.6 3241.2 3232.0 3332.0 

%% 3447. 2880. 3199. 2880. 3627. 2942. 3040. 
6oo:o 2%: 

2986. 3664. 3060. 3027. 3398. 4038. 3494. 4168. 3469. 3424. 3811. 4286. 3496. 4382. 4629. 3820. 4807. 3886. 4694. 3876. 4666. 3936. 3917. 4041. 
4839. 4786. 4043. 3742. 4110. 4160. 4230. 4706. 4862. ;;KV: gj. . 4991. 6100. 6271. 6362. 6346. 6429. 
6392. 6664. 

.~..**..*.**.~+......*.....**.*~.*...*..**~*.**.~*.*...**~*****~**.**...*..*.**..**.~*......~**.*~****.*****...*.....**...**..*****~ 
E/A sn n BA LA Pn SH CD HO RI LU TA aE In AU PE 61 Ta U 

60 62 68 67 69 62 84 67 69 71 73 76 77 79 82 83 90 92 ***.*.**.*U.*.~.......*..***.*******.*...***~.**........*~.***.**..*~**.*..*.**.*....*.*....*.***~.~*.**...*...~..................* 
::: 17.18 20.24 17.81 21.62 19.19 19.66 21.97 20.26 22.70 21.27 23.86 24.64 21.67 22.46 26.47 23.11 26.99 26.61 23.66 27.03 24.01 24.49 24.98 26.42 24.00 26.21 26.06 

IS.,49 
29.64 

27.66 28.18 28.44 29.26 29.46 
21.46 

31.46 32.07 
22.61 23.90 24.23 24.97 26.24 27.02 28.09 28.86 29.24 29.82 30.40 31.10 31.62 32.27 32.47 

23.73 
34.69 

24.68 27.16 
36.26 

24.08 16.39 28.64 23.39 30.68 31.20 31.88 32.47 33.09 33.88 34.44 36.12 36.31 
26.74 

37.66 38.26 
26.79 28.18 20.48 29.26 30.78 31.48 32.98 33.44 34.36 36.02 36.48 39.64 37.14 37.86 38.04 40.42 41.16 

27.71 
29.64 

::z 
36:36 

x*: 
1o:o 
11.0 
12.0 

39.12 
42.89 
46.48 
60.60 
64.36 

%E 
26:O 
30.0 
36.0 

68.19 
88.89 

108.92 
132.28 
166.96 

182.9 190.4 192.0 191.2 
210.2 218.9 220.2 219.2 
238.4 248.4 249.6 248.6 
268.2 279.2 280.6 279.1 
299.0 311.2 312.6 310.8 

66.0 331.0 
70.0 3S4.0 

ifE 
100: 0 

i%k:: 
68411 

160.0 

E% 
3oo:o 
360.0 

1024. 
1660. 
2141. 
2788. 
3486. 

2x 
6oo:o 

E%ii~ 
6816: 

28.86 
30.87 
32.87 

2% 

22 
460:7 
627.0 
607.4 

1006. 
1909. 
2222. 
2892. 
3613. 

E:: 
6026. 

30.24 30.63 
32.27 32.64 
;.g 

38:26 

g.g': 

38140 

42.19 42.40 

xi 
64:10 

E?:: 
64:23 

68.13 68.24 

70.48 70.61 
92.07 91.96 

116.01 114.74 
139.32 138.89 
164.99 144.37 

KG %.5 
46117 44S:0 
627.6 624.6 
807.9 604.1 

1066. :zz : :::: 2207. : 

2902. 2882. 
3931. 3809. 

9070: Et. 9040: zfx:. 

31.31 32.94 33.90 36.32 36.02 36.79 37.49 38.19 39.13 39.76 
33.33 36.07 34.09 37.61 38.36 39.17 33.91 40.44 41.44 42.32 
36.33 37.17 38.26 39.84 40.44 41.61 42.30 43.08 44.14 44.84 
37.31 39.26 40.39 42.09 42.90 43.83 44.66 46.44 %.60 47.32 
39.26 41.32 42.61 44.31 46.16 40.12 48.98 47.81 49.03 49.79 

43.20 46.43 46.74 48.71 49.41 60.47 61.61 62.49 63.84 64.66 
47.13 49.64 60.96 63.09 64.06 66.21 66.22 67.16 68.62 69.60 
61.04 63.60 66.16 67.48 68.60 69.74 SO.82 81.81 63.40 94.33 
66.02 67.80 69.43 61.88 42.96 84.28 66.43 86.48 88.18 69.16 
69.02 41.98 83.71 66.32 47.44 88.86 70.07 71.17 72.98 74.02 

71.26 74.74 76.78 79.84 81.11 82.77 44.19 86.46 87.69 88.78 
92.40 96.94 99.64 103.32 104.82 106.88 104.64 110.17 112.04 114.27 

116.26 120.66 123.44 128.13 129.86 132.32 134.43 134.20 139.40 141.06 
139.23 146.47 149.11 164.31 166.23 169.11 141.69 163.40 167.33 169.19 
144.63 171.74 176.93 181.86 183.90 187.27 190.12 192.38 194.44 198.72 

191.1 199.3 204.1 210.7 213.1 214.8 220.0 222.6 227.3 229.6 
218.9 228.2 233.6 240.9 243.6 247.0 261.2 264.0 269.4 261.8 
248.0 268.3 244.3 272.4 276.1 279.7 283.7 286.8 292.7 296.3 
278.2 289.6 294.2 306.1 308.1 313.1 317.6 320.8 327.4 330.2 
309.6 322.2 329.4 339.1 342.2 347.7 362.6 364.1 3S3.2 3t3S.Z 

342.2 366.9 363.8 374.2 377.6 383.6 388.7 392.6 400.3 403.6 
376.8 390.7 399.3 410.6 414.0 420.6 424.1 430.3 438.7 442.0 
446.3 %3.7 473.6 486.6 490.4 497.8 604.4 609.2 618.8 622.4 
621.0 641.0 662.3 644.8 671.2 679.4 687.1 692.6 1503.4 807.3 
699.6 622.3 S36.2 661.4 666.2 W6.6 674.1 880.0 492.3 494.6 

2181: :zt. :::t. 2266: 
1107. 

::;;: 2340. 
1139. 1164. 1148. 1177. 1197. 1203. 

1444. 2294. 1708. 1729. :a;;. 1742. 2422. ITSO. 

$W: 
2468. 

07':. 

2938. 3671. 3724. 2983. gi. . 3806. $33;: 3860: g33T". 3127: 3800. ~;% . %Y 
. 

3994. 3206: 

4323. 4460. 4611. 4696. %04. %68. 4721. 4741. 4802. 
6123. 6248. 6337. 6437. 6444. 6607. 6682. 6604. 6874. 
6967. 

z%. 
6121. 4199. 9313. 4320. 4393. 6480. S604. 6663. 9024: 

40.61 40.69 43.19 43.96 
43.11 43.28 46.90 Qb.70 
46.84 46.83 48.67 49.40 
48.18 48.34 61.20 62.08 
60.67 60.83 63.81 64.70 

66.61 66.74 68.98 69.93 
90.62 80.64 44.11 66.12 
66.41 66.64 49.23 70.31 
70.32 70.44 74.34 76.60 
76.26 76.36 79.62 80.71 

90.23 90.31 96.19 98.66 
114.11 114.14 122.26 123.93 
143.31 143.29 160.68 162.47 
171.92 171.84 180.64 182.86 
201.92 201.78 211.88 214.62 

233.3 233.1 244.6 247.6 
264.1 266.8 278.8 282.1 
300.2 299.8 314.4 318.0 
336.6 336.1 361.3 366.3 
372.2 371.7 389.6 393.9 

410.1 409.6 429.0 
449.2 448.6 489.7 
631.0 630.1 664.9 
617.4 418.3 344.8 
708.1 700.8 739.2 

1222. 1220. 1274. 
1827. 1823. 1889. :E: 
2610. 2604. 2676. 2031. 
3267. 3248. 3327. 3406. 
4069. 4048. 4133. 4237. 

:X8:: %96. 6784. 4986. 6883. 6042. 6118. 

6731. 6711. 9918. 7006. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

248 
ELECTROIIC STOPPIIG POWER IQ UQITS OF lW/WG/Stj Qf) 

WA BE 
4 

..++ 1 . . ..I.... 

::i 
210.9 
214.0 

a:p :::*: 
. 20914 

GE 
32 

I.+**** 

X 

SE 
34 

,.*.*.. 

k% 

;:*; 
76:s 

111 
40 

I***.**+* 
61.4 

z:p 

7312 

no 
42 

1++**..1 

Eii:: 

ii!.: 
7017 

Ru 
46 

t....... 
62.0 
67.3 

ES 
66.3 

i:: 2QB.O 202.4 17O.i 170.0 133.3 132.7 127.0 120.6 128.8 128.6 118.0 116.1 101.0 100.8 2: 93.8 -ii:: 

8-z 
7:o 

198.6 184.8 169.3 166.2 131.9 130.9 126.9 126.0 127.9 127.1 116.9 116.6 101.0 100.8 S&X es:4 Es E-Z 
iQ1.l lW.7 l?Q.8 124.0 126.1 114.9 100.4 S6:S Q4.2 Q3:O 

1o:o t*: 
183.7 163.3 127.2 121.7 123.9 113.4 93.4 
176.8 170.3 169.4 166.4 124.6 121.8 119.2 116.7 121.6 119.0 111.6 109.7 Et 92.3 91.1 Et 

11.0 164.3 161.6 liQ.2 114.2 116.6 107.7 3 X.8 El.; 
12.0 166.7 147.6 116.6 111.8 114.1 106.7 93.0 so:1 

ii.:% 
B7:7 

16.0 144.3 136.9 
f:: 126.9 112.2 122.1 110.6 

‘OS& lg.; 1ogT.i loo.0 E: %.:Z 2: E::: 5?5 76.0 i:-; 70.8 
. . . . 

7817 E% 7619 ET.: EX 7719 

2; 

5:.: 66:s z*i 64:4 x 83:6 2-i Q3:7 tic; SO:3 

EE 

s1:o 67.6 

62:s 88.0 
t*: 
67:6 

%:8 %3 . 1°1s2 93.6 z:: % . :.t 66:O it:: 

4Q.0 80.40 87.28 73.98 71.37 73.36 69.88 62.28 8Q.89 60.20 60.36 67.09 64.67 62.84 62.24 62.13 61.19 60.24 49.01 
46.0 80.64 81.92 69.93 67.60 69.41 08.27 69.09 67.84 67.22 67.40 64.31 6l.SQ 60.33 49.80 49.71 48.86 48.01 48.83 

so:0 E.8 

76.76 77.32 68.40 64.13 66.97 63.10 66.31 66.16 64.69 64.80 61.86 49.64 48.10 47.64 47.67 48.78 46.01 44.88 

71.64 67.86 73.32 69.80 63.31 QO.66 61.16 68.63 62.93 00.24 Q5.30 67.80 63.86 61.66 62.77 60.64 62.26 6Q.18 62.49 60.41 49.69 47.73 47.68 46.73 46.12 44.33 46.71 43.97 46.66 43.93 44.92 43.26 44.21 42.69 43.13 41.66 

66.0 64.63 68.68 68.11 66.17 67.82 66.66 49.68 48.72 48.29 48.64 46.97 44.08 42.72 42.39 42.37 41.73 41.11 40.13 
70.0 61.76 63.90 66.89 64.06 66.66 63.63 47.89 46.99 46.69 4Q.86 44.37 42.64 41.26 40.98 40.96 40.34 39.76 38.82 

1oo:o tz 
68.87 69.13 62.07 60.37 61.87 60.00 44.77 43.96 43.61 43.89 41.68 39.88 38.69 38.46 38.46 37.91 37.38 36.62 
49.60 62.86 66.19 61.86 48.86 QB.iJ 44.66 47.29 48.71 48.01 47.03 44.49 42.14 39.89 41.40 39.20 41.10 38.94 41.38 39.22 39.21 37.18 37.63 36.69 36.61 34.64 JO.31 34.47 36.32 34.49 36.83 34.04 36.36 33.69 32.86 34.66 

160.0 38.47 40.79 35.84 36.71 38.79 36.76 32.13 31.62 31.46 31.76 30.12 28.96 28.12 28.04 28.07 27.76 27.40 X.90 

EC?: 
3Qo:o 

32.24 28.66 34.78 30.96 31.61 28.26 30.60 27.36 31.36 27.97 30.74 27.66 27.61 24.76 27.08 24.03 27.16 24.38 27.46 24.67 26.01 23.38 26.69 23.00 24.73 22.24 24.19 21.78 24.27 21.86 23.93 21.49 24.17 21.78 23.30 21.03 
26.97 28.27 26.87 26.06 26.63 26.27 22.72 21.86 22.40 22.67 21.60 21.14 20.46 20.04 20.13 19.79 20.06 19.38 

360.0 24.07 26.27 24.09 23.33 23.87 23.66 21.20 20.41 2O.Qi 21.17 20.08 18.74 19.10 18.74 18.82 18.61 18.76 18.14 

400.0 22.61 24.73 22.71 21.99 22.61 22.23 20.01 19.29 19.76 20.00 18.98 18.66 18.06 17.72 17.80 17.61 17.74 17.17 

%: 21.46 20.63 23.61 22.63 21.61 20.72 20.06 20.92 20.66 21.43 21.17 20.31 18.29 19.06 18.40 17.67 18.82 18.07 19.07 18.31 18.10 17.38 17.78 17.07 17.21 16.63 16.91 16.24 1‘3.32 16.99 16.72 16.07 16.93 16.27 16.39 16.76 

*1....*........1.+..**.*.*.**.~..*..**..**..~.**......*.~*.*...*******.*~...***.*...*.**.*.****.*****.....***...****.~......***..*** 

** sI 62= 6Q” 6T” 6SpR ,IZsn 8,1GD 67” 8Sm 71L” 73” 7SRE 771R 79’” 82w 83B1 90m 92” 60 
I.**.*....**IC.*.**.****.*.*****....*..~*.~....*.*.~...~******...*..**~..~***.*..******.*.*.**..**..****.*..~**********.**.*~*.**..* 

::t 60.97 66.21 48.64 62.61 48.60 62.66 48.82 62.90 48.33 62.47 46.61 49.63 48.01 44.07 41.67 46.46 40.66 44.62 39.68 43.39 38.80 42.67 38.16 41.89 36.76 40.46 36.29 39.92 36.89 39.46 39.66 36.98 34.60 37.87 37.43 34.11 

2: 

4:6 

SO.61 68.27 66.68 67.76 66.61 67.67 66.86 68.03 66.48 67.71 64.67 62.48 60.92 63.08 48.34 60.61 47.41 49.60 48.26 48.42 46.40 47.66 .44.70 46.84 43.24 46.37 42.66 44.77 42.16 44.23 44.32 42.26 40.42 42.37 41.87 39.96 

62.16 69.34 69.26 69.63 69.36 66.31 64.71 62.16 61.26 6Q.08 49.19 48.48 47.01 46.39 46.82 46.92 43.87 43.36 

::: 83.36 84.21 QO.61 61.36 SO.42 01.26 60.80 61.66 80.68 61.47 67.64 6B.44 66.92 66.83 63.40 64.36 62.63 63.49 62.31 61.34 60.46 61.43 49.76 60.72 48.28 49.27 47.66 48.63 4B.01 47.06 47.16 48.11 46.03 46.93 44.60 46.39 
84.81 61.96 81.86 62.26 62.11 69.11 67.60 66.06 64.22 63.06 62.16 61.46 60.03 49.39 48.76 48.84 48.63 46.08 
66.21 62.36 62.27 62.66 62.66 69.68 67.98 66.67 64.76 63.80 62.72 62.03 60.61 49.97 49.31 49.41 47.16 48.80 
66.46 62.62 62.62 62.92 62.84 69.89 68.31 66.96 66.16 64.01 63.13 62.44 61.04 60.41 49.73 49.83 47.66 47.00 

1o:o :2 

66.60 62.78 62.69 83.09 63.08 OQ.19 68.63 60.36 66.60 64.46 63.61 62.94 61.68 60.88 60.26 60.36 48.06 47.49 

66.42 66.03 62.64 62.29 62.66 62.20 62.96 62.60 62.99 62.68 60.16 69.93 68.64 68.43 60.44 6Q.31 66.72 66.63 64.63 64.66 63.78 63.73 
63.13 61.80 61.20 60.48 60.68 48.26 47.89 
63.09 61.81 61.22 60.49 60.69 48.26 47.70 

11.0 64.60 61.80 61.72 62.12 62.24 69.64 68.08 66.03 66.38 64.34 63.62 62.91 61.66 61.08 60.36 60.46 4p.13 47.68 
12.0 83.88 61.22 61.16 61.66 61.70 69.07 67.63 66.66 66.03 64.02 63.22 62.62 61.40 60.86 60.11 60.20 47.90 47.36 

16.0 61.76 69.22 69.17 69.66 69.78 67.33 66.98 64.18 63.63 62.69 61.94 61.38 60.26 49.76 49.02 49.11 46.87 48.34 

E 68.07 64.69 66.74 62.62 66.72 62.62 66.09 62.88 6Q.39 63.22 64.17 61.19 62.96 60.08 46.6B 61.38 48.26 60.92 47.62 60.09 49.40 46.89 4B.91 48.46 47.91 46.66 47.49 46.19 46.76 44.48 48.84 44.66 44.72 42.67 44.23 42.11 

%:8 49.06 61.69 49.67 47.16 49.68 47.18 60.03 47.61 47.89 60.39 48.61 46.13 47.49 46.18 46.22 44.03 46.87 43.71 46.18 43.07 44.69 42.63 44.19 42.16 43.36 41.39 43.06 41.12 42.37 40.46 42.46 40.64 40.67 38.76 40.14 3B.38 

2: 48.73 44.66 44.93 42.96 44.97 43.01 46.29 43.31 46.67 43.70 44.03 42.16 43.13 41.31 42.07 40.31 41.78 40.06 41.19 39.68 40.07 39.01 40.33 3B.69 39.62 38.02 39.38 37.81 38.74 37.19 38.82 37.27 37.12 36.66 36.76 36.30 

80:o Et: 

42.82 41.19 41.26 41.66 41.94 40.46 39.67 38.74 3B.49 37.97 37.61 37.21 3Q.68 36.39 36.79 36.87 34.32 33.99 

41.17 39.67 39.61 38.18 39.67 38.24 39.Q6 38.62 40.36 38.91 37.66 38.94 38.19 36.86 37.31 38.02 37.09 36.81 36.34 38.0 34.92 Jb.16 
36.87 36.27 36.10 34.62 34.80 33.12 32.79 
34.66 34.08 33.93 33.36 33.44 32.01 31.71 

YEi:: 38.31 37.07 3Q.87 36.68 36.94 36.76 37.22 3Q.02 37.60 36.41 36.31 36.16 36.62 34.61 34.84 33.76 34.64 33.67 34.20 33.16 33.80 32.76 33.64 32.62 32.00 33.00 32.86 31.86 32.31 31.33 31.41 32.38 31.01 30.08 30.71 29.80 

1oo:o %: 

34.89 33.69 33.66 33.92 34.30 33.14 32.63 31.86 31.68 31.29 30.93 30.70 30.22 30.11 29.61 29.08 28.43 28.17 

33.02 31.41 31.80 30.26 31.8B 30.32 31.12 30.66 32.49 30.92 31.40 29.69 30.83 2Q.36 x).21 26.78 30.06 28.64 26.69 28.30 2S.36 27.98 29.14 27.79 28.70 27.37 26.60 27.28 28.12 26.83 
28.19 27.02 26.77 
26.90 26.78 26.64 

160.0 26.71 24.78 24.86 26.06 26.38 24.67 24.16 23.72 23.62 23.38 23.11 22.98 22.63 22.67 22.20 22.26 21.36 200.0 22.29 21.62 21.60 21.67 21.98 21.28 20.Q3 20.69 10.61 20.30 10.09 19.96 19.69 19.63 19.33 19.38 19.11 :;A; 

260.0 10.12 IQ.43 19.20 18.36 19.64 19.08 18.68 16.64 18.66 18.34 18.06 18.03 17.82 17.69 17.40 17.46 17.32 16177 

iii?: 18.66 17.37 17.91 16.77 17.71 16.69 17.77 16.64 18.03 16.89 17.61 16.60 17.43 16.33 17.13 16.06 17.14 16.06 16.89 16.94 16.69 16.66 16.66 16.62 16.48 16.46 16.36 16.36 16.10 16.10 16.16 16.16 16.02 16.03 16.62 14.67 

Z8 
6QQ:o 

16.44 16.70 16.88 16.16 16.71 16.01 16.06 16.76 16.00 16.28 14.91 16.63 16.47 14.78 16.21 14.64 lb.23 14.66 16.C6 14.39 14.84 14.19 14.81 14.16 14.66 14.02 13.92 14.66 14.33 13.70 14.37 13.76 14.26 13.63 13.83 13.23 
16.09 14.68 14.43 14.46 14.70 14.37 14.22 13.99 14.00 13.86 13.66 13.63 13.49 13.40 13.19 13.23 13.12 12.74 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

248 
RAlGS 11 UIIIS OF ffi/SP a BK Ions 

97 

.*.*..*.1*****.*.1+..~*..*...***~*.*~.*~*~*..******.**~.***************~~~**...*****..~***~*..*****.*~.***.*.*~~**.*.***...*.*.**.*. 

::: 6.720 7.303 6.410 7.232 10.020 9.043 10.061 9.020 6.660 9.883 10.639 il.704 11.360 12.737 11.946 13.377 12.300 13.843 12.620 14.348 13.110 14.743 14.060 16.799 14.620 16.397 16.107 l7.023 16.330 17.274 16.671 17.694 16.031 18.284 16.440 18.619 

2: 
416 

7.862 8.494 6.007 8.767 lo.871 11.908 12.037 11.062 11.860 10.876 12.824 13.918 14.038 16.304 16.071 14.744 16.267 16.627 17.202 16.799 17.789 lb.292 17.464 19.060 18.110 19.789 18.829 20.688 20.866 19.106 19.497 21.321 20.381 22.376 20.662 22.619 
9.062 9.493 12.638 13.014 12.616 14.997 16.661 17.376 l7.97l 18.674 19.262 20.609 21.426 22.266 22.676 23.094 24.301 24.616 

6:0 i-: 
9 649 

10'266 101674 
10 223 
10'962 II:663 

13 769 
14'700 16:637 

13.990 13.779 16.068 it.786 16.666 19.298 19.927 20.694 22.142 23.032 23.916 24.266 24.832 29.178 28.373 
14 16:949 967 l4 16:710 743 17 16:204 136 19 20:241 014 21:226 19 946 2l:SZS x) 616 21 22:602 268 22 23:643 122 23 26:leS 66G 24 28:200 622 26 27:180 664 26 27:666 912 26 281243 646 28 2Q:838 020 28 30:012 202 

6.6 11.606 l2.417 16.681 16.937 16.683 19.276 21.470 22.604 23.241 23.936 24.960 29.672 27.77lt28.798 29.190 29.931 31.638 31.809 
7.0 12.147 13.168 17.632 17.933 17.962 20.362 22.703 23.786 24.666 26.267 28.378 28.174 29.341 30.412 30.821 31.613 33.427 X3.699 

8.0 13.47 14.66 19.46 19.96 19.66 22.62 26.19 26.39 27.20 27.94 29.22 31.19 32.48 33.64 34.08 34.97 36.99 37.17 

lo"-8 
11:o 

14.86 16.26 16.20 17.77 21.43 23.46 24.11 22.01 21.67 23.73 24.73 28.97 30.26 27.70 31.62 29.97 32.67 29.87 30.64 33.37 32.09 34.99 34.22 37.28 38.83 36.64 40.16 38.89 40.66 37.36 38.34 41.74 40.64 44.10 40.76 44.34 
il.76 19.39 26.60 29.26 26.84 29.26 32.86 34.31 36.31 39.14 37.93 40.38 42.06 43.46 43.98 46.16 47.68 47.97 

12.0 19.30 21.06 27.61 28.46 27.99 31.68 36.60 37.04 38.10 38.94 40.91 43.63 46.33 46.80 47.36 48.62 61.30 61.62 

16.0 24.22 26.29 34.20 36.33 34.71 38.81 43.71 46.61 40.73 47.63 60.12 63.23 66.41 67.10 67.72 69.26 62.36 62.86 
it8 33.46 43.90 36.69 46.69 M.13 69.21 47.74 61.33 46.64 60.10 66.87 61.78 74.28 68.39 60.60 76.93 62.08 78.66 93.03 79.62 68.44 84.02 70.40 88.84 73.21 92.30 76.24 94.66 76.98 96.46 77.93 97.87 102.11 81.64 103.46 82.62 

2:: 66.62 88.27 71.08 68.33 73.39 88.63 76.06 PI.87 74.46 89.84 81.06 97.28 109.62 91.37 113.13 94.46 116.34 98.42 116.29 97.39 102.81 122.81 108.66 129.48 112.68 134.32 116.34 137.27 116.22 138.21 119.M 141.48 123.81 146.72 126.66 149.13 

40.0 82.10 84.81 104.90 106.73 106.26 114.62 128.99 132.96 136.39 136.29 143.96 161.62 167.19 160.41 161.41 166.12 170.81 173.83 
46.0 96.96 99.49 122.16 126.60 123.64 132.76 149.46 163.86 166.62 167.37 166.24 174.92 181.24 184.73 186.78 189.92 196.07 199.73 
SO.0 112.84 116.07 140.36 146.46 141.97 161.94 170.96 176.81 178.72 179.48 189.61 199.34 206.46 210.20 211.29 216.86 222.46 226.79 
66.0 129.69 131.66 169.49 166.26 161.22 172.06 193.47 196.61 201.94 202.61 214.04 224.86 232.79 236.78 237.90 242.92 249.96 264.96 
80.0 147.60 148.69 179.62 186.00 181.37 193.06 216.99 222.80 226.16 226.72 239.61 261.46 780.22 264.46 286.60 271.06 278.66 284.27 

66.0 166.2 167.1 200.4 207.6 202.4 214.9 241.6 247.8 261.4 261.8 266.0 279.1 288.7 293.2 294.3 390.3 308.2 314.6 
70.0 186.9 186.1 222.2 230.1 224.3 237.7 266.9 273.7 277.6 277.8 293.6 307.7 318.3 322.9 324.1 330.6 338.9 346.1 

100: 2.: 0 

227.8 226.6 266.2 277.7 270.6 286.7 320.6 328.3 332.6 332.6 361.2 368.0 380.4 386.6 386.7 393.9 403.2 412.0 

321.6 273.0 269.9 316.3 317.4 399.7 328.6 382.6 319.8 372.2 336.6 391.1 377.6 438.2 386.6 448.1 3Ql.2 463.2 390.8 462.4 412.7 477.7 432.1 499.8 446.4 616.2 461.9 622.0 463.1 623.2 461.3 632.3 471.6 643.6 481.8 666.5 

160.0 806.9 689.7 673.3 696.0 676.4 704.8 787.6 803.3 810.6 809.7 861.4 888.7 916.8 924.1 924.9 938.9 966.4 976.8 
200.0 963.1 920.0 1036.9 1073.6 1043.3 1081.1 1206.4 1228.9 1237.3 1229.1 1297.0 1342.4 1386.3 1402.8 1402.7 1422.0 1436.6 1473.6 
260.0 1373.2 1299.0 1466.0 1603.3 1463.7 1608.6 1682.0 1716.4 1720.6 1707.0 1801.1 1864.8 1916.6 1944.6 1942.6 1971.0 1978.6 2036.2 
300.0 1829.6 1719.0 1914.6 1977.9 1927.8 1979.3 2206.8 2269.0 2262.1 2232.3 2366.2 2418.1 2499.2 2639.2 2634.7 2673.4 2672.9 2660.4 
360.0 2326.3 2174.8 2411.9 2491.6 2429.8 2488.3 2771.6 2846.7 2826.9 2799.1 2962.6 3026.8 3127.6 3179.8 3172.6 3222.0 3213.0 3312.6 

t%.: 
600:0 

2868. 3422. 3176. 2uG2. 2943. 3603. 3618. 3040. 3630. 2966. 3031. 3003. 3374. 3472. 3437. 
40::: 4l4l;. $0;: 

3402. 4038. 3689. 4268. 3973. 4364. 3798. 4600. 3861. 4678. 3861. 4664. 4637. 3911. 4609. 3893. 4016. 4766. 
4013. 3716. 4089. 4224. 4121. 4201. 4702. 4968. 6066. 6236. 6327. 6310. 6394. 6367. 6628. 

*C*,*,*+.t.~l*,.**...*.****~******~**...****.**..**..**.**.***.***..*.*~.*....*****.***~.*******.*.***........**.*.***.*~.*.******** 
E/A 3n TE BA LA FR SH CD 80 m LU TA RE IR AU PB BI m u 

60 62 se 67 69 62 64 67 69 71 73 76 7-r 79 a2 83 90 92 
*C***.*~*.".******.**.*****.***.*.*....****~.*******~..**.....*.*..*~**.*******~**..*****.****.**~*.*.*.~*~***.**~~~*.~.**.****...~ 

2.6 17.24 17.87 19.26 19.62 20.33 21.34 21.96 22.73 23.19 23.64 24.10 24.69 26.07 26.61 26.09 26.30 29.16 28.74 
3.0 IS..67 2Q.32 21.71 22.06 22.79 23.96 24.64 26.68 26.10 26.63 27.14 27.68 28.28 28.76 29.38 29.68 31.67 32.20 
2: 

4:6 

21..76 23.84 22.61 24.79 24.00 26.19 24.33 26.61 26.08 27.27 29.38 28.69 27.14 29.63 28.22 30.72 28.79 31.36 29.39 32.01 32.62 29.96 30.64 33.26 31.24 34.03 31.76 32.41 36.28 36.47 32.61 37.73 34.74 38.43 36.40 

26.86 29.91 28.31 26.61 29.39 30.92 31.82 33.14 33.81 34.62 36.19 36.86 36.71 $4:; 38.03 38.22 40.60 41.34 

6.0 27.84 28.98 30.36 30.67 31.46 33.10 34.07 36.49 36.19 36.97 37.67 38.37 39.32 39.96 40.70 40.88 43.39 44.16 
6.6 29.78 31.01 32.42 32.6Q 33.49 36.24 38.26 37.79 38.63 39.36 40.11 40.84 41.86 42.62 43.31 43.49 46.12 46.92 

8.: 
7:o 

31.70 33.61 33.02 36.02 34.43 36.43 34.70 36.68 36.49 37.48 37.36 39.44 38.43 40.68 40.06 42.29 40.83 43.11 41.71 44.04 42.60 44.86 43.26 46.66 44.36 46.82 46.06 47.66 46.87 48.40 49.04 48.66 49.79 61.44 49.63 62.30 
36.61 37.00 38.42 38.66 39.46 41.61 42.71 44.62 46.37 48.34 47.21 48.03 49.26 60.02 60.90 61.06 64.06 64.96 

1o:o E 

39.29 40.96 42.38 42.69 43.40 46.84 46.96 48.93 49.84 60.91 61.86 62.74 64.09 64.91 66.86 66.01 59.24 80.20 

43.07 4G.87 44.91 46.68 49.34 60.31 49.62 60.47 47.33 61.27 49.76 63.89 61.18 66.41 63.33 67.73 64.30 68.76 66.46 69.99 61.08 66.47 62.08 67.41 93.67 68.88 94.60 69.76 60.78 66.69 60.92 66.82 64.39 69.63 66.41 70.61 
11.0 60.70 62.87 64.31 64.46 66.24 68.04 69.67 62.14 83.22 64.66 66.70 69.76 68.46 69.46 70.61 70.73 74.67 76.81 
12.0 64.67 66.91 68.36 68.46 69.26 82.22 63.96 86.68 67.71 69.12 70.36 71.46 73.27 74.31 76.66 76.86 79.84 al.04 

16.0 68.41 69.26 70.71 70.74 71.49 76.00 77.06 80.12 81.40 83.06 84.49 86.76 87.90 89.10 SO.66 SO.63 96.63 96.91 
%:: 109.13 67.l2 113.77 90.84 116.24 92.31 114.97 92.20 116.49 92.86 120.81 97.26 123.90 99.82 103 128141 62 106 130'13 12 

166:49 

132'61 107 19 

169:38 

134174 108 97 110 136'60 48 

l63:88 

113 139:71 16 114 141:36 69 116 143164 44 143 118.47 62 122.90 161 02 163.02 124.28 

30.0 132.47 136.06 139.62 139.09 139.44 146.70 149.34 164.66 161.86 167.62 169.48 172.21 172113 180:87 183.18 
36.0 167.10 163.69 166.14 164.63 164.70 l7l.92 176.12 182.08 184.20 187.60 190.34 192.62 196.90 198.98 202.17 202.03 212.16 214.79 

2: 163.0 210.2 190.6 216.9 192.1 220.3 191.3 219.3 219.0 191.2 228.2 199.4 204.2 233.6 210.9 241.0 213.2 243.6 216.9 247.7 220.2 261.3 222.7 264.1 227.6 269.6 229.8 261.9 233.6 266.2 233.3 266.9 278.9 244.9 282.3 247.8 

6o:o El.8 

236.6 248.4 249.7 248.6 248.0 268.3 294.2 272.4 276.1 279.7 283.7 286.8 292.7 296.4 300.2 299.8 314.4 318.1 

208.1 296.8 311.0 279.1 312.2 280.4 310.6 279.0 309.4 278.1 322.0 269.6 329.2 296.1 338.8 306.0 308.0 342.0 313.0 347.6 317.4 362.3 320.7 366.9 327.3 363.0 330.1 366.0 336.6 372.0 336.0 371.6 309.3 361.2 366.2 393.7 

Fk: 330.6 393.6 344.0 378.2 379.4 346.2 343.3 377.2 341.8 376.3 390.2 366.6 363.4 396.8 373.9 410.0 377.2 413.6 383.2 420.0 426.7 388.4 392.3 429.9 400.0 438.2 403.2 441.6 409.8 448.8 409.2 428.6 433.4 
448.1 409.3 474.4 

1oo:o ii.8 
432.6 449.9 460.9 448.2 446.6 462.9 472.9 496.7 489.7 497.0 603.6 608.4 618.0 621.6 630.2 629.3 664.1 660.1 
606.6 692.6 906.6 626.8 GO6.4 626.6 602.6 623.4 696.2 619.9 620.6 639.9 653.7 661.2 849.9 6G6.7 670.1 664.7 864.0 678.4 672.6 686.0 678.6 691.3 602.2 690.6 Bob.2 696.0 616.2 706.6 916.1 043.6 660.4 

706.2 737.8 746.3 

160.0 1022. 1082. 1062. 1064. 1044. 1082. 1126. 1136. 1160. 1164. 1198. 1218. 1216. 
z:t 1643. 2130. 102. 2210. E? . 1689. 2196. 2170. 1671. :!:t. 

2922: 3960. 

2282: :&Y. 2329. 1691. ZE . 1721. 2366. 1742. 2396. 2411. X: 2446. ::::: 2468. 1790. 2498. 1619. 1816. 2491. :fE: :Z 
2664. 2618. 

ii:: &tt:: 3642. 2831. 2967. 3703. $0.0:. . 3036: 3783. g;;: gil;: $I;. . 3949. 3171. 3188. 3972. 3240. 4036. 3231. 4026. 410s. 3309. y: 

400.0 :K. 4363. z%- 4366. 
%8:8 6777: %F. . 6330: E: 

z%:. 
6919: 

ii::. 4483. 4666. 4677. 4830. 4713. 4773. 4902. 4880. 4866. 4967. 6088. 
soa2: 6160. 6304. 6273. 6403. 6279. 6410. 8362. 6473. 

s:: 
6439. : 8462. 6669. 6641. 6639. 8682. 6674. 9568. 6796. 6749. 6847. 8006. 

8666. 6776. 6981. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

249 
ELLCTROIIC STOPPIIG POWER II MITS OF IQZV/tHG/SQ Ql) 

it: 
so:0 
66.0 
60.0 

160.0 
200.0 
260.0 
300.0 
360.0 

400.0 

2x 

2 12 
Is AL SI CA 

13 14 20 
~**.+*..*.**..**.*.*. *..*.** l .**...  

146.1 126.0 118.4 119.1 104.1 
166.9 129.8 123.2 124.2 109.6 
164.1 132.6 126.0 127.2 113.0 
198.3 134.0 127.6 128.9 116.1 
170.6 134.6 126.1 129.7 116.3 

n CR PE 11 al 
22 24 26 18 29 

.~++**++.+++C.*C+..*.*.*...*.~*~*~ 

ii:: ii:: 

ii:: 2: 
100.9 99.,4 

SE SR zn 
34 36 40 

l +****1.****..****..*. 

2; 62.6 61.6 

7311 E-7 

TX 72:0 73.7 

It3 
46 

I******** 

.E:: 
61.1 

EX 

4:G 
‘I.... 

ii:! 
62.6 
64.9 
as.6 

208.4 171.6 134.4 126.1 129.9 117.0 101.6 87.1 82.0 76.2 75.8 74.9 67.2 67.6 
204.8 171.6 133.9 127.8 129.6 117.1 101.9 

Z:? 2: Zk: 
87.8 62.7 79.0 76.8 

E3 

201.0 170.9 133.2 127.1 129.0 117.0 101.9 f:8 96.3 E: ii.: ti?: 79.4 

T?? 

. 

Z:? 88.7 

197.3 169.6 132.2 126.2 128.3 116.6 101.7 96.3 79.7 tic:: 
193.6 NW.4 131.1 126.2 127.3 116.0 101.3 97.6 96.1 93:s 88:2 83.2 79.7 Z:d -%.: . 70:o 

166.1 166.1 128.6 123.0 126.2 114.6 100.2 79.6 70.4 70.1 
179.2 161.2 126.9 120.6 122.8 112.7 78.9 

T8:3 ct.: 
. 70.4 

172.7 167.3 123.2 118.0 120.3 110.8 76.1 76.6 K 70.1 ES 
166.6 163.4 120.6 116.6 74.8 
161.0 149.6 117.9 113.1 ;::.; . ;'3$; . z:: 74.6 74.0 72:o xx.: , E?f 

148.4 138.7 110.7 lg.; 'OF& 101.2 8s-1 t: E-T 5::: 73.1 71.6 71.2 z-t 67.0 66.8 

127.9 123.9 
114.1 112.2 

1CO:: 
69:s 

76.7 . . 88.9 66.6 83.2 
91.0 

102.; 'O&f . 79.9 86.6 TI.0 82.4 %:f 
c2.i 
84:s 

ii*: 
64:6 

2: 
%A 

86.3 e1:1 59:a 66.6 
62.7 62.4 e1:1 

EA.; 

69.0 66.8 .K:t 67.6 64.6 
2: 
53:fi 55:o 62.2 

67.69 99.71 76.11 72.47 74.48 70.93 83.19 61.80 61.09 61.24 67.93 66.36 63.62 63.00 62.66 61.93 60.97 49.72 
82.05 83.29 71.02 68.65 70.49 87.28 60.00 68.72 58.09 68.27 65.13 62.74 51.08 60.64 60.46 49.66 %.I2 47.62 
77.09 78.63 67.46 65.16 67.01 64.06 67.19 68.01 66.44 66.66 62.66 60.40 48.84 48.36 48.29 47.49 Qb.70 46.66 
72.81 74.67 64.33 62.16 63.94 61.26 64.70 53.60 63.08 63.31 50.46 48.32 48.63 48.41 %.36 46.62 44.89 43.60 
69.08 71.01 61.66 69.48 61.22 66.73 62.46 51.45 60.96 61.22 48.49 %.46 45.03 44.66 44.62 43.92 43.26 41.21 

66.80 67.66 69.07 67.10 66.76 66.46 60.48 49.61 49.07 49.33 48.71 44.76 43.40 43.07 43.04 42.39 41.76 40.76 
62.68 65.02 66.83 64.96 66.66 54.41 %.87 47.76 47.36 47.61 46.10 43.23 41.92 41.62 41.61 40.99 40.40 39.44 
67.92 SO.19 62.96 61.23 62.76 60.64 46.62 44.69 44.34 44.62 42.27 40.64 39.33 39.08 39.08 38.63 36.00 37.12 
63.64 56.18 49.71 48.10 49.66 47.63 42.86 42.10 41.79 42.08 39.87 38.26 37.13 36.92 38.93 36.43 36.94 36.14 
60.43 62.81 %.94 46.44 46.81 46.26 40.66 39.88 39.61 39.89 37.81 3S.30 36.23 36.06 35.07 34.82 34.16 33.42 

39.21 41.66 37.61 38.36 37.47 39.40 32.71 32.20 32.03 32.33 30.66 29.48 26.63 26.64 28.68 26.26 27.90 27.38 
32.87 36.46 32.21 31.18 31.94 31.32 28.12 27.69 27.66 27.98 26.60 26.07 26.19 24.63 24.72 24.38 24.61 23.74 
29.11 31.66 28.80 27.68 28.51 28.07 26.23 24.49 24.66 26.14 23.63 23.44 22.66 22.19 22.27 21.89 22.19 21.43 
26.49 26.62 26.38 26.64 2S.13 26.76 23.16 22.26 22.63 23.11 21.91 21.66 20.84 20.43 20.61 
24.66 29.79 24.66 13.78 24.34 24.02 21.61 20.61 21.32 21.68 20.47 20.13 19.47 19.10 19.19 

fC':;; $4; ;;.:z 

23.07 26.22 23.16 22.42 22.96 22.67 20.40 19.67 20.14 20.40 19.36 19.02 16.40 16.07 18.16 17.86 18.09 17.61 
21.90 23.96 22.04 21.34 21.86 21.59 19.44 16.76 19.20 19.46 18.46 18.13 17.66 17.24 17.32 17.05 17.27 16.71 
20.96 22.98 21.13 20.46 20.97 20.72 18.66 18.02 18.43 16.68 17.73 17.41 16.86 16.67 16.65 16.39 16.60 16.07 

Z:Z 61.14 66.46 48.70 62.86 %.66 62.79 48.98 63.13 
68.ba 66.67 56.80 66.16 
SO.67 68.09 68.01 66.38 
62.66 69.73 69.64 80.02 

~~L~~*~~.~~.~..~~~.~~~.~~..~~.~~~..~~~~~~~~~~~~~*~*~~~.~~~~~~~**~~,~..~~~~~~..~~~~.~~~.~~~.~~~**~~ 
PR SH CD SO ln W lx RE IR AU PB BI ln U 

69 62 64 67 69 71 73 76 77 79 82 63 90 92 
~~.~~.~~~.~~~.~tC~~L~~~~~.~~*~**~~~~~.~..~~~~~~*~~~~~~~.~~*~~*~~~~*.~~~~***~~.~~~~~~~*....*~~~~*.* 

48.49 46.69 44.21 41.70 40.79 39.70 38.92 38.27 36.66 39.40 36.00 36.09 34.81 34.21 
62.69 49.74 48.22 46.66 44.71 43.66 42.76 42.07 40.62 40.09 39.63 39.72 38.03 37.69 
66.77 62.76 61.18 48.58 47.66 48.49 46.63 44.93 43.46 42.66 42.38 42.47 40.63 40.15 
68.06 65.00 63.39 60.80 49.69 48.70 47.63 47.11 45.83 46.03 44.48 44.66 42.61 42.11 
69.74 66.66 66.06 62.49 61.69 60.40 49.61 48.79 47.31 46.69 QB.11 48.21 44.16 43.63 

::: 63.79 84.69 80.94 61.82 SO.64 61.72 61.23 62.11 61.00 61.92 67.94 69.67 68.31 67.26 63.77 64.74 62.69 63.66 51.70 62.70 60.80 61.80 60.09 61.09 48.61 49.83 48.99 47.98 47.36 48.36 47.47 48.46 46.34 46.27 44.80 46.72 

710 8.: 

66.32 62.44 62.34 62.74 62.69 69.66 57.94 65.48 64.64 63.46 62.66 61.66 60.41 49.77 49.12 49.22 46.99 48.43 

66.75 80.02 S3.16 62.87 62.77 63.06 83.17 83.46 63.06 (13.37 
SO.08 68.45 66.02 66.20 54.03 63.14 62.44 61.01 60.37 49.70 49.80 47.63 48.97 
0.40 56.80 66.41 66.61 64.46 63.67 62.88 61.46 60.83 50.15 60.24 47.96 47.36 

1o:o i?: 

88.20 83.35 83.26 63.66 83.64 80.73 69.15 66.86 66.09 64.96 64.09 53.41 62.04 51.41 60.70 50.80 46.47 47.90 

139.04 66.67 62.90 63.23 S3.14 62.81 63.54 63.22 63.66 63.30 
SO.73 59.19 66.97 66.24 56.14 64.28 63.62 62.26 51.67 60.96 61.05 48.70 48.13 
60.61 69.00 66.66 66.17 66.09 64.26 63.61 62.31 61.71 60.98 61.07 48.73 

:::: 66.16 64.66 62.43 61.87 62.36 61.79 62.76 62.19 62.87 62.34 60.16 69.66 68.67 66.23 56.60 68.23 66.94 66.60 64.89 64.68 54.06 63.77 63.44 53.16 62.17 51.93 61.60 51.37 60.85 60.62 60.96 60.72 48.61 48.39 Z.&g 47:64 

16.0 62.46 69.89 69.64 80.23 80.46 67.97 56.61 64.79 64.23 63.26 62.51 61.95 60.82 60.31 49.66 49.66 47.39 46.86 
2: 68.78 66.40 63.20 66.43 68.40 63.20 66.78 63.67 57.08 63.91 64.83 61.86 63.60 60.72 49.30 62.01 48.90 61.63 48.13 60.09 49.99 47.49 49.50 47.04 48.48 48.13 %.oa 46.76 47.31 46.04 47.41 46.13 46.26 43.11 ;.;; 

%t: 49.74 62.39 60.34 47.61 60.36 47.84 48.18 60.70 48.66 61.07 49.16 40.78 48.13 46.81 %.84 44.64 44.31 %.48 46.76 43.67 46.19 43.12 44.76 42.74 43.94 41.96 43.63 41.69 42.93 41.01 43.02 41.10 41.11 3S.29 36.66 40168 

47.40 46.67 46.62 46.94 46.33 44.66 43.76 42.87 42.37 41.78 41.25 40.90 40.16 39.94 39.29 39.37 37.66 37.27 
45.02 43.69 43.64 43.96 44.34 42.76 41.91 40.90 40.63 40.07 39.68 39.26 38.57 38.36 37.73 37.81 38.17 35.81 
43.47 41.61 41.87 42.17 42.67 41.07 40.26 39.32 39.07 38.64 38.07 37.76 37.12 38.93 38.32 36.40 34.83 34.49 
41.80 40.21 40.28 40.67 40.97 39.63 38.77 37.88 37.66 37.16 36.70 38.41 36.81 36.63 36.04 35.12 33.61 33.29 
40.29 38.77 39.84 39.12 39.62 36.16 37.42 36.66 38.36 36.89 36.46 36.19 34.61 34.46 33.88 33.96 32.60 32.19 

%:Z 38.92 37.67 37.46 313.26 37.63 313.33 37.80 36.60 38.20 39.99 36.86 36.72 B.16 36.06 36.39 34.30 36.16 34.11 34.73 33.66 34.32 33.28 34.08 33.03 33.51 32.60 33.36 32.37 32.81 31.83 32.89 31.91 31.49 30.55 31.19 30.27 

1oo:o Ez 

36.46 34.14 34.21 34.47 34.86 33.66 33.06 32.36 32.19 31.80 31.43 31.20 30.71 30.69 30.09 30.16 28.89 26.63 

33.67 31.94 32.33 30.76 32.40 30.64 32.66 31.07 33.03 31.44 31.92 30.4G 31.34 29.66 
30.70 30.66 30.16 29.64 29.63 29.17 29.07 28.59 28.68 27.46 27.21 
29.26 29.12 26.78 28.46 28.25 27.83 27.73 27.28 27.36 26.21 26.97 

150.0 2S.18 26.22 26.30 26.60 26.64 25.00 24.68 24.14 24.04 23.78 23.62 23.36 23.04 22.97 22.60 22.88 21.73 

200.0 22.70 21.91 21.90 22.07 22.36 21.67 21.32 20.9'3 20.89 20.66 20.46 20.33 20.06 19.99 19.68 19.74 19.46 250.0 20.60 19.79 19.66 19.72 20.01 19.44 19.24 10.69 16.SO 18.66 18.40 16.36 16.16 18.02 17.73 17.79 17.65 f;.;; 17109 
3Go.o 18.91 19.26 18.06 18.11 18.37 17.96 17.77 17.46 17.46 17.27 17.01 16.98 16.79 16.67 16.40 16.46 16.33 15.82 
360.0 17.71 17.10 16.91 16.96 17.22 16.82 16.66 16.37 16.38 16.19 15.96 15.93 16.76 16.64 15.40 15.45 16.32 14.85 

%E 
5oo:o 

16.01 16.76 16.19 16.46 16.30 16.02 16.07 16.36 16.56 16.31 16.94 16.23 16.78 16.08 16.61 14.83 14.84 15.62 16.36 14.0 15.13 14.47 16.10 14.44 14.96 14.29 14.84 14.19 14.61 13.97 14.02 14.65 13.90 14.63 14.10 13.49 
16.39 14.87 14.72 14.77 14.99 14.66 14.60 14.27 14.28 14.12 13.93 13.90 13.76 13.67 13.% 13.60 13.36 12.99 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

249 
BAIGE II USITS OF m;/SQ CZ'I CF 106s 

96 

E/P BE 
4 13 14 20 22 24 28 28 29 32 34 38 40 42 46 4;" t3" 12 

nc AL SI CA TI CB FB 11 aJ GE SE SR 2% HO SE 

.****...l.**.**+,..+.~..**.*..**.*.****.*~**.**.*~*...**~**..**..***.~*..*.**.*.***.****.~**...~****.****.*~.~~.**.***..*....*~**~~. 

E 
3:s 

6.690 7.270 8.380 7.202 9.013 9.988 10.019 8.990 6.830 9.862 10.602 11.666 11.340 12.696 11.903 13.333 12.310 13.792 12.70 14.207 13.060 14.%82 13.990 16.73% 14.480 10.306 18.964 16.048 16.270 17.214 16.609 17.631 16.964 18.216 16.370 18.649 
7.84% 7.977 10.93% 11.017 10.841 12.783 13.994 14.897 16.203 16.73% 18.229 17.391 18.048 18.7%9 19.043 19.432 10.311 20.691 

4.0 8.424 8.726 11.870 il.999 ii.812 13.874 16.268 16.022 10.671 17.136 17.723 18.984 19.723 20.601 20.799 21.263 22.303 22.643 
4.6 9.009 9.469 12.797 12.973 12.776 14.960 16.600 i7.321 17.910 18.604 19.182 20.638 21.364 22.187 22.60% 23.022 24.223 24.43% 

6:0 k: 
9 601 10.186 13 722 13 944 13 734 16 017 17 730 18 606 19 233 19.862 20.618 22 067 22 967 23 842 24 180 24 764 2U 096 M 288 

10'204 lo:817 10 II:639 912 14'660 IS:682 14'9i7 16:%94 14'693 IS:666 17'080 181144 18'963 x):176 19'883 21:16% 20'646 21:863 21 22:617 168 22 23:46% D41 23'679 26:081 24'640 2%:112 26'476 27:094 26'832 27:4%9 28.402 28:163 27'931 291742 29:914 26'111 

6.6 11.443 12.369 16.621 I%.876 16.023 19.210 21.398 22.429 23.169 23.843 24.887 Zb.678 27.677 28.706 29.097 29.834 51.636 31.704 
7.0 12.080 13.106 17.466 17.86% 17.697 20.280 22.626 23.704 24.487 26.189 28.278 28.073 29.239 30.312 30.720 31.609 33.316 33.48% 

8.0 13.39 14.60 19.38 19.87 19.67 22.44 26.10 zB.27 27.09 27.83 29.11 31.07 32.37 33.62 33.96 34.86 36.66 37.04 
9.0 14.76 16.12 21.34 21.92 21.68 24.63 27.60 28.86 28.76 30.61 31.96 34.09 55.61 38.76 37.22 38.21 40.39 40.60 

10.0 16.17 17.89 23.34 24.01 23.83 26.66 30.14 31.49 32.44 33.23 34.84 37.13 38.68 40.00 40.60 41.68 43.93 44.17 

:::: 17.64 19.16 19.29 20.94 26.38 27.47 2%.14 28.32 27.86 26.72 29.12 31.43 32.72 36.34 34.18 36.07 35.16 37.93 36.9% 38.76 37.7% 40.72 40.21 43.33 41.89 46.13 43.29 48.61 43.81 47.16 44.98 40.42 47.60 61.08 47.77 61.41 

::.: 
26:0 

24.03 33.16 36.64 lb.12 34.01 46.64 36.13 47.44 34.62 4%.66 38.S2 61.47 43.49 66.04 46.28 0.26 46.60 61.72 62.%% 47.38 49.88 66.06 70.00 62.97 72.80 66.14 66.83 74.83 76.66 67.46 68.98 77.61 62.06 81.20 62.66 82.07 
43.49 48.22 68.79 bo.90 69.68 66.43 73.80 780.43 76.14 79.11 83.47 88.28 91.72 M.07 9Q.88 91.27 101.60 102.83 

30.0 64.97 67.83 72.83 76.48 73.80 80.4% 90.72 93.78 96.74 98.70 102.09 107.80 111.91 114.67 115.46 118.27 123.09 124.64 
36.0 67.66 70.43 87.91 91.12 89.12 96.63 108.79 112.28 114.47 115.41 121.89 128.63 133.34 136.28 137.23 140.48 146.88 146.08 

40.0 81.20 83.99 104.00 107.80 106.36 113.69 127.96 131.88 134.31 136.21 142.82 160.44 166.97 169.19 180.19 183.87 189.63 172.63 
46.0 96.87 98.49 121.06 126.47 122.64 131.62 148.16 162.66 166.22 166.06 164.86 173.48 179.77 183.26 184.30 188.41 194.62 198.16 
60.0 111.64 113.8% 139.06 144.11 140.66 160.69 169.44 174.28 177.16 177.93 187.97 197.84 204.71 208.44 209.63 214.0% 220.63 224.92 
66.0 128.16 130.16 167.96 183.68 169.69 170.47 191.71 197.01 200.12 200.80 212.13 222.8% 230.76 234.73 236.86 240.83 247.83 262.80 
60.0 146.73 147.26 177.74 184.17 179.60 191.23 214.96 220.72 224.06 224.63 237.31 249.16 267.87 282.08 283.23 268.66 27B.09 281.77 

66.0 164.2 186.2 198.4 206.6 200.4 212.9 239.1 246.4 249.0 249.4 263.6 276.6 286.0 290.6 291.6 297.6 306.4 311.8 
70.0 183.8 184.0 219.9 227.8 222.0 236.3 2%4.3 271.0 274.8 275.1 290.6 304.8 316.2 319.9 321.1 327.4 336.7 342.8 

ES 224.9 289.6 223.8 266.7 313.9 266.3 274.7 2%7.% 316.3 333.2 282.7 317.2 373.6 324.9 362.4 329.2 387.1 329.2 386.7 347.7 408.4 3%4.3 427.8 378.6 441.6 381.7 447.3 382.9 448.4 390.1 466.6 399.3 460.7 408.0 477.0 324.9 
100.0 317.3 312.4 3%6.6 378.2 388.0 386.8 433.4 443.2 448.3 447.6 472.6 494.4 610.7 616.6 617.7 626.7 637.8 649.7 

160.0 600.6 680.9 BB4.9 887.3 BB8.0 698.2 778.0 793.6 800.8 797.1 841.2 878.1 906.9 913.3 914.1 927.9 S44.2 984.4 
200.0 449.3 907.3 1026.3 1069.4 1029.7 1067.2 1191.0 1213.2 1221.6 1213.6 1280.6 1326.4 1388.9 1386.3 1386.1 1404.3 1418.8 1456.3 
260.0 1363.1 1280.6 1436.2 1402.9 1443.9 1488.3 1669.8 1693.6 1697.8 1884.4 1777.4 1830.6 1891.4 1919.2 1917.1 1946.3 1962.9 2008.8 
300.0 1802.4 1694.3 1887.8 1960.4 1901.0 1962.2 2176.6 2228.1 2221.4 2202.0 2323.2 2386.4 2466.4 2604.9 2600.6 2638.8 2638.6 2616.0 
360.0 2191.3 2143.0 2377.7 2456.2 2396.4 2463.4 2732.7 2807.0 2766.6 270.2 2911.8 2984.0 3084.3 3136.0 3129.0 3177.7 3169.0 3287.1 

400.0 
460.0 

2816. 2622. 2900. 2996. 2923. 2907. 3326. 3423. 3300. 3364. 3638. 3821. 3743. %Z. 3797. 3867. 3839. 3980. 

600.0 
$37: 3129. 3462. 3666. 3479. 3661. 3962. 4071. 4022. 3980. 4197. 4292. 4438. 4499. 4671. 4644. 4808. 

3660. 4029. 4162. 4061. 4140. 4806. 4749. 4884. 4833. 4886. 4993. 6160. 6260: 6233. 6316. 6280. 6446. 

. . . . . . . ..+.......C.......~.......~..~~...~.~.....~......*.......~.......~...............~..~.............................~.......... 
E/P SY rE BA LA ,pa SH Go HO l?l LU TA BE IB AU PB BI In 

50 62 66 67 69 62 64 67 69 71 73 76 77 79 02 83 90 SIU 
..~......C"..............~....~..~~~.....~.........~..~....~.~..~...~~........~................~~.....~...~..........~...~....~.... 

2.6 17.17 17.60 19.19 19.64 20.26 21.26 21.06 22.63 23.09 23.63 23.99 24.47 24.96 26.40 26.98 26.19 28.03 28.82 
3.0 19.60 20.26 21.64 21.98 22.71 23.06 24.66 26.48 26.00 26.62 27.03 27.67 28.17 28.86 29.27 29.47 31.46 32.08 
3.6 21.68 22.64 23.93 24.26 26.00 26.29 27.06 28.12 26.%9 29.2% 29.86 30.43 31.12 31.66 32.30 32.60 34.62 36.28 

::: 23.77 26.78 24.72 zB.83 28.11 28.23 28.43 28.63 27.19 29.30 30.83 28.80 31.73 29.43 30.62 33.03 31.24 33.69 31.89 34.41 36.07 32.61 33.13 36.73 33.92 3%.69 34.48 37.19 36.16 37.91 36.36 38.10 40.47 37.61 38.31 41.21 

6.0 27.76 28.89 30.29 30.66 31.36 33.00 33.96 36.37 JB.07 38.84 37.66 38.24 39.19 39.82 40.67 40.76 43.26 44.02 
6.6 29.69 30.92 32.32 32.40 33.39 36.13 36.16 37.67 38.41 39.23 39.97 40.70 41.72 42.39 43.17 43.36 46.97 48.77 
6.0 31.60 32.92 34.33 34.69 36.39 37.23 38.31 39.92 40.70 41.67 42.38 43.12 44.21 44.91 46.73 46.89 48.64 49.47 
6.6 33.60 34.91 38.32 Jb.67 37.37 39.31 40.46 42.16 42.97 43.89 44.71 46.61 46.66 47.39 48.26 48.41 61.28 62.14 
1.0 36.39 36.89 38.30 30.64 59.34 41.38 42.67 44.37 46.21 48.18 47.06 47.07 49.09 49.86 60.74 60.90 63.88 64.78 

8.0 39.16 40.82 42.24 42.46 43.26 46.49 48.79 48.76 49.67 60.73 61.67 62.66 53.90 64.72 66.67 66.82 69.04 60.00 

10':: 42.92 46.70 44.76 48.70 46.18 60.13 4%.37 60.29 47.17 61.09 49.69 63.69 61.00 66.21 63.14 67.61 64.10 68.63 66.26 69.77 60.86 66.26 61.86 67.20 65.43 58.67 84.37 69.66 80.67 66.46 60.71 (16.69 (14.17 69.28 65.18 70.36 
11.0 60.61 62.67 64.11 64.26 66.04 67.82 69.46 81.90 62.97 84.30 66.46 89.60 88.20 69.19 70.36 70.47 74.39 76.63 
12.0 64.36 66.6% 68.12 58.23 69.01 81.98 83.71 %%.31 67.44 68.86 70.07 71.17 72.98 74.02 76.26 76.36 79.63 80.72 

16.0 68.11 88.96 70.40 70.43 71.18 74.87 78.71 79.76 81.03 82.69 84.12 86.37 87.61 88.71 SO.16 SO.24 95.12 98.49 
20.0 68.66 90.36 91.83 91.72 92.37 68.76 98.31 103.0% 104.68 106.84 108.40 109.92 112.6.9 114.01 116.86 116.89 121.99 123.66 
26.0 108.46 113.09 114.67 114.30 114.82 120.11 123.19 127.67 129.38 131.86 133.96 136.72 138.91 140.66 142.83 142.81 160.18 162.16 
30.0 131.60 137.16 138.83 138.20 138.66 144.78 148.40 163.69 166.61 168.38 160.84 102.86 160.67 108.43 171.16 171.07 179.76 182.08 
36.0 166.00 162.66 164.01 163.40 163.67 170.76 174.92 180.82 182.96 186.23 189.06 191.32 196.68 197.83 2-X.83 200.69 210.75 213.38 

40.0 181.7 189.2 190.7 169.9 169.6 198.0 202.7 209.4 211.7 216.4 218.6 221.1 226.9 228.2 231.9 231.6 243.1 246.1 
46.0 208.6 217.2 218.6 217.6 217.3 228.6 231.8 239.2 241.7 246.8 249.4 262.2 267.6 280.0 284.2 2%3.9 276.9 280.2 
60.0 236.6 246.3 247.7 248.6 246.0 266.2 lb2.1 270.2 273.0 277.6 281.6 284.6 290.4 293.1 297.8 297.6 312.0 316.6 
66.0 266.8 276.7 278.0 270.6 276.8 287.1 293.7 302.6 306.4 310.4 314.8 318.1 324.6 327.4 332.7 332.3 348.4 362.4 
80.0 296.1 308.3 309.6 307.9 306.7 319.2 326.4 336.0 339.1 344.6 349.3 362.9 360.0 382.9 368.9 388.4 386.0 390.4 

66.0 327.6 340.9 342.2 340.3 338.8 362.4 30.2 370.6 373.9 379.8 386.0 386.9 396.6 399.7 406.2 406.8 426.0 429.7 
70.0 360.1 374.7 376.9 373.7 371.9 3%%.7 396.2 408.3 409.8 416.2 421.9 428.0 434.3 437.6 444.8 444.1 466.1 470.2 
2: 428.3 600.6 446.6 620.6 446.6 621.4 443.9 618.2 441.3 614.7 468.6 634.6 Qo6.4 MS.8 481.1 560.1 486.0 664.6 492.3 672.8 498.9 680.2 603.6 586.6 613.1 696.4 600.3 616.7 610.2 626.3 609.1 624.4 837.4 549.0 (u4.1 664.9 

100.0 676.6 699.6 800.2 698.4 692.0 614.6 627.2 843.2 648.0 667.3 06.7 671.6 683.8 688.0 699.4 698.1 730.3 737.8 

EC: 

260:0 

:::9. 1682. lo60. :%F 1042. * 1032. 1662. 1069. 1606. 1090. :i::. 1122. 1680. 1137. 1700. ::% 1733. 1160. ::z 1186. ::z 1202. 1793. ym&. y&. 

2102: 2182. 2184: ::t; 2216. x 2299: 2308. 2336. 23%4: 2380. 2416: ::z- 24%%: 2480. 2631: 2686: 
300.0 

3417. %!E~ . 3661. 3639. 3494: 2%: 3%62. 3723. 3732. $X&s . g;t. . 3844. p2;. . g: . p;. . g. . 4064. 4167. 
2736. 2047. 282s: pg. 292s: 2986. 2996. 2066. 32%%. 3344. 

360.0 

E: 
600:0 

4140. 4901. 4292. 5080. ::::* E% ZEi. 4361. p;. p;. :::3. E8- 4028. 6470. 464%. 6491. fan 4736. 6694. iii:. 'A9X. 48a9. 6018. 6921. 
6694. 6901. 6944: 6916: 6834: :z: %072: 6163: 6190: 8261: %347. 8570. 84481 %489. 0693: 6674: ts: %8%2. 
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TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

&ECInOIIC 6TOPPIlO POWER I6 u6LT.s OF Ilsv/m~/sQ aI) 
264 

Es 1013 
99 

*' I= ec I? 13K 14= loa 2 2QcB 22 2am zscu 2 34% 3aSR 4om 4zH0 Bs 4f9 46 .*.**..*,*++***.**.*~.*..*.**.~*.~*.*.*..**..**....~*..~..~.**..**.*.~.*~...****.*.**.****...~..*..****.***.*.**..****....*..*.*..*. 
214.3 146.4 126.7 119.0 119.7 104.0 
217.8 167.6 130.6 114.0 126.0 110.1 

Et! ii:8 61.8 69.3 66.0 

118.1 166.0 133.6 126.9 128.1 113.7 

1%:: 101.8 E*? 97:1 

ik: 
K 

61:s 
69.6 
61.8 

t:: 216.0 214.0 189.4 lTl.9 136.0 136.6 128.4 129.1 119.9 130.7 116.9 117.2 E:F 21' Z!:: 

it: 210.7 x)7.2 173.0 173.1 136.6 136.1 129.2 128.9 131.0 130.7 117.9 118.1 101.7 102.3 it:: 87.7 ii:: 

103.6 17l.C 134.4 138.3 130.2 118.0 101.7 MS.7 171.6 133.4 127.4 US.6 117.6 102.8 i2.i %+i 
196.9 170.2 131.3 128.6 128.6 117.1 101.1 9814 70:s 

::; 189.6 181.6 103.1 199.8 127.3 129.9 124.2 121.8 120.4 124.1 116.8 113.9 IO&f . ZX 70.6 70.7 

:Ki 

12:o 

176.1 169.0 166.2 169.2 124.8 121.9 119.3 lib.8 121.6 119.2 112.0 110.1 ii:; z.: 70.1 

103.3 161.4 119.3 114.4 116.8 108.1 96.1 92:l iFi:: 

ii?8 677.7 
26:0 

148.6 129.8 140.6 126.6 111.0 101.8 lo;.; . 
pg.; y&t EEi 

z?8 
69.0 

%:: 98:s S9:S 
St:1 66.6 
64.2 62.9 

89.39 90.16 79.26 73.66 76.60 71.98 84.12 62.70 61.99 82.14 68.77 66.18 64.39 63.76 63.84 62.68 61.70 60.43 
83.47 Bl.06 72.12 69.61 71.67 68.30 0.90 69.60 66.96 69.14 66.96 63.62 61.84 61.19 61.20 60.31 49.43 48.21 
76.44 18.94 99.62 69.17 88.06 06.07 68.07 66.86 66.18 66.49 63.46 61.16 49.67 49.09 49.02 48.20 47.40 46.24 
74.10 76.83 06.36 93.14 84.90 61.21 66.66 64.43 63.91 64.13 61.24 49.00 47.66 47.12 47.07 48.31 46.67 44.46 
70.31 72.12 62.66 -0.44 62.10 69.96 63.31 62.26 61.78 62.02 49.26 47.18 46.73 46.36 46.31 44.60 43.92 42.66 

A:: 88.98 64.01 OS.02 W.16 60.03 67.77 68.03 66.86 67.61 69.73 66.29 67.37 49.46 61.29 48.63 60.30 49.86 48.11 49.38 60.11 47.46 46.82 46.47 43.92 44.09 42.69 43.76 42.28 43.71 42.27 43.06 41.64 41.04 42.42 :.4$ 

1oo:o cx 

6.8.97 61.26 63.86 61.09 63.64 61.68 49.27 46.43 46.07 46.36 42.96 41.20 39.97 39.72 39.72 39.16 38.61 37172 

64.83 61.37 67.19 63.79 60.66 47.76 48.93 49.23 60.39 47.62 49.64 46.03 43.68 41.27 42.81 40.66 42.49 40.18 42.78 40.67 Ui.64 38.46 38.90 36.91 37.74 36.82 37.6 36.6 t 37.64 36.68 
37.04 36.63 36.71 
36.20 34.73 33.98 

160.0 39.96 42.33 38.20 37.02 38.14 37.08 33.30 32.78 32.60 32.91 31.21 30.00 29.13 29.06 29.08 28.76 28.39 27.86 

x)0:0 wz 

33.61 38.13 32.81 31.76 32.63 31.90 28.64 28.10 28.17 18.49 26.98 28.64 26.66 26.09 26.17 24.81 26.08 24.17 

29.68 27.01 32.17 29.38 29.36 10.88 29.41 20.03 29.06 29.63 28.61 29.26 26.71 23.61 24.96 22.71 26.32 23.27 26.61 23.66 24.28 22.33 23.88 21.96 23.08 21.24 22.61 20.82 
22.69 22.30 22.80 21.83 
20.90 20.66 20.83 20.13 

360.0 26.04 27.31 26.04 24.26 24.81 24.49 22.03 21.22 X.73 22.00 20.87 20.62 19.86 19.47 19.66 19.24 19.49 18.86 

400.0 23.63 26.72 23.01 22.86 23.41 23.11 20.80 20.06 20.63 20.79 19.73 19.39 18.76 18.42 18.60 18.21 18.44 460.0 22.33 24.46 21.47 21.76 22.29 22.02 19.82 19.13 19.67 19.83 .18.82 18.49 17.90 17.68 17.66 17.38 17.61 ;;d; 

600.0 21.37 23.43 21.66 20.87 21.38 21.13 19.02 18.38 18.79 19.06 18.08 17.76 17.19 16.89 16.97 16.71 16.92 16.38 

.+*+.*+.***I.++..****.~.~~**.~*****~..*.*.**...*~***.*..*~..**.***.**....****..********.~..*......***....****.*~***.**.~..*.....*.*~ 
B/A SI TE BA LA PR SH (nCO 87E0 8911f 71LU 73TA 76RE ,71R 79AU 82pB 83BI wm 92U 

60 62 68 67 69 62 
+**r***+**q****++rc+*~~**********..**********.~**********.***********~****.*********.********************~****~*****.***.*******~.~ 

61.31 48.96 48.81 49.13 48.63 46.79 44.34 41.83 40.91 39.82 39.04 38.39 39.99 38.61 38.11 36.20 34.71 34.31 
66.69 63.07 63.01 63.36 62.91 49.96 49.42 46.83 44.90 43.76 42.93 42.24 40.79 40.26 39.79 39.88 38.19 37.75 
68&E 60.16 60.08 68.44 66.06 63.02 61.44 48.83 47.89 49.72 46.88 46.16 43.07 43.09 42.68 42.68 40.93 40.36 
61.23 68.43 6.9.34 68.71 68.38 66.31 63.70 61.09 60.17 48.98 48.10 47.38 46.89 46.28 44.73 44.83 42.86 42.36 
62.99 60.11 0.02 90.40 90.12 67.03 66.40 62.81 61.91 60.71 49.82 49.10 47.60 48.98 48.40 46.49 44.42 43.90 

94.14 01.36 61.16 61.66 
62.27 62.17 62.66 
62.92 62.81 83.22 
03.36 63.27 93.67 
93.67 63.67 93.97 

61.41 63.33 

60.66 60.60 -0.90 01.12 66.91 
67.11 67.08 67.46 67.76 66.48 
63.88 63.88 64.26 64.69 62.60 
61.01 61.01 61.38 61.76 49.81 
48.47 48.60 49.64 49.12 47.42 

20.69 
44.69 

2% 
39:72 

38.04 39.11 38.39 
36.83 36.90 37.17 
g8.g g.z g.g 

31:27 3l:36 3l:SS 

26.67 26.76 26.96 
n.3i 12.29 12.47 
10.16 19.93 28.09 
18.60 18.39 IS.46 
17.43 17.23 17.29 

16.60 16.33 16.38 
16.79 16.60 16.66 
16.16 16.01 16.06 

38.79 37.46 
37.67 38.28 
36.42 34.12 
33.67 32.44 
31.97 30.90 

28.29 26.44 
22.79 21.07 

E?i 
17:66 

:x 
17: 14 

16.93 16.26 
~~.Ez$ :f.g 

69.69 64.13 
67.66 66.14 

69:28 E.8; g.s$ 69:87 

69.67 
69.73 

E% 
69:e3 

67.36 

67.23 66.39 
64.24 62.63 
g.;g 

46144 

g.; 

46:26 

EG 
4O:SS 
39.36 
37.99 

EE 
32:98 

x3 
31171 

31.21 31.06 
29.76 29.60 

26.01 24.66 
21.71 21.36 
19.90 19.24 
:g.;g :;.7s& 

16.08 16.81 
16.37 16.11 
14.79 14.66 

63.24 
64.27 

i%.:x 
66:07 

ii% 
49:61 
47.10 
44.92 

42.97 

ii*:: 
38:21 
36.91 

24.46 
11.27 
19.26 
17.79 
16.69 

16.81 

::::i 

62.04 61.14 
63.07 62.S7 
63.94 62.96 
64.46 63.66 
64.90 64.00 

ii.: 

66:61 

;t.;; 

64:78 
66.43 64.69 
66.13 64.31 

g.g $3; 

&II 38h3 
37.71 37.26 
30.43 36.00 

36.27 34.86 
94.20 33.80 
32.31 31.93 

ifi% 3% 

24.19 23.93 
21.06 20.83 
is.03 18.74 
17.69 17.33 
16.60 16.26 

g.g g.;: 

14140 i4:ao 

48.94 

~% 
61:41 
61.88 

6p: ;s.;g 

64:li 62:80 
63.96 62.69 
63.70 62.49 

62.62 
60.08 

:x 
43132 

61.37 
49.08 
49.71 
44.62 
42.63 

zx 
31:20 
29.66 
28.29 

23.44 
20.42 

K 
1e:oe 

16.39 16.23 
14.72 14.67 
14.17 14.03 

48.30 
49.34 

E% 
61.14 

61.86 
62.14 
62.20 
62.10 
61.89 

60.86 
49.63 
46.34 
44.20 
42.26 

40.60 
38.91 
37.47 
Xl.16 
34.97 

47.69 
48.70 
49.49 
60.09 
60.66 

61.14 61.24 46.69 46.32 
61.41 61.61 49.14 48.67 
61.46 61.66 49.19 48.62 
61.36 61.46 49.08 48.62 
61.14 61.23 48.88 48.32 

60.10 60.19 
47.87 47.97 
46.61 46.70 
43.49 43.68 
41.67 41.66 

39.83 39.92 38.17 

EiT 
36:66 

%E Ef: 
36:66 34:ll 

34.39 x.47 33.00 

33.31 33.39 
32.33 32.40 

%?: 
27173 

ix 
27:80 

22.99 
20.04 
18.06 
19.71 
16.69 

:t:; 
13:93 

::*z 
13172 

47.79 
48.80 

%2 
so:es 

46.64 
46.69 
47.33 

:Z:f: 

46.10 
48.04 

x 
47176 

47.36 

::.:t 
41121 
39.41 

37.79 
38.32 
34.99 
33.78 
32.68 

23.06 
20.09 

E:a 
16:74 

14.94 
14.29 
13.76 

31.97 31.67 
31.03 30.74 
29.36 29.06 
27.90 27.66 
26.64 26.40 

:i.;: 
17:98 
16.64 
16.62 

14.81 

::::i 

21.92 
19.17 
17.40 
16.12 
16.14 

14.37 

:3: :i 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

Z:Fi 
2817. 2626. 2906. 
$33;. 3132. 3466. 

g. $99;. 3z;. g3;: 34;. 3384. 3360. 3826. 3760. 3814. 3804. 3864. 3847. 3988. 

. 5663. 4034. 4167: 4068: 4146: 4612. 4766: i%: 
3986. :::‘4: 

600.0 
4299. 4443. 4620. 4607. 4679. 4662. 4898. 

4840. 4893. 6000. 610. 6268. 6241. 6324. 6288. 6467. 

. ..**....*.**....*..****.....*****.***.*.**...**.~****.*~..*..*..**..***.*.**~.*.**....*~****~..***......**....**...***...*~..*.**.. 
K/A Sl IB BA LA PR SFI GD 80 RI LU IA RE IR AU PB BI lli 

53 62 68 67 69 62 a4 a7 69 71 73 76 n 79 82 83 90 92” 
. ..l*.~*.*~.*..***.*..*....*.~****.*.~.~....****.*******...~.****.***...~.*****.*..*.*****.*.***.*****.*.**.***.~*****.*.**~******~ 

17.36 18.02 IS.41 19.77 20.49 21.60 22.11 22.89 23.36 23.81 24.27 24.76 26.26 26.89 26.27 26.48 28.34 28.94 
ID.76 20.60 21.90 22.26 22.98 24.16 24.84 26.79 2a.31 26.84 27.36 27.90 28.61 28.99 29.61 29.82 31.62 32.48 
2L.Sa 22.83 24.23 24.66 26.31 28.61 27.38 28.47 29.06 29.86 30.22 30.81 31.61 32.04 32.69 32.89 36.03 36.71 
24.08 26.04 2a.46 zb.76 27.63 28.9a 29.80 31.01 31.63 32.30 32.92 33.66 34.34 34.91 35.60 36.79 30.07 39.78 
26.12 27.18 28.69 28.89 29.67 31.22 32.13 33.46 34.12 34.84 36.62 36.18 37.06 37.68 39.38 3a.67 40.98 41.72 

E 
32 
416 

6.0 
9.0 

10.0 

:::: 

16.0 

S?: 

53 

ii?“0 

28 
60.0 

%8 

28 
100.0 

160.0 

E.8 
33o:o 
360.0 

%E 
M)o:o 

26.12 29.27 Jo.68 30.97 31.76 33.42 34.39 36.82 36.64 37.32 38.03 38.73 3D.69 40.33 
30.08 

41.08 43.79 44.67 
31.33 32.74 33.61 36.58 

41.26 
33.02 36.61 38.16 3D.90 39.73 40.49 41.23 

32.02 
42.26 42.93 43.72 

33.36 34.77 
43.89 46.66 47.36 

36.04 36.64 37.70 38.80 40.43 41.22 42.11 42.90 43.67 44.78 46.48 
33.94 

4a.47 
36.36 3a.79 37.04 37.64 

4a.30 49.26 60.09 
3S.81 40.96 42.69 43.61 44.46 46.29 46.09 47.16 48.00 

36.86 37.36 38.79 
48.66 49.02 61.92 

39.03 39.83 41.90 43.11 44.93 
62.79 

46.79 46.77 47.66 48.48 49.72 60.48 61.38 61.63 64.66 66.48 

39.68 41.34 42.78 42.99 43.80 46.06 47.38 49.38 60.30 61.37 62.32 63.22 64.68 66.41 
43.46 

66.37 
46.32 40.76 47.76 

68.62 69.78 DO.76 
46.94 60.20 61.63 63.60 64.78 66.94 66.97 67.92 

47.28 
69.41 60.29 

49.31 60.76 
61.32 81.46 64.98 

60.91 61.72 64.36 66.89 68.22 
86.99 

69.26 aO.61 61.61 62.81 84.22 
61.13 

66.16 66.39 
63.32 54.77 66.71 

Bb.26 70.12 
64.91 68.62 (K1.17 62.06 63.74 

71.11 
66.08 0.26 67.31 69.03 70.03 

66.01 67.37 
71.20 71.32 

68.82 68.93 69.72 64.47 67.11 
76.29 76.44 

62.72 88.26 69.68 70.91 72.03 73.87 74.91 76.16 76.26 80.48 81.69 

aa. aS.76 71.22 71.24 72.00 76.63 77.69 80.69 81.97 83.86 86.10 88.37 87.69 88.63 89.74 St.34 92.83 91.20 92.71 93.37 97.80 100.38 104.20 106.72 107.80 91.28 Da.21 97.61 109.69 
109.68 111.12 113.82 116.26 114.24 116.73 116.47 116.99 121.34 117.12 117.16 123.32 124.46 128.98 130.71 126.02 
132.87 133.21 136.36 139.97 137.13 140.36 142.02 138.48 144.30 139.63 139.90 146.18 166.08 167.02 144.28 161.73 149.84 
167.42 169.93 

163.74 
162.42 164.46 168.21 170.09 164.03 166.61 164.90 166.07 172.32 176.63 172.82 182.60 172.76 181.63 184.64 187.98 183.86 190.82 

193.11 197.40 199.48 202.70 202.66 212.72 216.38 

163.2 190.9 192.3 191.6 191.6 199.7 204.6 211.2 213.6 217.3 220.6 210.2 220.4 223.1 227.9 230.2 219.0 219.4 219.I 228.4 233.9 233.8 241.2 243.7 247.9 233.7 246.3 248.3 
239.6 261.6 248.3 249.7 264.3 269.7 248.5 247.9 2~32.2 268.3 284.3 272.4 266.6 284.2 279.3 

276.2 279.8 
282.6 

283.8 2a7.8 266.9 292.8 278.6 260.2 296.6 278.7 277.9 300.3 289.3 296.9 304.9 299.9 307.8 
312.9 317.3 

314.6 318.2 
298.3 320.6 310.6 311.8 327.2 330.0 310.2 309.0 321.6 328.8 338.6 336.4 334.9 347.1 361.1 

341.6 362.0 366.6 
366.2 

3a2.7 3a6.7 371.7 371.2 389.0 393.4 

329.9 343.3 344.6 342.7 341.2 354.9 362.8 373.2 376.6 332.6 387.8 3a2.a 377.3 376.6 370.3 374.6 391.7 399.4 402.6 389.4 397.9 108.1 409.2 408.8 412.7 428.1 432.9 
431.0 

419.1 
424.6 449.4 429.0 437.3 440.7 448.4 446.8 444.2 461.6 471.4 447.9 484.2 447.2 488.2 

496.6 
468.4 

602.2 
473.8 

603.6 606.9 623.7 624.6 621.3 617.9 637.8 616.6 620.2 649.1 b63.6 628.8 627.9 668.0 
679.8 

676.3 
683.8 

662.6 668.6 
802.9 589.2 600.1 604.0 a03.6 699.8 696.4 614.1 618.0 630.8 647.0 613.0 

661.6 601.1 676.6 
641.4 

669.6 
a48.2 

a97.8 692.1 703.6 702.3 734.8 742.3 

1016. 1066. :02 1047. :8z 1074. 1096. 1120. 1127. 1142. 1629. 1689. 1676. 1207. 1262. 

y9: gt. x74. 
3661: 

2866. mo: 
;WX. . 

y;.: 

1612. 1642. 1677. 1686. 1707. :::f. 

2222. 22ao. aa3a- 

:z~ 
1800. 

zz. 231a. 2344. 2372: 2474: 2468. 1866. 26400. 

cm: 

3426. 3569. 3602: ii% . 3661. 3732: %::: 
303s. 
3786. iE. . ;;m: yg. . Ez: 

ii::: 
4187. 

4149. 4301, 4371. 4431. 4616. 
x”: 

4623. Qb38. 
ET: 43;;. 6964: z;. 6926: 4lu. 6644: 

4676. 4a68. 
6171. WO6. 082. 6239. 

4718. 4746. 
4823. 5696. 

4809. 
6337. 4900. 

6029. 
6346. 6407. MSG. 6602. 6671. 6aO6. 

8194. 
6870. 6933. 

6201. 6272. 8368. 8382. 6469. 6600. BbO6. 6686. 6767:. . 6876. 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

KAIGE I1 IJIITS OF 1Io/.Slj aC 
264 

es Ions 
99 

K/A BE 
a” 12 

PC AL SI CA T I  CK FE II al GE SE sn Ia II0 rtK 
4 13 14 10 22 24 26 28 29 32 34 38 40 42 46 4:G 

..*......**.*L..........**...*.**.*...**.*...*~~*.*.**.******....*.****...*..***..***..*.****..****~****.**.*.**....***~.*.*.**.~*** 

::: 
0.780 6.480 9.121 9.100 8.940 10.636 11.480 12.047 12.480 12.920 13.210 14.1aG 14.640 16.229 16.460 16.691 16.166 16.670 
7.367 7.286 10.111 10.144 9.976 11.616 12.867 13.498 X3.906 14.471 14.866 16.936 16.616 17.176 17.426 17.747 16.446 16.764 

42 
7.94s 6.083 11.072 11.166 10.979 12.949 14.173 14.862 15.397 16.841 16.437 17.613 18.283 19.007 IS.282 lS.S76 20.672 20.667 

4:6 
9.633 8.841 12.017 12.160 ll.Sa3 14.066 15.464 16.226 la.783 17.360 17.962 19.229 19.982 20.766 21.W3 21.623 22.692 22.838 
9.123 9.686 12.966 13.136 12.937 16.I44 16.712 17.642 10.140 18.746 19.430 10.804 21.836 22.474 22.793 23.316 24.639 24.767 

6.0 9.721 10.321 13.892 14.116 X3.908 16.224 17.967 16.843 19.479 20.112 20.886 22.362 23.269 24.160 24.489 26.071 28.436 26.633 
6.6 IO.329 11.066 14.830 16.102 14.876 17.300 19.196 2G.136 20.808 21.4a4 22.326 23.883 24.882 26.8W 28.162 26.801 28.206 28.480 
6.0 10.947 11.790 16.772 16.089 16.861 18.370 20.432 21.423 22.131 22.809 23.766 26.403 X.463 27.443 27.819 28.613 33.128 30.306 
6.6 II.677 12.628 18.720 17.083 16.829 IS.464 2l.689 22.710 23.462 24.161 26.166 28.918 28.036 29.073 20.466 30.214 31.943 32.117 
7.0 12.2lS 13.271 17.676 18.083 17.813 20.636 22.9’29 24.000 24.776 26.492 28.612 28.430 29.616 30.698 31.106 31.908 33.744 33.920 

E 
13.64 14.76 la.81 20.11 19.61 22.72 26.41 28.69 27.43 28.16 29.47 31.46 32.78 33.96 34.39 36.29 37.33 37.61 

1o:o 
IQ.91 16.32 21.69 22.17 21.93 24.93 27.93 29.21 30.11 30.89 32.36 34.61 36.96 37.21 37.68 38.68 40.90 4I.ii 

11.0 
16.34 17.89 23.61 24.28 23.80 27.18 30.60 31.87 32.83 33.63 35.26 37.68 39.16 40.49 40.99 42.09 44.48 44.72 

12.0 
17.82 19.51 26.67 26.43 28.01 2S.47 33.10 34.60 36.68 36.41 39.21 40.69 42.39 43.81 44.33 46.62 49.07 48.36 
19.36 21.17 27.77 26.93 Xi.18 31.80 36.76 37.30 38.37 39.22 41.20 43.86 46.67 47.16 47.71 48.99 61.70 62.03 

16.0 

2: 

24.24 2a.39 34.37 35.60 34.89 39.04 43.97 46.78 47.01 47.92 60.42 63.67 66.77 67.48 68.10 69.66 62.77 83.28 
33.41 36.9a 4a.28 47.90 47.00 62.00 68.63 60.87 62.36 63.32 -6.76 70.73 73.67 76.62 76.34 78.34 62.07 82.98 

28 

43.79 46.60 68.31 al.46 aOo.22 86.06 74.49 Tl.16 78.90 7S.88 84.28 89.14 S2.83 96.01 96.82 99.24 102.62 103.87 
66.31 69.26 73.43 76.11 74.61 81.18 91.63 94.62 96.60 97.69 103.03 108.79 112.D6 116.64 116.63 119.38 124.17 126.03 
67.94 TO.@2 88.W St.84 89.83 97.33 109.70 113.23 116.46 116.41 122.94 129.66 134.62 137.49 136.44 141.73 146.99 149.42 

40.0 
46.0 

81.63 84.64 104.76 108.60 106.14 114.49 128.97 132.94 136.40 136.32 143.99 161.88 167.26 160.63 161.64 166.26 170.99 174.02 
96.34 S9.09 1ll.W 126.36 123.42 132.61 149.30 163.72 166.41 167.26 166.16 174.66 181.20 184.72 186.78 189.94 196.12 199.76 

60.0 112.06 114.63 139.97 145.08 141.62 161.67 170.67 176.66 178.47 179.26 189.38 199.13 206.27 210.04 211.14 216.73 222.36 226.69 
66.0 128.72 130.86 168.96 184.74 160.73 171.64 193.03 196.38 201.63 202.23 213.66 224.49 232.43 130.46 237.69 242.62 249.70 264.71 
60.0 146.32 148.02 178.83 186.30 180.72 192.49 216.38 222.20 226.68 226.17 238.94 260.89 259.67 263.93 266.10 270.67 278.09 283.81 

66.0 184.8 16fJ.O 199.6 2Oa.6 201.6 214.2 240.7 247.0 260.6 261.1 266.2 278.3 286.0 292.6 293.6 299.6 307.6 314.0 
70.0 

GE 

184.2 184.6 221.1 229.1 223.2 236.6 266.9 272.7 276.6 276.9 292.6 300.7 317.3 322.0 323.2 329.6 338.0 346.2 
226.6 224.8 266.7 27a.2 168.0 284.3 319.0 326.8 331.1 331.1 349.7 366.6 378.9 384.0 386.2 392.6 401.8 410.6 

100: 0 
270.3 267.7 316.4 328.6 317.9 336.0 376.8 384.6 389.2 388.8 410.6 430.0 444.3 449.8 461.0 469.2 469.6 479.8 
318.2 313.6 367.2 380.0 J69.8 3tM.7 436.6 446.6 460.6 449.6 476.0 497.0 613.4 619.3 620.6 629.6 640.8 662.7 

160.0 
200.0 

601.7 682.6 687.3 689.8 670.6 898.9 781.1 796.8 804.0 800.3 844.6 881.8 DOS.7 917.1 918.0 931.9 948.4 988.6 
960.8 SOS.3 1028.2 lGa2.6 1032.7 107O.a 1194.8 1217.1 1226.6 1217.6 1284.8 1330.0 1373.6 1390.1 1390.0 1409.2 1423.9 14aO.a 

260.0 1364.9 1283.0 1438.7 Il(M.6 1447.6 1492.2 1664.1 1698.2 1702.4 1689.1 1782.3 1836.7 1696.9 1924.8 1922.8 1961.1 1968.8 2014.9 
300.0 1804.4 16W.S 1891.7 1964.4 1906.0 1966.6 2180.6 2233.2 2216.7 2207.2 2328.8 2391.3 2471.6 2611.3 2607.0 2646.3 2646.1 1621.8 
360.0 2293.4 2146.9 2381.8 240.8 2399,7 2468.1 2738.2 2812.8 2792.2 2786.0 2917.9 2990.4 3090.9 3142.9 3136.9 3184.8 3178.2 3274.8 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

*’ 4= 6’ 12)a 13” 14” 20a 22R. 2qa 26m 28” 2Sa 32” 34= 3&t= 40m 4Zm 4bRB 4T” **,....*+*.*.****.*...*.*.*..~*~~**.**..***.*..*..*.~.*.***.*..*~.***.**~*...*..***..*~*~**..~.*~.******~*****..*..***..*..~~..*~**. 
216.3 146.0 120.3 113.4 120.3 106.0 62.9 62.0 
21S.7 168.i 131.4 124.7 126.7 110.7 i?:: ::: %-X . x z-i 
220.2 166.8 134.4 In.7 128.3 114.4 

EX 
47:s 

218.7 170.6 130.0 123.4 130.8 114.7 Iti%! Ef c*x E!: 

$:i 

214.2 173.1 134.7 13O.i 131.7 118.1 102.3 9714 9413 9310 E:i 7417 X 

2: 

:*z 
7:o 

16.0 

it: 

2: 

213.1 174.3 134.7 130.3 132.0 118.8 103.1 74.3 74.0 
203.6 X74.$ 138.3 I30.0 131.9 113.0 103.6 

EX iii*: 
. 

ES E:f 3.: x 
. z:i E-t 

t:t 
206.8 174.1 136.4 113.4 131.4 113.0 103.4 . 
202.1 173.1 134.7 118.4 130.7 118.4 103.6 

ii?: zt: EC: ~~X ic2 it*: 

IO8.3 I71.8 133.4 127.7 123.8 118.1 103.1 Se:2 94:8 $616 8918 8417 e1:1 E:i Tz 

131.0 148.4 131.2 126.6 127.7 114.7 101.1 
164.0 144.3 118.4 113.1 126.4 116.0 100.8 

it?: E:: ii:! 2: ;:*; 2.: 
. 

177.4 141.0 126.9 120.0 121.9 113.2 7136 171.3 167.1 123.3 118.1 120.6 111.2 E*? 
SO:1 

1*: 
93:l 

d-Z 
Or:2 

2*; 
So:4 

71.1 z?i 
1136.6 163.3 120.7 116.7 118.1 109.3 70.6 49:s 

160.8 142.6 113.4 81.7 77.4 131.8 127.4 103.1 IO;.; . iii:3 

2:: 

3.: 
so:0 

%x 
260: 0 
300.0 
360.0 

2% 
600:0 

90.88 31.69 77.38 74.46 74.72 73.03 96.06 43.41 42.88 63.03 69.81 64.98 66.17 64.63 64.40 63.42 62.42 61.13 
81.83 89.04 73.22 70.87 72.06 99.32 61.80 40.48 63.82 60.01 66.77 64.30 62.69 62.03 61.94 61.04 60.14 48.91 
73.73 81.24 49.68 37.13 49.11 38.03 68.96 67.72 67.13 67.34 64.26 61.93 60.31 43.82 49.74 48.31 48.10 48.31 
76.39 n.10 66.39 $4.13 $6.37 $3.17 66.41 66.27 64.73 64.99 62.02 49.81 48.27 47.83 47.78 47.01 48.24 46.12 
71.66 73.44 63.66 41.40 63.19 $0.63 64.14 63.07 62.68 62.82 60.01 47.90 48.44 44.04 MI.00 46.28 44.63 43.61 

48.14 70.19 41.00 68.97 40.69 68.28 62.10 61.10 60.44 60.90 48.20 44.18 44.78 44.42 44.40 43.72 43.07 42.03 
36.16 37.29 68.71 69.77 68.44 64.18 60.26 43.30 48.88 49.16 44.66 44.41 43.26 42.96 42.93 42.23 41.48 40.49 
90.04 42.32 64.74 62.96 64.63 62.63 47.03 40.17 46.80 46.08 43.64 41.87 40.42 40.36 40.36 39.78 39.23 38.32 
66.83 68.19 61.41 43.76 61.24 43.46 44.30 43.62 43.20 43.49 41.21 33.64 38.34 38.16 38.16 37.$4 37.13 36.29 
62.31 64.72 48.67 47.02 48.44 46.81 41.37 41.24 40.94 41.26 3.9.10 37.63 39.42 39.24 36.26 36.78 36.31 34.64 

40.71 43.11 34.88 37.48 38.83 37.71 33.83 33.36 33.18 33.49 31.74 30.63 29.66 29.66 29.69 29.28 28.49 28.36 
34.16 36.81 33.42 32.34 33.13 32.48 29.17 28.82 28.68 28.99 27.48 27.03 24.12 26.64 26.83 26.27 26.61 24.60 
30.24 32.78 29.90 28.96 29.40 29.14 23.19 26.41 26.73 23.08 24.73 24.32 23.61 23.02 23.11 22.71 23.02 22.23 
27.64 29.86 27.40 2$.63 27.13 29.76 24.06 23.14 23.71 23.99 22.76 22.39 21.64 21.21 21.30 20.94 21.22 20.61 
26.63 27.84 26.62 24.71 26.29 24.36 22.46 21.42 22.14 22.42 11.27 20.91 20.22 13.84 ID.93 IS.60 19.84 13.21 

23.99 24.22 24.07 23.31 23.04 23.64 21.20 20.44 20.92 21.19 20.11 19.78 19.12 18.77 18.84 18.66 18.80 14.19 
22..78 24.93 22.91 22.19 22.72 22.46 20.21 19.60 19.36 20.21 IS.18 18.86 18.24 17.92 18.00 17.72 17.96 17.37 
21.79 23.89 21.97 21.27 21.80 21.64 13.40 18.74 19.14 19.42 19.43 18.10 17.62 17.22 17.30 17.03 17.26 19.70 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

262 
=ECTROlIC SIOPPIlG PGUKR 19 UlITS OF I'IEV/tHG/SQ QI) Pn IOBS 

100 

. . . . ..~....*.....*....*.**.......~*.**.**..*..*..*......*******.........**~*..*.*****..**..**....*.*.****.....*.*..~*~**~.***..*~*** 
wA 60sI 62= 613~ 67” 6SpR 82’” Mm $76’ 4gm 71w 73’* 76RB 7TTIR 79’” ~32~ 43B1 Born 92” *..**...*1U..*..*.*.***.**....***~.**..*.**..***..**.**.~*.********.*.*..**..**.*...**.*....**..*.*.~..****.*.*...*.*.*****.**~**** 
i:: 

61.44 48.99 48.96 49.27 48.77 46.92 44.47 41.94 41.02 39.93 J9.16 38.49 37.09 34.61 J6.21 38.30 34.80 34.41 
66.92 63.29 63.22 63.67 63.12 60.16 48.01 4.01 46.07 43.92 43.09 42.40 40.94 40.41 33.94 40.04 38.34 37.89 

2: 
69.18 66.43 66.36 66.71 66.33 63.17 61.48 49.06 48.12 44.H 44.08 46.37 43.88 43.30 42.78 42.89 41.02 40.64 

4:6 
41.68 68.76 68.47 69.04 68.71 66.02 63.99 61.37 60.44 49.24 48.34 47.84 48.14 46.63 44.97 46.07 43.08 42.68 
93.36 $0.49 40.39 90.77 60.49 67.38 66.74 63.14 62.22 61.02 60.12 49.39 47.69 47.26 49.07 44.77 44.49 44.14 

56:: 
$4.47 41.77 61.47 ‘32.Ot3 41.82 68.71 67.07 64.49 63.69 62.39 61.48 60.76 49.26 48.02 46.00 44.10 46.94 46.39 
46.63 62.71 42.61 43.00 62.81 69.71 68.07 66.62 64.86 63.44 62.63 61.81 60.33 49.68 49.04 49.14 46.01 43.36 
WJ.32 $3.40 $3.29 43.49 83.64 $0.46 68.81 W.31 66.46 64.26 63.36 62.$3 61.14 60.61 49.86 49.94 47.97 47.11 
dd.40 $3.87 $3.77 $4.17 44.04 41.00 63.34 64.SG 64.04 64.87 63.97 63.24 61.80 61.16 60.47 60.67 48.24 47.49 
47.11 64.13 04.08 $4.43 $4.41 01.38 69.76 67.33 64.61 66.34 64.43 63.73 62.29 61.84 60.96 61.06 48.71 48.14 

8.8 
97.36 $4.47 94.30 $4.77 $4.76 61.79 40.18 67.84 67.06 66.91 66.02 64.33 62.33 62.23 61.67 61.47 49.30 48.72 

to:0 
$7.27 64.40 $4.30 $4.71 84.76 $1.84 $0.27 68.00 67.24 68.14 66.24 64.69 63.13 62.90 61.87 61.97 43.68 49.00 
66.94 44.11 04.02 94.43 44.61 41.67 SO.12 67.94 67.23 69.13 66.27 64.42 63.23 62.89 61.94 62.03 49.44 49.M 

:::: 
$6.47 433.08 a.69 64.00 44.11 61.34 63.83 67.71 67.04 66.37 66.12 64.48 63.19 62.$0 61.86 61.94 43.66 48.98 
46.89 $3.I4 43.00 63.47 83.42 40.90 69.42 67.37 W.73 66.48 64.86 64.23 62.38 62.41 61.44 61.74 49.36 43.40 

16.0 93.84 91.22 41.14 41.60 41.79 69.24 67.86 66.98 66.41 64.44 63.66 63.08 61.92 61.40 60.43 60.73 48.41 47.88 
20.0 $0.20 67.78 67.76 68.14 68.44 69.14 64.88 63.24 62.74 61.89 61.18 60.47 49.43 43.19 48.43 48.62 49.32 46.42 
26.0 64.41 64.64 64.64 64.93 66.27 63.10 62.00 60.66 60.13 49.34 4B.69 48.23 47.13 44.91 4.17 49.26 44.18 43.71 

%:E 
63.79 61.08 61.83 62.06 62.42 60.44 49.40 a.04 47.71 46.99 46.30 46.86 46.10 44.77 44.06 44.14 42.18 41.74 
6l:ll 49.13 49.14 49.60 43.89 44.04 47.0$ 46.8$ 46.62 44.84 44.23 43.90 43.10 42.02 42.13 41.21 40.36 39.34 

EC8 
48.76 4$.87 46.31 47.24 47.94 46.31 44.98 43.87 43.67 42.36 42.41 42.06 41.31 41.06 40.38 40.47 38.70 39.31 
48.44 44.84 44.90 46.22 46.63 44.00 43.12 41.08 41.80 41.23 40.72 40.38 33.08 39.44 38.81 38.89 37.20 3.83 

E-8 
44.74 43.06 43.lt 43.42 43.83 42.28 41.46 40.47 400.22 39.47 38.19 39.87 38.21 36.01 37.38 37.47 36.46 36.49 

40:o 
43.04 41.43 41.49 41.79 42.20 40.72 39.S3 33.01 38.78 38.14 37.80 37.60 38.88 39.89 39.09 34.17 34.41 34.28 
41.63 3B.94 a.03 40.32 40.73 39.31 38.64 37.49 37.47 36.98 311.64 3iT.26 36.64 36.49 34.90 34.98 33.49 33.17 

46.0 40.13 38.42 X6.49 33.98 39.38 39.02 37.30 36.48 38.27 36.01 36.38 36.11 34.64 34.39 33.82 33.90 32.46 32.16 
70.0 38.86 37.40 37.47 37.76 38.16 M.86 a.16 36.37 36.17 34.73 34.32 34.04 33.62 33.38 32.42 32.80 31.60 31.21 

2: 
34.41 36.24 36.32 36.69 36.38 34.74 34.12 33.40 33.23 32.82 32.44 32.20 31.70 31.67 31.06 31.12 29.01 2$.64 

100: 0 
34.48 33.3s 33.47 33.72 34.11 32.97 32.37 31.71 31.66 31.17 30.81 30.63 Jo.12 30.01 29.62 29.69 28.36 28.09 
33.01 31.78 31.87 32.11 32.49 31.41 x).86 Jo.23 30.09 29.73 29.40 29.13 28.76 28.46 '26.14 28.26 27.07 16.43 

160.0 27.11 24.11 2$.19 2.3.40 28.76 26.89 26.44 24.99 24.88 24.61 24.34 24.18 23.84 23.77 23.39 23.46 22.49 22.23 

E%: 
23.64 22.72 22.70 22.88 23.20 22.49 22.10 21.73 21.46 21.43 21.20 21.07 20.79 20.72 10.39 20.46 20.17 19.61 
21.27 20.63 20.29 W.44 20.79 W.14 IS.96 19.40 19.40 19.38 19.09 19.06 18.83 18.49 18.39 18.46 18.30 17.72 

E82 
19.33 18.36 18.74 18.80 19.07 14.63 18.44 14.12 18.13 17.92 17.06 17.42 17.43 17.30 17.02 17.08 I$.36 it.:; 
18.39 17.76 17.64 17.82 i7.88 17.47 17.29 14.99 t7.00 10.82 19.67 14.64 14.36 lb.24 16.39 14.04 16.91 . 

%-8 
17.42 14.82 16.44 14.49 16.94 14.66 14.39 14.11 14.13 16.96 16.72 16.49 16.62 16.42 16.17 16.22 16.10 14.64 

6oo:o 
10.44 18.07 16.90 16.36 14.19 16.83 16.47 16.41 16.42 16.26 16.04 X6.00 14.86 14.76 14.62 14.68 14.44 if.;; 
14.00 16.46 16.30 16.36 16.68 16.23 16.07 14.83 14.84 14.68 14.48 14.46 14.30 14.20 13.98 14.03 13.9I . 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

262 
RAlGE 18 USITS OF FlG/SQ Ql Fll 101s 

100 

WA ea 
cc 12 

110 AL 91 CA TI ca FE 6I W OK !a sn ?.a 
4 13 14 w 

no 
22 24 20 20 29 

aB 
32 34 38 40 42 46 4:G .*++*++**..*+*.*.C.L***...*..*...*..*..*******~**..**.*.*.***..****.**.*.*..~...~*....********....**.***..****~....*.*.....**.*..*.* 

3:: 6.670 7.248 9.380 7.188 9.963 9.969 8.980 S.990 8.900 9.823 11.831 10.484 Il.300 12.880 11.893 13.2W 12.270 13.767 12.720 14.262 l3.010 14.848 13.940 lb.bS4 14.410 18.283 14.992 16.210 16.447 16,902 18.310 

7.820 7.994 10.998 10.987 100.811 12.749 13.969 
18.918 

14.882 16.170 16.703 
17.182 17.479 18.186 18.4SS 

186.197 17.360 18.008 
8.3S4 8.713 11.837 11.967 11.781 

18.724 18.998 20.646 
13.839 16.221 16.989 18.637 17.102 17.891 

19.383 20.286 
18.944 19.984 

lT.284 
20.468 20.763 

8.973 S.446 12.761 12.937 12.740 14.912 17.874 
21.207 22.269 22.601 

18.481 18.469 19.148 20.497 21.314 22.144 22.468 22.974 24.179 24.394 

i:: 10.169 9.680 10.170 10.392 13.883 14.906 13 14:872 906 13.896 14.860 16.976 17.036 17.887 18.SOT 18.688 19.838 19 W:602 194 19 21’148 814 20.682 22 022 
22.OGG 23’630 

22 914 

8.0 10.793 
24’493 

23 796 
26’424 

24 131 
26’778 

24 704 
26’408 

28 048 
27’880 

26.243 
28 082 

11.816 16.632 16.844 16.807 18.093 10.123 21.106 21.804 22:4?0 23.410 26:027 28:069 271038 271410 
8.6 11.361 12.340 

28:OS4 29:888 29:880 
18.484 18.820 18.689 19.164 21.340 22.372 23.104 23.760 24.816 29.617 ‘27.818 

7.0 13.071 17.403 
28.843 19.032 2S.789 a.472 

12.010 17.803 17.638 W.218 22.680 23.840 
31.843 

24.406 26.109 28.218 28.006 19.172 30.242 30.647 31.439 33.246 33.418 

1o:o 8.8 
13.31 14.66 19.31 19.79 19.49 22.38 26.01 28.19 27.02 27.76 29.03 30.98 32.28 33.44 33.87 34.76 38.77 
14.86 18.04 18.08 17.81 21.26 23.23 21.82 23.89 

38.96 
21.49 23.61 24.64 28.76 27.60 30.02 28.76 31.37 29.86 32.32 30.42 33.11 31.88 34.72 33.99 37.00 36.40 38.66 38.~54 38.87 37.11 40.38 LB.09 40.28 40.49 

11.0 17.49 lS.10 26.26 28.00 26.69 
41.44 43.80 

28.89 32.67 34.02 
44.04 

36.02 36.84 37.82 4O.W 
12.0 18.99 W.82 27.32 

41.73 43.13 43.86 
28.18 27.70 

44.82 
31.28 36.17 38.70 37.78 43.16 

47.33 47.81 
39.60 40.66 44.96 46.42 48.97 48.23 60.89 61.22 

16.0 23.78 26.94 33.78 34.9G 34.29 58.38 43.24 46.03 48.24 47.13 49.80 62.69 64.88 
32.t4 42.87 

66.66 67.16 68.69 
28 36.30 46.70 46.46 68.21 47.04 80.31 48.18 69.11 

61.76 62.27 
84.86 61.08 73.16 67.61 76.77 69.82 61.29 77.49 62.23 78.48 86.61 82.79 89.63 87.67 72.31 60.99 74.34 76.06 77.02 80.69 81.67 

28 (Jo.48 64.13 89.47 67.10 88.88 72.03 73.09 88.08 
93.34 94.14 S8.62 

74.86 SO.04 96.48 79.86 
100.74 

107.80 89.82 111.08 92.87 113.27 94.82 96.79 
102.08 

101.14 106.81 110.90 113.64 114.42 Hr.23 121.93 123.76 
114.22 120.83 127.22 132.00 134.93 136.87 139.10 144.28 148.66 

2':: 80.64 94.17 82.77 80.97 102.87 119.41 109.43 123.79 104.03 120.91 112.24 129.S8 126.46 149.33 130.38 160.88 132.78 133.69 141.22 148.77 164.27 167.47 168.47 162.13 167.76 
163.33 

170.73 
164.19 60.0 137.07 182.89 171.44 177.67 108.49 112.06 142.08 138.70 148.69 172.02 181.14 182.19 188.26 187.22 174.89 192.34 176.88 186.80 196.93 

66.0 126.74 127.98 167.37 
196.17 

102.17 166.62 18I.28 206.89 208.98 168.10 189.07 194.33 197.43 211.49 218.01 198.13 WS.32 222.26 
60.0 2lS.W 142.91 144.73 176.03 181.37 176.89 188.47 227.76 231.71 232.84 237.78 244.73 Xl.88 217.80 220.93 221.62 234.03 249.84 

246.78 264.37 268.67 269.72 266.09 272.48 278.08 

FE 179.9 161.0 180.6 182.3 196.3 216.3 W2.3 224.1 197.2 218.4 20S.7 231.7 236.8 260.2 241.8 268.9 246.4 270.7 246.8 271.0 269.7 300.3 272.6 282.0 286.4 287.6 293.4 301.2 307.6 

too:0 it-8 

288.3 310.8 
220.2 219.8 280.8 270.1 283.1 278.1 

316.3 316.6 322.7 331.0 
312.1 319.8 324.0 

338.0 
324.0 342.3 368.7 370.8 

283.8 310.4 281.6 3W.I 
376.9 

368.8 308.4 371.4 319.2 310.8 381.4 327.8 380.0 378.0 436.6 
377.1 384.2 

426.8 387.4 380.7 440.8 
393.3 

380.4 439.9 401.7 
401.9 

420.6 434.7 440.1 441.3 449.4 469.4 489.6 
484.6 488.1 602.1 607.9 609.1 618.1 629.0 640.7 

260:0 %8 
686.8 688.3 861.4 873.4 864.8 882.6 762.8 778.2 786.3 781.7 826.0 881.3 888.7 

1319.8 928.4 1260.4 888.6 1003.1 1402.9 
SW.0 896.8 

1449.6 1038.6 1007.6 1411.6 1044.7 1466.4 
910.4 926.8 

1166.0 1823.1 1187.9 1866.4 
948.4 

1860.7 1196.1 1188.4 1264.0 1298.2 1340.8 1367.0 1368.9 1376.7 1390 1 1426.9 
300.0 1767.2 1863.3 1647.8 1738.7 1790.9 1844.0 1867.0 1860.7 1877.9 1876.0 1906.2 1907.6 2177.6 1903.7 2126.1 2171.2 

2162.4 
360.0 2233.1 1090.4 

2270.9 2332.0 
2321.1 2397.9 2338.7 

2410.3 2449.1 2446.0 2482.4 
2396.9 2741.6 

248214 1911'3 

2689.0 2721.9 

1966 2667:2 I 

2896.3 2844.6 2916.3 3313.4 3084.1 3067.4 3106.1 3096.9 3192.8 

iiS2 3282. 2743. 3060. 2667. 38;: $998'. 2862. 2918. 3868. 3247. 3342. 3308. 3276. 3464. 3636. 
~~: 

3866. 3718. 
%4s: 

3766. 3760. 3868. 
600.0 3848. 3667. 3929. 4068: 4493. z.33. 3926. 3884. 4098. 4189. 4330. 4406. ii;;. 6107: 4462. 4670. 4438. 4677. 

. 4621. 4767. 4872. 6036. 6123. 6188. 6163. 6317. 
.1..+**...***+1++...***...*..*.~...***~..**~.****.**..**.***..*....*...**.*****~**.*******~ 

t?/A SI ‘I’E BA LA PR Sn CD 80 Iii LIJ TA RE 
60 62 66 67 69 62 64 67 69 71 73 76 

**;l;+****V*+...**.***.*.***.*.~.****.***.**.**.*.***...**..********~***~****.*****~***.** 
. 17.11 17.74 19.11 19.48 20.18 21.18 21.78 22.63 22.99 23.43 23.89 24.37 

$2 
IS..46 10.20 21.67 21.91 22.63 23.78 24.46 26.39 26.91 28.44 26.96 27.48 

t:: 

21.64 22.49 23.87 24.19 24.93 28.21 28.97 28.04 28.61 29.21 29.77 30.36 
23.73 24.68 28.06 28.37 27.12 28.63 2S.38 30.66 31.17 31.82 32.44 33.08 
26.74 28.79 28.17 28.47 29.24 30.78 31.66 32.98 33.62 34.34 36.00 36.86 

..**.*.**.*****.1.**~**...**...*.~***..*. 
IB AU PB BI Ill 

77 79 82 83 a0 92" 
l ************t***tt*************~***~**** 

24.86 26.29 26.87 28.08 27.92 28160 
28.07 28.66 29.17 29.38 31.36 31.98 
31.04 31.66 32.22 32.41 34.63 36.19 
33.84 34.40 36.09 36.28 37.62 38.22 
38.62 37.11 37.83 38.02 40.39 41.12 

f:: 27.71 29.84 28.86 30.87 Jo.24 32.28 Jo.62 32.63 31.29 32.93 33.88 36.30 38.00 38.77 37.48 38.17 
33.32 36.06 38.07 

39.11 39.74 40.49 40.67 43.17 43.94 
31.66 32.87 37.69 38.33 34.17 39.16 39.90 40.62 34.62 36.31 37.16 41.64 38.23 42.30 43.09 39.84 40.82 43.26 

41.49 
46.88 48.68 

33.44 34.86 ZM.26 38.49 37.28 42.28 43.04 3S.22 44.12 44.82 40.36 42.O8 46.64 46.61 42.88 
43.80 

48.66 36.33 ~W.82 38.22 38.46 39.26 44.62 46.41 
49.38 

48.67 41.28 42.47 47.30 44.27 48.16 48.31 46.11 61.17 
48.09 48.96 47.77 

62.03 
48.99 49.76 60.63 60.79 63.77 64.66 

1o:o E 
39.07 4J.73 42.14 42.36 43.16 46.37 48.67 48.84 49.66 
42.81 48.67 44.84 UJ.68 

60.61 
U.06 49.98 48.24 47.04 

61.66 62.43 
48.46 

63.78 64.69 
60.88 62.99 

66.66 66.89 
63.96 

66.91 
66.11 66.12 67.06 

69.86 

60.14 60.93 63.63 
68.62 

66.04 67.34 
69.40 80.42 80.66 

:::: 
68.36 

84.00 

60.34 64.16 62.61 68.48 
69.60 

66.02 

63.93 67.91 64.07 b8.02 
60.68 81.67 

64.86 68.80 81.76 67.82 69.24 81.70 62.77 84.09 86.24 88.29 
83.47 

83.26 87.98 
88.07 87.20 

64.18 88.97 66.27 70.13 66.40 70.26 89.08 74.16 
88.61 8S.82 70.92 

70.16 76.30 
72.73 73.77 76.00 76.11 79.26 80.46 

16.0 96.80 88.63 70.08 70.11 70.86 
it:: 

74.33 76.36 
107.88 88.13 112.28 89.82 

79.41 80.87 
113.73 81.28 113.47 91.17 

82.33 
113.99 91.82 98.17 98.71 102 48 

119.24 128’77 
103 97 
128’47 

106 02 
130'93 

107 83.76 78 
133'03 169:66 

109 86.00 29 
134'78 

III 87.13 94 
122.31 137'96 

113 88.32 38 
139'69 

116.20 89.77 116 89.86 24 121 94.71 31 122 93.08 97 30.0 

36.0 

X%0.,48 138.00 137.47 137.06 137.41 
143.68 147.17 

164.63 161.02 

162:33 164:26 

162.48 181.88 182.06 

167:lO 

189.17 161:66 173.32 179.18 106:26 181.29 187109 

141 86 141'83 149*16 161'13 

184.66 187.36 169:TS 189.81 193.83 196.88 199.06 189'72 198:92 W8:Sl 178'36 180'64 211:61 

40.0 179.8 187.3 188.7 187.9 187.9 g.8 198.0 233.8 208.2 200.7 W7.3 209.8 243.6 214.8 244.8 219.2 216.2 214.9 224.0 229.3 238.8 239.1 

66:o 282.6 273.3 274.8 243.7 273.2 

243.2 213.3 

243.1 

216.4 246.8 218.9 249.6 

263.3 

223.7 264.8 

269.1 287.2 

226.9 267.3 

289.9 274.4 

229.6 261.4 

278.3 

281.2 229.4 274.0 240.8 

272.4 
281.3 

277.3 243.7 

283.6 
287.2 

80.0 304.3 2B0.1 298.9 
289.8 

ml.8 
294.6 294.2 

292.3 306.8 308.7 
X18.6 312.1 

303.9 302.8 311.1 314.4 
316.1 

320.8 
322.2 331.7 

323.6 
334.8 

328.8 328.4 
340.2 346.0 348.6 366.6 368.6 384.4 363.9 

344 381:3 3 348 386:7 3 

EC8 323.2 366.1 338.3 389.6 337.8 370.7 336.7 334.3 347.7 366.6 386.7 369.0 374.9 
388.8 388.8 

380.0 383.8 
381.4 389.8 

391.4 394.6 401.0 400.6 419.6 424 2 

1oo:o f22 
422.0 439.0 Ho.0 

400.8 404.3 
437.4 434.9 

410.6 
461.9 416.2 420.3 474.2 428.6 481.6 478.1 431.7 438.9 486.3 491.8 438.2 492.7 687.2 612.6 689.9 690.6 613.3 688.8 610.2 608.9 628.4 637.4 

498.4 
661.8 

606.8 
666.9 

609.4 

682.6 
664.1 

617.8 617 0 

001.7 817.2 
671.6 678.8 

469 641'2 0 484'0 647'1 

833.1 837.8 
687.4 691.3 

848.9 866.3 
c?O1.1 @a):1 

881.1 
828-O 834:s 

673.1 877.3 888.6 887.3 719:O 728.4 

160.0 WI.7 1030.6 1029.9 200.0 1022.8 1493.1 1013.1 1049.8 1660.8 1648.8 1070.2 1094.7 1101.6 1118.0 1129.6 1138.7 1167.7 1233 1 1246 1 
260.0 WIT.8 

1637.8 
2136.6 1621.0 1674.4 1803.7 207.6 2l21.8 1637.7 1848.8 

W96.6 21880.8 
1888.8 

2206.8 
1886.4 1899.1 1726.8 

1183 1733'4 4 1182 1781:s 7 1767'8 II80 1 
1821'8 1862'2 

300.0 2876.3 nn.2 2784.8 2260.6 2788.2 2731.8 2269.9 
2819.8 2883.7 

2287.2 2316.0 2330.2 
2920.4 

1029.6 

2384.6 

2984.4 3002.6 

2414.9 

360.0 3339.3 3482.9 3480.3 3469.4 3414.9 3619.1 3670.2 3019.1 3838.3 ~61.1 3848.0 3691.1 3740.0 

3O78:O 2378’1 

3128.2 

3119'6 2408’8 3196'7 2479’2 

3768.0 

3271'6 2631'6 

3808.1 3830.4 3992.9 3881:8 3984:O 4084:3 

%?8 4261. E:: x* z;. El&. 4461. 4621. 4641. 4699. 6oo:o 

6927: 6038: 6043: 

6270. 6342. 6383. 6430. z;. 2;;;. 

8112. 8198. 0219. 8296. 8334: 8437: 

g3;. 

8418: 

:;V;. 

8621: 

;I;. 

8700: 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

EtECTRDIIC 6TOPPIlQ WYLIR II WITS OF IW/ttlQ/SQ Ql) 
266 

ItD 109s 
101 

Wd BB 6c Is2 dL SI cd TI CR FE III W GE SE SR n no FGI 
4 12 13 14 20 12 24 20 18 29 32 34 3a 40 42 46 4:G 

. . ..*.*.*....+.L.....~...*.*..**.....**.*..*..***.*.......****....*.....***.****...**********.**.****..*......*~**~*****~*********~. 

3:: 
211.6 146.8 120.9 120.2 i20.9 106.6 69.7 63.3 66.3 
221.0 168.6 132.2 126.4 126.4 111.3 iii:: E-4, i;:: ES z?: :z 
222.2 We.7 136.3 128.6 129.8 116.0 
220.9 171.e 137.0 130.3 131.7 117.4 1E 

$414 

ii.: 
;;.t :.i 

7117 TOO:7 2:: 6*A3 ix 62.1 . 

218.6 174.3 137.7 131.1 132.7 118.9 103.0 . 96:6 93:s $3 78.6 . 2: K E:o” ii?:: 

6.0 216.4 176.7 137.8 131.3 133.1 ii9.7 103.9 
6.6 211.9 170.0 137.6 131.1 133.0 120.0 104.3 Ii%! E3 ES 

$9.1 76.6 69.2 

208.2 176.6 136.8 130.8 132.6 120.0 104.4 100.3 
iG:t 

i%.x 
iii:: 7g.9 z.3 

Et: . ii.: 
EQ 
81:s 

78:s FL.:: 
E:Z 70.2 

%*: 
70.9 

204.6 174.8 136.9 129.8 131.8 llD.7 104.3 10O.3 
200.7 173.6 134.9 128.9 131.0 119.2 104.0 100.1 97.0 Se:3 is:: 8614 81.8 Fz . 2.; 7e:3 

71.4 
2.; 71.8 . 

x4 
193.4 170.4 132.6 126.7 128.9 117.8 103.1 

1o:o 
186.3 164.7 129.9 124.3 128.6 116.2 101.8 E:i 

11.0 
179.8 162.9 127.3 i2i.S 124.2 114.3 lo&.; 
173.6 169.0 124.8 119.4 121.8 112.4 2z 

12.0 167.9 166.1 122.0 117.0 119.4 110.6 $712 D4:l 

16.0 163.0 144.3 114.7 110.1 

E8 
133.8 129.2 '2.; 'Or&: 2: 
119.6 117.2 . 

2: $917 . lo8 6 '"A? ii!:: iti:: 
Tie: 
as:1 

92.40 93.04 78.62 76.76 T1.04 74.08 66.98 64.62 63.77 63.92 60.46 67.78 66.94 66.29 66.16 64.17 63.16 61.84 
86.32 87.42 74.32 71.72 73.74 70.33 $2.71 61.36 W.69 $0.88 67.69 66.08 63.36 62.78 62.68 61.77 60.88 49.80 
61.16 82.68 70.66 $8.21 70.16 67.06 69.83 68.68 67.97 68.18 66.06 62.69 61.06 60.64 60.47 49.62 48.80 47.69 
76.88 78.37 bT.42 66.12 06.99 (14.13 67.27 68.10 66.66 66.78 62.80 60.66 48.99 48.64 48.49 47.70 46.94 46.79 

80.0 72.79 74.66 e4.66 62.37 64.18 61.63 64.98 63.69 63.38 63.63 60.77 48.63 47.14 48.74 48.70 46.97 46.26 44.16 

Et8 
Bs.36 71.38 61.98 69.90 61.66 69.19 62.92 61.89 61.43 61.68 48.94 48.89 46.46 46.10 46.07 44.39 43.73 42.67 
ee.30 $8.43 69.66 67.68 69.38 67.07 61.06 60.08 49.66 49.92 47.27 46.31 43.94 43.61 43.69 42.96 42.32 41.32 

2x 
61.10 63.39 66.64 63.82 66.42 63.38 47.7s 48.91 46.64 4e.82 44.36 42.64 41.26 40.99 40.99 40.41 39.86 38.92 

mo:o 
6e.84 69.21 62.27 60.68 62.09 60.26 46.03 44.23 43.90 44.19 41.88 40.18 38.98 38.76 38.77 38.26 37.73 38.88 
63.26 66.68 49.39 47.81 49.26 47.69 42.66 41.92 41.83 42.93 39.74 38.16 37.02 39.83 36.86 38.37 36.89 36.10 

:z 
41.47 43.90 39.67 38.36 39.61 38.36 .!4.48 33.94 33.76 34.07 32.31 31.06 30.16 30.07 30.10 29.77 29.36 28.84 

260:0 
34.80 3?.49 34.03 32.93 33.73 33.07 29.69 29.13 29.20 29.62 27.97 27.61 26.68 26.00 26.08 26.72 26.97 26.04 
30.84 33.40 30.46 29.48 30.14 29.68 lb.67 26.88 20.26 28.66 26.18 24.77 23.94 23.44 23.63 23.13 23.44 22.63 

EX 
28.07 30.61 lT.Sl 27.03 27.64 27.26 24.60 23.67 24.16 24.44 23.18 22.79 22.04 21.80 21.69 21.33 21.62 20.89 
zb.03 28.37 26.01 26.18 26.77 26.43 22.87 22.03 22.66 22.84 21.67 21.30 20.61 20.21 20.30 19.97 20.23 19.67 

24.48 2tl.72 24.63 23.76 24.32 24.01 21.61 20.83 21.32 21.80 20.49 20.14 ;;A&$ 19.13 19.22 18.91 19.16 16.63 
23,22 26.42 23.36 22.81 23.16 22.88 20.69 19.88 20.33 20.00 19.66 19.21 18.26 18.36 18.06 18.29 17.70 
22.22 24.36 22.40 21.69 22.22 21.98 19.77 19.10 19.63 19.79 18.78 18.46 17:86 17.66 17.64 17.36 17.69 17.02 

..***1**+~11.*+*...***~*.*........*******..*~*.~...~*.***.*****...~.*.*.**.**~~*.*.*..*.*******...***~********~.*****...**.~...**.*. 
Efd 

6091 62 
TE 9d Ld Pa sn GO Ii0 l?l LO Td RE IR dU Pa 81 TX 

60 67 69 62 64 67 69 71 73 76 n 79 82 83 so $2" 
. . . ..*....rJ....+.*...*....*..*****.*~*.***~**...*..*.*....*............***...*.***.***.*~*****.*..*...*******.*.*...*..**..*......* 

Z:E 
61.60 49.12 49.06 4S.40 48.90 4e.04 44.68 42.06 41.12 40.03 39.24 38.69 37.16 38.70 38.30 38.39 34.89 34.60 

3.: 

68.:14 63.49 63.43 63.77 63.32 60.33 48.79 46.18 46.24 44.09 43.26 42.66 41.09 40.66 40.09 40.16 38.48 g.;; 
69.46 68.70 66.62 68.98 66.69 63.62 61.92 49.29 48.34 47.16 48.29 46.67 44.08 43.49 42.98 43.06 41.21 

4:6 
61.91 69.08 68.99 69.36 69.02 66.91 64.28 61.64 60.71 49.60 48.61 47.89 48.30 46.77 46.21 46.31 43.31 42:80 
85.74 80.86 SO.76 61.13 60.86 67.72 M1.07 63.46 62.63 61.31 60.41 49.88 48.17 47.64 46.96 47.04 44.96 44.42 

;:: 
e6.09 62.17 62.07 62.46 62.22 69.09 67.43 64.63 63.93 62.72 61.80 61.08 49.67 46.92 48.30 48.40 46.23 46.66 
86.09 $3.16 e3.04 e3.44 $3.24 80.12 68.46 66.90 66.02 63.80 62.89 62.16 60.67 60.01 49.37 49.47 47.23 40.67 
Se.81 e3.86 93.76 64.16 84.00 60.09 69.24 66.71 66.86 64.84 63.73 63.00 61.62 60.88 60.20 60.30 48.01 47.44 
67.31 84.36 $4.26 $4.08 64.64 01.48 69.81 67.32 68.48 66.28 64.37 63.66 62.19 61.63 60.86 60.96 48.62 48.06 
87.66 64.70 $4.69 66.00 $4.92 61.86 $0.22 67.78 66.96 66.77 64.86 64.16 62.70 62.04 61.36 61.44 49.09 48.61 

84 
67.94 06.01 84.90 66.32 66.30 62.30 80.88 68.32 67.64 6e.37 66.47 64.78 63.37 62.72 62.00 62.10 49.70 49.12 

1o:o 
67.87 $4.98 b4.87 66.29 OS.32 62.39 W.80 68.61 67.77 68.63 66.74 66.07 63.69 63.08 62.32 62.42 60.01 49.42 
67.67 64.71 84.61 66.03 86.10 62.23 eO.68 68.47 67.70 W.66 66.78 66.12 63.76 63.16 62.41 62.61 60.09 49.61 

11.0 67.11 64.29 Sr.20 84.61 BQ.73 61.92 db.40 68.26 67.68 66.60 66.64 66.00 63.70 63.10 62.34 62.43 60.02 49.44 
12.0 $8.66 $3.77 83.68 64.10 64.26 61.60 60.01 67.94 67.28 6e.23 66.39 64.76 63.60 62.92 62.16 62.24 49.84 49.27 

16.0 84.62 61.88 61.81 62.22 62.46 69.87 68.47 M1.68 68.00 66.02 64.22 63.64 62.47 61.94 61.16 61.26 48.91 48.38 

%:8 
80.91 68.46 68.43 68.82 69.12 66.79 66.61 63.88 63.37 62.49 61.77 61.26 60.20 49.76 48.98 49.08 4e.86 48.34 
67.62 66.24 66.23 66.60 66.96 63.81 62.64 61.17 60.74 49.96 49.28 48.81 47.86 47.48 48.73 CM.82 44.72 44.24 

2:: 
64.48 62.36 62.38 62.72 63.10 61.11 60.03 48.69 48.32 47.69 46.97 49.64 46.67 46.34 44.61 44.70 42.71 42.26 
61.80 49.79 49.81 60.16 60.66 48.70 47.69 46.47 4e.13 46.46 44.88 44.48 43.67 43.39 42.68 42.77 40.88 40.48 

2: 
49.42 47.62 47.66 47.89 48.29 46.64 46.60 44.47 44.16 43.63 42.99 42.62 41.87 41.81 40.93 41.02 39.22 38.82 
47.# 46.49 46.64 46.86 4e.27 44.62 43.73 42.67 42.39 41.80 41.29 40.94 40.24 40.01 39.36 39.44 37.72 3?.34 

E.8 
46.41 43.68 43.73 44.04 44.46 42.88 42.04 41.06 40.79 40.24 39.76 39.43 3.8.76 38.66 37.92 38.00 3e.36 38.00 

so:0 
43.70 42.04 42.10 42.41 42.82 41.32 10.62 39.69 39.34 38.82 38.36 38.06 37.41 37.23 36.61 3e.69 36.11 34.77 
42.16 00.68 40.62 40.92 41.33 39.80 39.13 38.26 38.02 37.63 37.08 3e.79 3e.19 38.02 36.42 36.60 33.98 33.66 

66.0 IO.74 39.21 39.28 39.67 39.98 38.60 37.87 37.03 36.82 36.36 36.91 36.84 36.06 34.91 34.33 34.41 32.94 32.63 

E8 
39.46 37.97 38.06 38.33 38.74 37.41 39.71 36.91 36.71 36.26 34.84 34.68 34.03 33.88 33.32 33.40 31.98 31.88 
37.18 36.78 36.87 36.14 Jb.64 36.30 34.66 33.92 33.74 33.33 32.94 32.70 32.19 32.Oe 31.63 31.61 30.27 29.99 

Ii% 
36.23 33.92 34.00 34.26 34.88 33.49 32.88 32.21 32.06 31.M 31.30 31.08 30.60 30.49 29.96 30.06 28.80 28.64 
33.64 32.30 32.38 32.83 33.02 31.92 31.36 30.72 30.67 Jo.21 29.87 29.66 29.21 29.11 28.63 28.70 27.61 27.26 

%8 
27.67 26.68 28.84 26.86 27.21 26.33 26.88 26.41 26.31 26.03 24.76 24.60 24.26 24.18 23.79 23.86 22.87 22.67 

260:0 
23.98 23.12 23.10 23.28 23.61 22.88 22.49 22.11 22.03 21.81 21.68 21.44 21.16 21.08 20.76 20.82 20.62 19.86 
21.60 20.91 10.60 20.83 21.14 20.63 10.31 19.96 19.99 19.73 19.43 19.39 19.17 19.03 i8.72 18.78 18.64 18.04 

300.0 
360.0 

19.99 19.3O 19.08 19.16 19.43 18.97 18.78 18.46 18.46 18.26 17.98 17.96 17.76 17.62 17.34 17.39 17.28 $.;: 
18.73 18.OS 17.89 i7.96 18.21 17.79 17.61 17.31 17.32 17.13 16.88 16.86 16.67 16.66 16.29 16.34 16.21 . 

400.0 17.76 17.14 10.96 17.01 17.26 16.87 lb.70 le.42 16.43 16.26 16.02 16.99 16.82 16.71 16.46 16.61 16.38 14.92 

4Ao:I 
16.96 16.37 18.21 10.28 16.60 16.13 16.90 16.70 16.71 16.64 16.32 16.29 16.13 16.03 14.80 14.84 14.72 14.28 
16.31 16.76 16.69 16.84 16.88 16.62 16.36 16.11 16.13 14.99 14.76 14.72 14.68 14.48 14.26 14.30 14.17 13.78 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

RAIGE II UlITS OF ffi/.Sq a 

WA 88 6c 
4 

. . . . ..*++.**.+*+...*4 

$2 6.?00 7.180 6.390 7.126 
7.864 8.008 
8.429 8.781 
9.009 9.498 

9 697 10 226 

6:0 i': 10'194 10:601 II:676 IO'S60 

13 736 

14'662 IS:692 

13 960 

14'931 16:SO6 

13.761 16.063 17.776 18.667 19.267 19.909 W.660 22.136 23.030 23.913 24.261 24.830 28.186 20.361 

14 IS:670 709 17 18:179 117 
000 

19 lo:221 
19.936 W.601 21.247 22 106 23.649 24 616 
21.207 21.906 22.676 23:620 26.163 26:189 

26 649 
27:itl 

26.907 26.643 29.027 28.210 
27.646 28.236 28.841 20.016 

6.6 11.416 12.403 16.627 16.886 16.634 19.244 21.442 22.479 23.213 23.901 24.931 28.649 27.764 26.782 29.174 29.918 31.636 31.807 
7.0 12.048 13.136 17.406 17.871 17.604 W.311 22.686 23.761 24.618 26.226 28.339 28.143 29.314 30.367 30.796 31.692 33.416 33.686 

Z:i 13.34 14.69 16.13 14.62 IS.38 21.32 IS.87 21.90 21.66 IS.67 24.64 22.46 26.13 27.62 2S.31 28.89 27.14 29.78 30.66 27.88 29.16 32.00 31.13 34.14 32.43 36.67 33.69 36.61 34.03 37.28 34.93 38.27 38.96 40.47 37.14 40.88 

% 
12:o 

16.08 17.62 17.68 19.26 23.30 26.33 23.97 28.08 23.69 26.67 26.86 29.10 30.14 32.70 31.60 34.16 32.46 36.16 33.26 36.38 34.87 37.77 37.17 40.23 38.72 41.91 40.06 43.31 40.64 43.63 41.63 46.01 44.00 47.64 44.24 47.83 
19.02 20.69 27.39 28.24 27.78 31.39 36.31 36.84 37.90 38.76 40.70 43.33 46.13 46.61 47.16 48.43 61.11 61.44 

16.0 23.80 26.00 33.66 34.96 34.38 38.60 43.38 46.17 46.38 47.29 49.77 62.88 66.06 66.76 67.37 68.90 61.00 62.60 

3Oo:O it.8 

32.73 36.36 46.63 47.12 40.26 61.20 67.76 69.97 61.44 62.39 66.77 89.71 72.61 74.66 76.27 77.24 90.93 81.81 

42.63 64.04 46.73 67.10 72.06 68.27 90.37 74.69 73.13 68.17 64.96 79.74 73.28 89.93 
76.91 77.63 78.61 82.96 97.76 91.18 93.64 94.36 MI.74 100.97 102.30 
92.99 94.96 SS.S2 101.28 106.97 111.07 113.72 114.61 117.43 122.16 123.99 

36.0 S5.32 6S.42 86.66 SO.06 68.09 96.62 107.68 111.16 113.36 114.32 120.74 127.36 131.14 136.09 136.03 139.27 144.47 146.86 

it: 

60:0 

79.62 93.90 82.67 98.62 102.62 119.32 106.39 123.70 120.94 104.00 112.26 129.93 146.31 126.48 130.40 160.67 132.83 163.33 133.76 164.20 141.29 162.90 148.86 171.47 164.36 177.71 167.68 181.19 168.69 192.26 162.26 186.34 192.44 167.91 196.03 170.66 

109.16 111.83 136.93 141.94 138.67 148.61 167.14 171.96 174.83 176.63 186.66 196.14 202.16 206.69 206.99 211.60 218.04 222.28 
66.0 126.32 127.69 166.41 161.07 167.18 167.98 188.93 194.20 197.31 198.02 2OS.21 219.80 227.66 231.63 232.77 237.72 244.6s 349.80 
60.0 142.39 144.36 174.74 161.09 176.63 188.26 211.66 217.39 220.73 221.33 233.84 246.68 264.19 268.41 269.67 264.96 272.36 177.98 

%:8 160.3 179.2 161.6 160.1 216.9 194.9 202.0 223.6 196.9 218.0 209.4 231.3 236.3 269.6 241.6 2SS.6 270.3 246.1 246.6 270.7 269.4 286.9 300.0 272.3 310.3 281.7 288.2 314.9 287.4 316.1 322.4 293.2 301.0 330.7 307.3 337.7 

100: %: 0 

219.3 218.8 260.2 269.6 292.6 277.6 311.6 319.2 323.4 323.6 341.7 368.1 370.2 376.3 376.6 383.6 391.6 401.3 

262.6 309.0 260.6 304.9 307.6 367.7 318.4 370.2 310.0 380.3 326.8 379.0 424.7 366.6 
376.2 379.6 

379.6 438.6 
400.9 419.8 433.8 439.3 440.6 448.6 468.6 488.7 

434.4 439.6 463.4 486.0 601.0 606.6 608.0 616.9 627.9 639.6 

160.0 683.3 666.6 648.7 670.7 662.0 679.9 760.0 776.3 782.4 i78.9 822.1 868.3 986.6 893.0 893.8 907.4 923.6 943.3 
wo.0 910.9 881.7 SS8.3 1031.7 1002.9 1040.0 1160.8 1182.6 1190.9 1183.3 1248.6 1292.7 1336.2 1361.3 1361.3 1370.1 1384.6 1420.2 
260.0 1311.4 1243.1 1396.6 1442.0 1404.2 1448.2 1616.1 1648.3 1662.6 1639.8 1730.4 1782.4 1041.9 1869.1 1867.3 1894.9 1902.6 1867.1 
300.0 1746.7 1643.3 1833.7 18S4.6 1846.8 1897.4 2114.7 2199.0 2169.6 2141.1 2269.1 2320.0 2397.9 2436.6 2432.9 2469.9 2469.9 2644.4 
360.0 2218.1 2077.3 2307.6 2384.0 2326.1 2382.4 2664.0 2726.3 2706.8 2681.4 2828.8 2899.4 2997.0 3347.6 3040.9 3086.6 3080.4 3176.8 

400.0 2724. 2641. 2813. 2903. 2836. 2899. 3228. 3322. 3269. 3266. 3436. pi. 333e. y: y&. 3746. 3729. 3846. 
460.0 3269. 3030. 3346. 3466. 3373. 3443. 3933. 3949. 3901. 3661. 
600.0 3621. 3643. 3904. 4032. 3936. 4013. 4466. -4. 4642. 4493. %f. . 4842: 6004: 6092. 6076: 6166. . 

4436. ga4;. :m: 

. ..~*.~...~~*..~......~.*..~...******.*****..**~..*******.*.****~.**.*~*..*.****..~***..**~.*.*..*.*~*.*.***~***...**...*..~.**.~~** 

. . . . . . . . ..~*.*.......~~.....~~*.~*~~~.*.*.~~***.*~~..***~~**.*~~~..*...~.....~~*.*.*..*.*....*...***...***..*******~.*....~...**.*. 
2.6 17.18 17.81 19:18 .19.64 20.24 21.24 21.64 22.61 23.07 23.62 23.98 24.46 24.96 26.39 26.97 26.18 26.02 28.60 
3.0 19.64 20.19 21.67 22.00 22.73 23.88 24.67 26.60 26.02 26.66 27.07 27.60 28.20 26.69 29.30 29.61 31.49 32.11 
3.6 21.16 22.60 23.96 24.30 26.06 26.33 27.10 28.17 26.74 29.34 29.91 30.49 31.19 31.72 32.37 32.66 34.68 36.34 

::: 
23.96 24.80 26.16 26.49 27.26 28.66 29.49 30.69 31.32 31.98 32.60 33.22 34.01 34.67 36.26 36.46 37.70 38.40 
26.87 26.92 20.31 28.61 29.38 30.91 31.80 33.12 33.78 34.60 36.17 36.63 36.70 37.30 38.02 38.21 40.68 41.32 

6.0 27.66 29.00 30.39 30.67 31.46 33.09 34.06 36.47 38.18 36.96 37.6’3 38.36 39.31 39.94 40.70 40.88 43.36 44.16 
6.6 29.80 31.03 32.43 32.70 33.48 36.23 39.26 37.77 38.62 39.36 40.10 40.63 41.86 42.62 43.31 43.48 46.11 46.91 

8-i 
7:o 

33.61 31.71 33.04 36.03 34.44 30.43 34.69 36.67 36.48 37.47 37.33 39.42 38.42 40.66 40.04 42.27 40.82 43.09 44.02 41.70 42.49 44.86 43.26 46.64 44.36 48.81 46.06 47.64 46.87 48.39 46.04 48.66 48.78 61.42 49.61 62.28 
36.60 37.00 38.41 38.64 39.44 41.49 42.68 44.49 46.33 46.31 47.16 46.01 49.24 60.00 60.99 61.04 64.03 64.92 

8.0 39.26 40.93 42.34 42.66 43.36 46.69 46.90 46.66 49.79 60.66 61.60 62.69 64.04 64.66 66.62 66.97 69.19 SO.16 

lo”4 
11:o 

43.02 46.78 44.86 48.76 46.27 60.21 46.46 60.37 47.26 61.16 49.68 63.77 61.09 66.29 63.24 67.60 64.21 68.62 66.37 69.87 0.96 60.38 61.96 67.33 63.66 68.80 M.48 69.66 60.71 66.67 60.84 66.70 04.30 6S.40 66.32 70.47 
60.67 62.74 64.17 64.30 66.09 67.87 6S.60 61.97 63.04 64.38 66.63 99.69 98.29 6S.28 70.44 70.66 74.49 76.62 

12.0 64.38 66.72 66.16 68.26 69.04 62.01 63.74 06.36 67.48 66.80 70.13 71.23 73.06 74.09 76.32 76.43 79.60 80.79 

16.0 66.06 66.69 70.34 70.37 71.12 74.el 76.66 79.71 80.96 82.64 84.07 66.34 67.48 88.67 90.12 90.21 96.08 S6.46 
ii?': 

30:0 

107’94 66 39 

130:72 

112’63 90 OS 

136:26 

114’01 91 66 

137173 

113’76 91 46 

137131 

114’27 92 10 

137167 

119’64 96 47 

143189 

122’61 99 02 

147146 

iO2.80 ill OS 

162:S4 

128 104.29 80 

164:66 

106 131’26 36 

167:42 

133’37 108 13 

169:88 

109 136’13 64 

161:89 

112.31 138 32 

166:60 

113 130’97 74 

167146 

116.68 142 23 

170:16 

116.61 142 21 

170:09 

121 149’66 70 

OS:73 

123 161’63 37 

18l:OZ 
36.0 164.73 161.24 162.70 162.11 162.29 169.42 173.67 179.46 181.67 184.84 167.66 189.92 194.16 196.21 199.38 199.26 209.26 211.66 

%8 179.9 206.3 187.6 214.9 186.9 216.3 188.1 216.3 168.1 216.1 1W.Z 224.2 200.9 229.6 207.6 230.6 209.8 239.3 213.6 243.4 216.7 247.0 219.2 249.7 224.0 266.1 226.2 267.6 229.9 261.7 229.7 261.4 241.1 274.3 244.0 277.6 

60:o E*i 

233.6 243.6 244.9 243.7 243.2 263.4 269.2 267.3 270.0 274.6 278.6 281.6 287.3 290.0 294.7 294.4 308.7 312.3 

282.6 292.1 304.2 273.3 306.6 274.6 273.2 303.8 302.7 172.4 316.1 293.7 290.1 322.2 298.9 331.7 301.8 334.8 308.8 340.2 311.1 344.9 314.4 348.6 320.8 366.6 323.6 368.4 326.9 384.3 328.6 383.8 344.4 381.3 348.4 386.6 

66.0 323.0 336.1 337.4 336.6 334.1 347.6 366.3 396.6 368.9 374.7 379.9 393.7 391.3 394.4 400.9 400.3 419.4 424.1 
70.0 364.8 369.2 370.4 368.3 MO.6 381.1 389.6 400.6 404.0 410.3 416.9 420.0 428.2 431.6 438.6 437.9 468.7 403.8 

100: %"o 0 

421.4 430.4 439.4 436.8 434.3 461.3 461.0 473.6 477.6 484.8 491.2 496.9 606.3 608.9 617.3 616.6 640.7 646.6 

491.9 686.1 611.6 6SS.7 612.6 689.4 509.4 686.7 606.0 681.6 603.6 626.6 616.1 636.6 631.9 660.8 636.6 666.1 646.6 683.3 964.1 670.7 660.0 676.9 671.9 666.6 690.6 676.1 800.3 687.4 686.1 699.3 627.1 717.8 633.8 726.2 

160.0 

EE 3oo:o 
360.0 

iE.8 6oo:o 

988.6 1027.2 1026.6 
1487.1 1644.4 1642.7 
W48.3 2126.8 2127.8 
m62.0 n6i.6 n7i.l 
3321.6 3444.6 3462.0 

i%. 4196. 

6624 : 

%? 

6716: %: 

1019.6 1010.0 
1631.6 1616.0 
2112.1 W87.2 
2762.6 2716.4 
3441.2 3397.0 

4172. 
4839. ii% 
6739. 6661: 

1046.6 

:m 2806:o 
3600.7 

4237. 
6011. 
6817. 

1066.9 1091.4 
y&i ;;w&.; 

2949:8 2Sd2 
3661.6 3920.4 

t%- %Z. 
68S2: 6000: 

1096.2 
1640.3 

%c: 
3629: 2 

~~: 
6007. 

1112.6 1126.2 
1660.4 1680.0 
2277.1 2304.8 
2960.1 3099.6 
s72.0 3720.7 

2% 
6076: 

44g7. 6311. 
6160. 

1136.3 1164.2 
1692.6 1719.3 
2320.1 2364.2 
3004.6 3246.6 
3738.7 3788.6 

::z?: 
2366:8 

iE:x 
1179.3 
1766.3 
2404.4 

%X:i? 
4677. 
6621. 
6399. 

1229.6 1241.6 
1816.0 1846.4 
2498.6 2620.7 
3180.7 3266.0 
3943.9 4043.7 

4762. 4977, 
66OG. 6761. 
6483. 0461. 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

=lSCTROIIC STOPPIJO PO9E1 II UlITS Ot l’UW/tlfG/Sq Crr) 
264 

IO 101s 
102 

s/A 46E 6C 12)c. AL 91 CI TI CR FE 61 (;v GE SE SR m 4~ ~t( 
13 14 20 22 24 2e 28 29 32 34 36 40 42 46 4:G 

***..+***++*1....+.**.*.......*..*.~*~*........*.*~*.~*..*.*..*~*****.*****~.*.*..*.**..~*.~*~~******~*...*.~*********...******.*..* 

219.1 146.9 127.6 120.7 121.4 106.9 223.4 169.1 133.0 128.1 117.1 111.8 ET if:; 2: . ii:: iit: . E:r: 
224.1 147.6 

i-2:: 
138.2 

E4" 
69.8 

129.4 130.4 116.7 
t:: 223.1 120.1 172.4 176.6 134.6 138.0 lg.: 103:7 G-E es:1 ~~~ es:, 94:3 E:: 22 aS:r if*: E-? 

71:1 z-z 
131.2 131.1 132.4 133.7 118.1 119.7 

63:o 76:s . 73:o x 
71'1 

X:8 217.7 214.2 177.0 177.6 i38.9 138.4 132.4 132.2 134.f 134.1 120.9 120.4 106.1 104.4 100.2 100.8 Et Ei:: tz g:: 
210.4 177.2 138.0 131.7 133.7 120.9 106.3 101.1 91'0 
200.9 174.4 137.2 131.0 133.0 120.7 106.2 101.1 ii!.: EY 9l'2 t?o' 
203.1 176.2 134.1 130.0 132.2 120.2 104.8 100.9 9S:4 S'7:l 91:3 so:1 

x:: 196.7 188.7 168.6 172.1 131.2 133.8 116.4 117.9 127.9 130.2 116.S 117.3 104.0 102.7 lO$.; . Ei*: 

ll:o ::*z 

182.1 164.7 126.4 113.1 126.6 116.6 96:8 
ZI 2: S:f TZ 

7218 
E: 
7211 

170.2 176.9 14G.8 167.0 123.4 124.0 114.3 110.7 120.7 123.1 111.4 113.6 'O&X 98:2 3 96:0 iti:: ff2:S BUS 67:l 2.3 72.6 71.9 :A*8 . 

16.0 93.6 

28 z-s 
ii:;: Zi:: E:S 4:x 2:; Z&i 

E:"o 76:1 70.7 it.3 as:1 z.: 67:s 69.4 64.6 ii:: 

%:Z 93.92 87.74 66.61 M.49 79.47 76.42 74.84 72.79 76.96 74.83 76.13 71.34 66.91 63.61 42.24 66.43 64.67 41.64 64.61 41.76 41.30 68.42 68.69 66.67 66.72 64.10 64.06 63.62 66.92 64.91 62.49 63.66 61.67 60.29 62.66 

so:0 28 

63.42 
82.61 63.91 71.72 49.24 71.21 06.04 60.71 69.44 68.62 69.03 66.66 63.46 61.79 61.27 61.19 60.34 49.60 48.27 

77.99 74.04 79.46 76.90 68.46 86.66 63.34 08.12 68.02 (16.17 42.47 46.10 68.12 66.81 66.94 64.71 64.19 64.36 64.44 66.41 63.69 61.64 49.36 61.30 49.71 47.64 49.26 47.44 49.19 47.39 48.40 48.46 47.62 46.93 46.46 44.81 

%I8 70.66 47.44 71.68 89.68 42.96 60.41 SO.64 68.69 42.62 90.32 60.11 67.96 63.73 61.84 60.84 62.49 62.21 60.42 62.47 60.69 49.69 46.00 47.60 46.01 40.16 44.61 46.79 44.28 46.76 44.24 43.40 46.06 44.38 42.97 43.31 41.96 

1oo:o %oo 

42.16 84.47 60.64 64.69 66.31 64.23 48.66 47.46 47.27 47.64 46.06 43.21 41.91 41.44 41.43 41.04 40.47 39.63 

67.86 64.21 80.23 68.46 63.13 60.22 46.41 61.41 62.96 60.07 61.08 48.36 46.74 43.37 44.94 42.61 44.61 42.31 44.90 42.42 42.66 40.39 40.82 36.77 39.41 37.62 39.36 37.43 39.39 37.44 38.86 36.90 38.32 36.46 37.46 36.67 

160.0 42.23 44.69 40.24 39.02 40.20 39.04 36.08 34.62 34.34 34.66 32.87 31.69 30.68 30.68 30.62 30.28 29.88 29.33 
200.0 36.46 38.14 34.44 33.62 34.34 33.66 30.22 29.66 29.72 30.04 26.47 29.00 27.06 26.44 24.64 26.16 26.43 26.48 
260.0 31.42 34.02 31.01 30.03 30.70 30.22 27.18 28.36 24.74 27.06 26.44 26.22 24.38 23.67 23.96 23.66 23.67 23.04 

Et: 26.61 28.63 31.09 28.91 28.43 28.60 26.46 27.63 26.24 26.18 27.76 26.90 24.94 23.30 24.01 22.44 22.98 24.40 24.89 23.27 22.07 23.60 23.21 21.70 22.46 20.99 22.00 20.69 22.09 20.68 21.72 20.34 20.61 22.01 21.27 19.93 

i%: 
woo:0 

23147 24.93 16.90 17.23 23.80 16.00 23.04 24.10 23.60 24.18 23.31 24.44 22.01 20.99 10.26 21.22 20.72 21.73 20.99 22.00 19.92 x).88 20.62 19.67 16.94 19.86 18.61 19.49 19.68 18.69 16.40 19.26 19.61 18.84 18.66 16.04 
22.46 24.83 22.63 22.10 22.46 22.38 20.16 19.47 19.90 20.17 19.14 18.80 16.20 17.89 17.97 17.69 17.92 17.36 

.***....*.....*.*.+*.*.*.**..*~.*..*.*..**.....~*~~**..*...*.**.*....**...*....***..*******.*...**.*.*...*....*.....*.....**~.*...*. 
WA SI l-6 81. LA Pn se Go EO RI LU TA cl6 In AU PB 61 TH 

6G 62 64 67 69 42 64 67 69 71 73 76 77 79 a2 63 So 92" 
*+.*..***.~*.........*..*.......~~.****......*.*.**.....*..****.*...*....**..**.*.**.*.*.**..**.***.*~*****.****~*..**~~...*.~**... 

61.73 49.26 49.20 49.62 49.02 48.16 44.69 42.16 41.22 40.12 39.34 36.46 37.27 35.79 38.38 34.48 34.98 34.68 
Wd6 63.49 63.42 63.97 63.62 60.61 48.94 46.36 46.40 44.24 43.40 42.71 41.24 40.70 40.23 40.33 38.61 38.17 
69..?3 64.96 68.87 67.24 68.84 63.74 62.16 49.60 48.64 47.38 46.49 46.77 44.27 43.66 43.17 43.26 41.39 40.90 

a:: 62.24 64.11 41.21 69.39 41.10 69.29 41.49 69.47 41.20 69.33 66.20 68.06 64.66 66.39 61.91 63.76 60.97 62.63 49.74 61.41 44.64 60.70 48.13 49.98 44.61 48.44 44.00 47.80 46.44 47.21 46.64 47.31 43.63 46.20 43.02 44.67 

2:': 46.61 98.64 42.67 63.68 62.44 CU.46 81.86 03.60 42.61 43.67 69.48 60.62 67.79 68.66 66.17 66.27 64.27 66.38 63.04 64.16 62.12 63.24 61.39 62.60 49.67 61.00 49.22 60.34 48.60 49.69 46.70 49.79 46.61 47.64 46.96 46.97 
t+ 

710 

97.29 47.82 64.32 64.66 64.20 64.73 94.41 46.14 a.46 06.02 41.32 61.92 SO.26 69.46 67.76 67.11 68.24 68.90 66.49 66.02 64.10 64.77 63.37 64.06 61.88 62.67 61.91 61.22 60.66 61.22 60.66 61.32 46.34 48.97 48.40 47.77 

66.16 86.21 46.09 86.60 66.42 41.34 40.48 68.22 67.39 66.19 66.26 64.66 63.10 62.44 61.73 61.83 49.46 46.68 

8:: 88.61 68.47 86.64 86.66 86.44 96.44 06.88 66.64 96.63 86.49 42.93 62.81 41.32 61.18 68.80 69.02 68.24 68.00 68.63 67.12 66.22 66.93 66.23 66.64 63.80 64.16 63.16 63.62 62.77 62.42 62.62 62.66 60.11 60.43 49.62 49.84 

:r: 
12:o 

88.19 97.76 86.31 64.90 66.20 04.81 66.42 66.22 86.70 66.34 42.80 62.60 41.23 do.94 69.00 66.81 68.27 68.12 67.14 67.02 66.28 64.14 66.41 66.61 64.24 64.20 63.44 63.69 62.68 62.62 62.96 62.92 60.64 60.48 49.96 49.90 
61.10 64.40 04.31 84.72 64.87 62.10 80.69 68.60 67.84 66.77 66.92 66.29 64.01 63.43 62.46 62.74 60.32 49.74 

16.0 66.21 821.63 42.44 62.67 63.10 80.60 69.08 67.17 W.68 66.69 64.79 64.20 63.01 62.48 61.69 61.79 49.42 46.66 
20.0 41.41 6S.13 69.10 69.49 69.60 67.43 66.14 64.47 63.97 63.09 62.36 61.83 60.77 60.32 49.64 49.63 47.36 48.86 
26.0 68.22 66.91 66.90 66.14 66.43 64.44 63.28 61.79 61.36 60.66 49.67 49.40 48.44 48.06 47.29 47.38 46.26 44.77 

Z8 66.16 61.49 63.01 69.46 63.03 69.47 63.39 69.62 63.77 61.22 49.34 61.74 40.32 60.66 49.31 47.07 48.93 4S.73 48.19 46.06 47.64 46.46 47.13 46.08 48.24 44.24 46.91 43.96 43.24 46.17 46.24 43.33 43.26 41.41 42.79 40.98 

g:i 

66:o 

47.98 a.06 60.09 44.16 48.12 44.30 46.17 44.36 46.20 44.67 48.64 M.60 48.96 46.91 46.09 47.17 46.14 43.49 44.33 42.43 46.12 46.07 41.63 43.24 44.76 41.98 41.37 44.12 42.3% 40.81 41.84 40.31 43.67 43.19 41.61 39.98 42.43 40.79 39.30 40.66 39.09 42.17 41.40 39.69 38.46 39.96 41.67 38.63 39.76 38.24 38.86 38.60 37.86 39.34 

44.33 42.46 42.71 43.01 43.44 41.91 41.10 40.16 39.91 39.36 36.90 38.69 37.96 37.76 37.13 37.22 36.62 36.27 
60.0 42.77 41.14 41.21 41.62 41.94 40.46 39.70 36.81 36.68 36.06 3?.62 37.33 38.71 36.64 36.93 38.02 34.47 34.14 

%:8 40.06 41.36 39.80 38.66 39.64 38.42 40.14 Xt.91 40.67 39.32 39.17 37.97 38.43 37.24 31.68 38.46 37.34 38.26 36.66 36.19 38.46 36.37 36.17 36.10 36.68 34.64 36.42 34.39 34.83 34.91 33.42 32.44 33.11 32.16 

100:0 zz.8 

37.74 
33.82 33.90 

38.36 38.42 36.70 37.10 36.86 36.19 34.46 34.24 33.64 33.46 33.20 32.48 32.66 32.01 32.09 30.74 30.46 

36.79 31.08 34.44 32.42 4(.64 32.00 33.16 34.60 36.20 33.66 34.02 32.43 33.40 31.66 32.72 31.21 32.66 31.04 32.14 X.70 31.79 33.36 31.68 30.13 31.08 29.68 30.96 29.68 30.46 29.09 30.63 2S.16 29.26 27.94 26.98 27.69 

160.0 26.04 27.01 27.10 27.31 27.47 26.11 2S.32 26.64 26.74 26.44 26.16 26.01 24.46 24.68 24.19 
24.38 22.06 

24.24 23.26 23.06 
iii3 23.63 21.26 23.60 21.03 21.10 23.49 24.03 21.62 23.24 20.90 20.86 22.68 20.31 22.60 22.42 20.32 22.19 20.06 21.96 19.78 21.81 19.74 21.62 19.62 21.46 19.37 21.12 19.06 21.18 19.12 20.88 18.97 20.70 

5%: 20.30 IO.06 16.42 19.00 
16.36 

18.22 19.43 19.60 19.76 IS.32 19.12 16.79 14.80 18.69 18.31 18.27 16.07 17.94 17.66 17.71 17.67 17.02 
16.26 14.66 18.12 17.04 17.63 17.44 17.46 17.18 17.14 14.98 14.86 14.69 16.44 16.61 16.00 

ii%:: it.27 18.06 17.44 16.66 if.27 14.61 17.18 17.01 14.72 16.66 16.31 14.28 14.11 14.00 16.76 16.20 

6ao.o 14.42 

17.33 14.64 17.69 16.61 
14.43 16.27 14.00 

14.74 14.01 
16.63 16.81 16.68 16.42 16.31 16.07 

16.80 16.12 14.99 16.67 
14.66 

14.06 16.69 lC.S4 10.16 16.82 16.44 16.40 16.41 16.26 16.03 16.00 14.66 14.76 14.62 14.67 14.44 14.02 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

254 
ruIGE II UlITS OF ffi/SQ aI IO 101s 

102 

6/A 88 4c Is U SI CA 
4 12 13 14 20 

**.**L+.**~*L..C**+**~~*,*~*.*..**~..***~.***..*. 

3:: 4.430 r.203 4.310 7.160 8.914 9.888 8.890 9.317 8.130 9.761 10.332 il.667 

4:s is! 

7.770 7.917 10.830 10.910 IO.736 12.472 

8.338 8.310 8.473 9.402 12.474 il.764 11.884 12.849 12.463 11.499 13.767 14.824 

n CR Fe II aJ GE 3.6 SR za no rul 
22 24 24 23 -23 32 34 38 40 42 46 4F 

~.L***++*++*****************.**********************.***************.*,*************. 
11.220 11.771 12.i70 12.420 11.910 13.B40 14.310 14.884 16.100 16.334 16.784 14.190 
12.679 13.104 13.464 14.162 14.648 16.696 14.144 14.811 17.064 17.344 18.062 18.382 
13.876 14.647 16.044 16.400 14.094 17.243 17.907 18.417 lB.BB4 19.271 20.160 20.427 
16.132 16.BBB id.429 14.396 17.683 18.837 13.678 20.347 20.033 11.090 22.139 22.378 
14.366 17.177 17.7BO 18.366 19.034 20.383 21.201 22.024 22.338 22.861 24.063 24.244 

6.0 3.483 10.122 13.688 13.808 13.401 16.841 17.684 14.461 19.072 19.493 20.440 21.901 22.733 23.443 Zl.106 
6.6 10.077 10.838 14.603 14.748 

24.001 24.673 26.313 
14.647 14.933 18.796 19.714 20.371 21.014 11.443 23.3S9 24.3S2 26.288 26.B40 28.247 27.736 27.314 

8.0 10.476 11.664 16.411 16.731 16.49B 17.943 10.001 20.971 21.BS4 22.330 23.168 24.486 26.SiB 20.492 27.241 27.942 29.629 23.700 
4.6 11.243 11.273 14.344 14.498 14.449 13.034 11.208 21.324 22.363 23.440 24.BO2 2B.364 Z7.4B4 20.484 28.470 23.406 31.302 31.471 
7.0 11.903 12.996 17.273 17.471 17.404 20.088 22,417 23.486 24.243 24.948 10.064 27.840 23.004 30.071 30.473 31.269 33.042 33.232 

1o:o 2: 

13.18 14.44 19.16 19.44 19.34 22.21 24.86 24.01 24.83 27.67 28.84 30.73 32.09 33.24 33.47 34.64 36.64 36.74 

14.60 16.47 16.36 17.47 23.03 21.07 21.44 23.43 23.32 21.31 18.66 24.38 29.73 27.30 31.14 28.64 32.07 29.44 30.21 32.87 34.47 31.44 36.76 33.74 38.29 36.14 39.81 36.41 30.88 40.10 37.86 41.17 40.03 43.62 40.24 43.76 

:::: 17.29 18.74 20.43 19.03 27.04 26.02 26.77 27.89 26.34 27.44 28.74 31.02 32.32 34.83 33.76 36.40 34.74 37.46 38.29 36.64 40.23 37.33 42.83 39.77 41.44 44.42 42.83 4B.08 43.34 4B.42 44.61 47.88 47.01 60.63 47.29 60.86 

16.0 23.46 26.47 33.43 34.63 33.94 38.03 42.84 44.81 46.82 46.71 49.14 62.24 64.33 66.08 66.43 68.21 41.24 41.76 
20.0 32.23 34.84 44.91 46.48 46.42 60.63 66.99 69.18 80.43 41.63 (11.92 BB.82 71.69 73.41 74.32 74.27 73.32 80.78 
26.0 42.13 46.06 67.44 69.61 68.33 44.04 72.2S 74.86 74.64 77.64 81.82 86.67 49.97 32.30 33.10 36.44 99.44 100.36 

ZE 46.14 63.13 68.30 W.21 70.99 86.63 73.63 88.47 71.04 B4.76 78.69 St.10 104.08 BB.44 109.62 91.46 111.48 93.63 112.44 94.67 118.38 99.86 106.47 126.60 103.62 130.24 112.16 133.16 113.03 134.09 116.81 137.23 120.48 142.42 122.23 144.77 

2: 
60:0 

78.20 32.20 96.18 81.30 101.01 117.40 121.7i 104.72 118.30 102.37 127.90 110.64 144.03 124.66 148.33 123.42 160.36 130.82 161.82 131.74 140.40 133.17 188.86 144.44 162.07 176.01 166.24 178.44 164.28 173.60 183.64 169.87 183.64 146.46 188.38 133.10 
107.13 109.89 134.48 133.41 134.31 144.13 144.47 149.22 172.09 172.87 182.44 192.10 199.01 202.71 203.80 204.26 214.70 218.88 

66.0 122.37 126.44 162.81 168.39 164.64 146.22 186.84 131.06 194.12 134.84 206.84 214.38 224.06 227.99 223.11 233.99 240.87 246.70 
60.0 139.49 141.78 171.78 178.02 173.86 186.14 208.18 213.81 117.11 217.73 230.03 241.80 260.10 264.27 266.42 2B0.72 38.03 273.64 

46.0 167.3 168.9 131.4 198.6 193.6 206.3 231.4 237.6 241.0 241.6 266.1 297.8 277.1 281.6 282.7 2BB.4 294.2 302.4 
23 216.0 176.7 214.7 174.8 266.6 212.1 219.8 264.7 214.2 267.8 227.4 272.7 304.1 266.4 313.7 242.0 317.8 246.7 317.3 244.1 336.8 281.1 362.0 296.0 363.9 306.1 368.3 303.7 370.1 310.3 377.2 317.1 384.2 326.2 394.4 332.2 

128 267.3 302.7 266.6 299.0 301.3 361.1 312.4 363.4 304.4 363.7 321.0 372.2 340.0 417.1 348.4 424.4 373.2 431.7 372.3 431.0 333.8 466.1 412.6 474.4 424.3 492.1 431.7 497.3 432.3 499.1 440.8 607.3 460.7 460.4 
618.7 630.2 

160.0 671.1 664.0 434.1 467.7 639.3 688.9 746.4 740.6 747.8 744.1 808.6 842.1 884.3 874.2 877.1 890.4 964.3 326.8 
200.0 901.2 BB3.4 978.2 1011.0 6'42.8 1019.4 1137.8 1163.3 1147.4 1140.0 1224.1 1247.4 1303.1 1326.0 1326.0 1343.4 1367.4 1332.4 
260.0 1283.0 1214.3 1344.3 1412.4 1376.4 1418.7 1682.3 1414.3 1419.2 1404.7 1496.6 1744.6 1804.3 1431.7 1823.3 1867.0 1844.4 1318.0 
300.0 1707.4 140B.2 1736.3 1866.0 1808.2 1863.0 2071.0 2121.3 2116.3 2037.1 2212.7 2272.4 2348.8 2384.8 2382.9 2413.6 2413.7 2432.4 
360.0 2189.3 2032.4 2268.7 2333.6 2276.3 2332.3 2638.3 2443.1 2060.2 2426.6 2749.8 2833.0 2934.7 2984.3 2977.9 3024.4 3014.7 3110.2 

FO.8 EF 2486. 
60010 3734 : Ei:: 

2763. 3274. 2344. 3382. 2774. 3300. 2837. 3370. 3140. 3761. 3262. 3B46. 3213. 3187. 3773. gf3:. ;4’,. 3667. 4213. 3413. 4284. 3410. 4274. 3867. 4342. X.61. 4317. 3786. 4464. 
3819. 3946. 3849. 3924. 4349. 4606. 28:: 4394. 4634: 4730: 4897. 4383. 4347. 6046. 6012. 6173. 

*..*l..*.*....*.***+.******..**...**.**.*.~.*.**...***....~.~*.***.*.*.*.~.*****.**~*.*.****....****.**.~~****..**.***.***~*..***.~. 
E/A 91 l-0 BA LA Fe !in 00 80 l?l LU TA a6 In AU PB 81 TR 

60 62 64 67 69 42 44 47 49 71 73 76 77 79 82 83 90 92” 
*+~..**.....*1*.**.+*..**.*.~**....*..****.*.*****.*****.*.**.,.***..*...**.*.**..**.~*******.*~..~*.~~**.****.*.~.~..*.~...**.**.*. 

2.6 14.98 17.40 18.94 19.31 20.01 21.00 21.69 22.34 22.81 23.24 23.71 24.19 24.47 26.10 26.47 26.84 27.49 28.27 
3.0 13:33 2l.fl 20.04 21.43 21.74 22.48 23.82 24.30 26.22 26.74 24.24 26.78 27.31 27.30 28.37 28.98 22.34 29.18 31.14 31.74 13.72 24.04 24.78 26.06 24.81 27.87 28.44 29.03 29.80 30.17 30.84 31.38 

23.63 26.91 
32.02 32.21 34.31 34.97 

24.64 26.21 24.36 28.36 29.13 30.37 30.99 31.86 32.24 32.88 33.44 34.21 34.89 36.07 
26.40 20.44 28.02 29.07 

37.30 37.99 
28.31 30.68 31.47 32.77 33.44 34.16 34.81 36.44 36.33 36.32 37.43 37.91 40.14 40.88 

ix 
3z:es 
34.44 
34.41 

30.07 30.36 
32.09 32.36 

2% 
34:oo 

2% 
3B:z3 

31.12 
33.13 
36.11 
37.07 
39.02 

38.84 40.49 41.89 42.10 42.89 46.10 
42.66 44.37 46.77 46.96 48.74 49.14 
4B.27 4B.26 4S.44 49.B2 60.80 63.18 
60.00 62.16 63.64 63.70 64.48 67.23 
63.77 6B.08 67.60 67.41 68.38 41.31 

177.3 
203.2 

:x 
28714 

Et*:8 
Ill:06 
134.33 
168.94 

iB4.7 
211.7 
233.8 

ZE 

70.28 
SO.96 

xx: 
140:01 

184.2 186.4 186.4 193.4 198.0 204.6 204.8 210.6 213.4 214.1 
213.1 21a.2 211.9 220.3 224.1 233.3 236.8 239.8 243.4 244.1 
241.2 240.0 US.6 249.6 266.3 243.2 246.9 270.4 274.3 277.3 
270.4 243.0 2SB.2 279.3 286.7 234.3 237.2 302.1 304.4 309.4 
300.4 lee.1 298.0 3iO.l 317.1 324.6 329.4 334.3 339.4 343.1 

46.0 317.8 330.7 332.0 330.2 
70.0 X3.0 383.1 3B4.3 3B2.3 

100: EX 0 

414.3 431.1 432.1 429.4 

483.6 664.2 602.9 678.4 603.8 679.1 600.7 676.6 

160.0 970.1 1004.1 1007.4 1000.7 
200.0 1468.3 1614.6 1612.9 1602.0 
260.0 2007.4 2083.4 P46.6 2070.1 
300.0 2607.9 2706.4 nl4.B 
360.0 3263.0 3373.6 3390.8 CE:: 

328.8 

3: 
49714 
671.4 

991.3 
1486.8 
2046.8 

ZSE 

400.0 3e37. 2% 4107- 
460.0 4S67. 

6BOr: 
4440. zt, 4031. 

4770. 
600.0 6407. 6644. 6S17: 6640. 

:8E:: 
2114.1 
2749.2 
3428.7 

w 
6693: 

33.70 36.10 

ii?:: %ii 
40113 41183 
42.23 44.02 

36.01 36.68 37.28 37.97 
38.12 38.94 33.43 40.41 
40.40 41.27 42.06 42.81 
42.44 43.64 44.33 46.17 
44.84 46.83 46.49 47.61 

2x: EF 
64:49 6B:SB 
68.86 41.29 
63.02 46.42 

43.24 60.32 61.26 62.14 
63.43 64.78 66.79 64.72 
67.99 69.22 80.30 41.29 
42.36 43.47 64.82 46.84 
68.73 68.14 49.36 70.44 

76.76 78.78 80.06 81.49 83.11 84.36 
97.80 101.63 103.02 106.06 104.81 108.30 

121.02 126.46 127.14 129.68 131.44 133.40 
146.48 160.69 162.49 166.32 167.76 169.73 
171 .I6 l74.9B 179.06 182.28 186.07 187.30 

349.4 363.8 
363.2 334.1 
at”.; 4g.t 

SOS:4 421:0 

1047.2 1071.3 
1684.8 1400.0 
2162.6 2190.3 
2792.1 2847.6 
3478.4 3644.1 

363.0 348.0 373.9 377.7 
397.6 403.7 403.3 413.3 
409.7 474.8 483.1 487.8 
646.8 663.8 641.1 MIB.3 
426.7 634.7 642.9 648.4 

1078.0 1032.1 1106.6 1114.4 
1408.8 1428.6 1447.8 1490.2 
2206.6 2132.2 2269.3 2274.3 
2868.6 2490.6 2327.8 2944.0 
3664.7 3696.7 a44.4 3B42.0 

4234. 4346. 4403. 4423. 
6071. :;32 6200. 6220. 
6BBO. . 8023. 6062. 

38.91 
41.42 

z-i; 
48173 

63.48 

zt 
47:66 
72.24 

86.47 
110.34 
134.66 

ESX 

220.8 
261.3 
283.1 

%i:: 

386.1 
421.4 
497.0 
674.7 
eBo.4 

1133.0 
1886.4 

fK*t 
3711:o 

‘E? 
4126. 

39.63 40.28 40.46 42.33 43.49 
42.06 42.84 43.03 46.43 46.42 
44.68 46.39 46.64 48.27 43.10 
47.06 47.39 48.06 60.88 61.74 
43.48 60.36 60.61 63.44 64.36 

64.23 66.23 66.37 
63.06 40.04 40.13 
43.79 64.88 B4.99 
68.62 49.47 43.73 
73.17 74.48 74.69 

68.64 63.61 

it?:: 
73167 

ii.;: 
74173 

78.71 73.89 

87.46 89.08 83.14 93.98 36.34 
112.36 114.16 114.20 120.21 ill.84 

:E% 
140.40 140.33 147.84 149.69 

133: 60 
147.89 147.82 174.36 178.42 
194.43 194.60 204.37 208.36 

223.0 224.4 228.4 237.7 240.6 
263.7 267.3 267.4 270.3 273.6 
286.4 290.3 230.0 304.1 307.7 
318.7 323.3 323.6 333.2 343.1 
362.3 368.7 368.2 376.4 379.7 

388.2 

‘22 
680:4 
084.6 

394.8 394.0 412.8 417.6 
431.4 430.9 461.4 464.4 
608.8 608.0 631.3 637.8 
630.2 689.2 414.8 423.2 
876.0 874.4 706.6 712.9 

1138.7 1167.4 1166.1 1207.0 1218.8 
1433.4 1721.7 1717.4 1780.4 1810.2 
2319.2 2367.1 2361.0 2420.1 2471.2 
3001.4 3060.4 3042.3 3114.8 3190.4 
3732.8 3733.7 3782.9 3983.3 3981.1 

4607. 4680. 4647. 4664. 
6313. 6406. 
4144. 63Bg. E% 

:z- 
8244. 8246. . 8621: 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

267 
ELECTIUIIIC SIOPPIIG F'OUER II UITTS OF MPf/tXG/SQ M) 

WA = 
ec 12 

lFs AL SI CA T I  CB FB II 
4 13 14 2c 22 24 26 28 

.,..*+.**+.*.~L.*.L*..*..*.*.~*.~*.**~**.**..~..*.**.**.**.***.~.**..*...***.. 

220.5 145.1 125.1 121.3 121.9 105..2 02.5 
22S.2 15S.6 133.7 116.6 127.6 LL2.3 

3.1 if*: lick:, 
225.2 156.2 137.0 130.2 131.4 116.3 100:3 96:s E:i So.0 

1:: 222.9 226.2 173.6 176.7 139.6 136.9 132.1 133.1 133.6 134.7 116.9 120.6 io4.4 102.6 ix E8 ii:: 

W GE SB 
2s 32 34 

1.**.***.+*.*******.*. 

!:E f%8 
212:s 

:;i 3 
17e:7 

139.6 140.0 133.3 133.4 136.2 136.1 ill.4 121.6 
139.2 132.6 134.6 i2l.S 

209.2 177.9 136.4 132.1 134.2 121.7 
256.6 170.6 137.4 13i.2 133.4 121.2 

lS6.1 173.6 136.1 12~.1 131.4 120.0 
191.1 170.3 132.6 126.8 12s.2 116.4 
164.6 166.6 12S.S 124.4 128.8 116.f3 
176.3 161.7 127.3 122.0 124.4 ll4.7 
172.6 166.6 124.7 119.6 122.0 112.6 

16.0 167.3 146.0 il7.4 ill.7 116.2 107.2 

112.0 110.6 
102.9 102.7 

20” 96.44 69.20 90.20 SS.96 80.61 76.62 73.66 77.s4 80.09 TS.Sl 76.16 72.36 

a?:0 it: 

B3.69 815.26 72.7s 70.27 72.26 59.03 

79.30 76.29 77.13 60.93 59.49 69.66 54.30 67.11 es.04 55.17 66.06 53.41 

71.75 73.76 53.93 81.79 63.69 51.02 
56.62 70.74 61.66 69.61 61.26 69.66 
53.25 66.66 67.46 66.66 67.21 66.09 
68.66 01.26 64.00 62.26 63.61 61.90 
66.17 67.63 61.06 48.41 60.59 49.16 

160.0 43.00 46.49 w.s5 39.70 40.90 39.71 
200.0 36.11 38.86 36.26 34.12 34.96 34.26 
260.0 32.01 34.86 31.68 30.67 31.26 30.76 

E!i:o” 29.16 27.03 31.57 29.46 26.99 26.80 25.13 26.03 26.86 28.74 25.26 25.36 

26.41 27.76 26.47 24.55 26.24 24.92 
24,13 26.39 24.26 23.46 24.06 23.76 
23.09 26.30 23.28 22.62 23.08 22.65 

106.4 100.8 
106.9 101.6 3:: 
106.1 101.9 

Z$; 
106.1 101.9 Ez 

es:2 
s1:s 

106.8 101.6 s2.0 

104.9 
101.1 

103.7 100.1 sg.5 . tki z:*: . 

::z 
59:2 z-s se:0 E.47 s&l 3 

iit: 
93.4 aB:o 

61.0 

"Bi*: 
T&4' 

02:s ii!.: 
83.1 Bo:s 

80.8 

%:i 

67.49 68.61 
;;.;g g.g 

SO:43 4s9:97 
46.66 46.13 

45.54 45.47 
46.29 44.96 
g."1"5 

36122 

$2$ 

35103 

31.20 31.10 
27.63 28.92 
24.51 24.35 
22.66 22.40 
21.36 20.07 

20.22 19.66 
19.30 18.96 
16.64 18.22 

73.6 

x 
7311 
72.5 

64.81 63.28 
62.26 SD.99 
ii*:: 
46:6G 

bf 
46147 

30.39 

:!-f% 
22141 20.9s 

:x*8x 
Is:28 

:t.:3 
17187 

2:: 
to:1 
71.7 

69.6 64.4 

z;g %X 
89:2 

5e.2 56.4 

68.56 
64.16 

‘ix 
w3:os 
45.44 

ADDS 
w:o1 
35.04 

%-AT 
;;:g 

21:oe 

IS.84 

E’: 

67.66 55.33 56.66 56.71 62.14 
64.62 53.13 52.44 62.62 69.24 
51.69 50.30 69.67 69.88 56.67 
SB.S6 67.76 67.21 67.44 64.37 
66.66 66.62 66.00 66.26 62.30 

64.66 63.49 63.00 63.28 SO.44 
62.54 61.54 61.19 61.46 46.74 
4s.31 46.40 10.01 49.30 46.78 
45.49 46.55 45.32 46.62 43.22 
44.07 43.30 43.00 43.30 41.04 

36.58 

X8 
26:41 
23.73 

36.11 34.93 

%:G 3% 
24.44 26104 
22.55 23.41 

36.26 
30.67 

EE 
23:70 

:X% 
la102 

22.43 21.82 22.13 22.41 21.25 
21.36 20.63 21.11 21.39 20.29 
20.63 19.63 20.26 20.66 IS.60 

*..*..*.**,*~+*L....*.*****...*..*...*.*... 
WA 3I Iz BA LA PB 

SO 62 66 67 69 
+*....**..~*..**..*.*.**..**.*.*.~.*.**.*. 

61.66 49.35 49.31 49.53 49.13 
66.16 63.88 63.81 64.16 63.70 
60.00 67.21 67.12 67.4s 67.09 
62.66 69.69 69.69 69.97 69.53 
54.46 61.66 51.46 51.64 51.64 

3:: 
9:: 
4.6 

~..*****+**.+*************.*******************.*********.*..*~~*.,**.***.*.**..********.** 
sx CD Ho lx LU TA BE Ia AU PB BI TB 

52 64 67 5S 71 73 76 77 79 a2 B3 so 92” 
~*..********.**.**.***..**.*******..~******.***.****.*****.**~.***.****.**..*******.**..** 
45.26 44.79 42.24 41.31 40.21 39.42 36.75 37.36 35.87 35.46 36.65 35.06 34.86 
60.69 49.13 46.60 46.66 44.39 43.66 42.86 41.36 40.83 40.36 90.48 35.74 35.29 
63.99 62.38 4S.71 45.76 47.65 46.59 46.97 44.48 43.67 43.36 43.46 41.66 41.07 
66.W 64.63 62.17 61.22 60.00 49.10 49.37 45.64 45.22 46.56 46.76 43.74 43.23 
68.38 S6.71 64.06 63.12 61.69 60.98 SO.24 45.71 45.07 47.47 47.67 46.46 44.91 

6.0 

E 
5:s 
7.0 

56.91 
e8.96 

22 
56170 

59.07 

16.0 

it8 

E:o” 

66.69 
52.31 
66.92 
66.66 
63.17 

E:i 

28 
6o:o 

160.0 
200.0 
260.0 
300.0 
360.0 

400.0 18.41 

2%:X :3:8 

52.96 22: 
64:0s 
5s.20 
56.69 

86.97 

10.46 

~-~~ 
36:05 
33.42 

53.24 

1% 
66:Ol 
66.00 

fit:: 
sS:21 
56.63 
56.34 

52.99 69.82 68.14 
50.82 69.23 

66.61 
65.83 

~~3 
E&3:56 

c-:: 
ss:s2 

ii:::: 

67.76 

Ei% 
42121 
45.72 
39.37 

36.13 

17.03 
15.29 
16.59 

62.44 

Eff 
ss:15 
66.59 

66.36 69.76 
62.94 62.41 

E% 
46:os 

t?;! 
SC54 

ii-07 
W:S4 3s. 14 
37.55 

37.42 36.98 36.8S 
35.32 3S.89 X.52 
34.36 33.s6 33.70 
32.55 32.28 32.06 
31.18 30.62 30.61 

26.66 26.50 26.43 
22.67 22.33 22.1s 
20.44 20.13 20.09 
18.02 S6.54 18.60 
17.77 17.61 17.47 

z-i: 
33:lB 
31.66 
30.14 

26.07 

:s% 
ia:40 
17.29 

16.86 15.82 16.68 18.41 
18.13 16.60 16.87 16.71 
16.63 16.31 16.26 16.13 

63.67 

fE 

iif.% 

42.73 
41.11 

E4 
37:Oll 

46.69 
60.01 

?E 
s2:12 

48.99 60.11 
pJ 

x 
45:sr 
IS.32 
49.63 

6% 
SO:96 
SO.94 
SO.79 

49.92 
47.90 

%*bX 
41 Is4 

33.91 
32.94 

%-I: 
28:35 

2% 
45.09 
45.74 
49.24 

49.91 

%i 
SO:35 
SO.20 

49.36 
47.36 

ii-:: 
41:st 

E:E 

;:%i 
34:53 

Efl 
XL91 

E::: 

%d 
18.89 
17.33 
15.29 

16.46 

:t:t: 

s&g 

63134 

“63.g 

63144 
63.30 63.40 
63.14 63.24 

62.22 62.32 
60.09 so.16 
47.66 47.94 
46.73 46.62 
43.7s 43.66 

67.29 65.37 66.87 
67.50 65.70 66.01 
67.55 S5.77 66.10 
67.66 68.57 66.02 
67.31 66.46 66.61 

27.77 
24.10 

:i*:t 
16: 52 

:% 
65: 11 

E% 
63:Sl 

62.40 61.29 
IS.95 48.91 

42.03 
40.43 
38.96 

~:9~ 

55.34 3S.42 
34.32 34.40 
32.60 32.66 
g.la; $.o$ 

24.69 24.55 
21.46 21.64 
IS.38 IS.46 
;y; up& 

27.22 
23.67 

:s 
15145 

14.04 15.v9 
16.36 16.40 
14.79 14.64 
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F. HUBERT, R. BIMBOT, and H. GAUVIN Ranges and Stopping Powers for Heavy Ions 

TABLE I. Stopping Power and Range for Heavy Ions 
See page 8 for Explanation of Table 

267 
RABGE I1 UBITS OF HG/SQ M LU 101s 

103 

WA BE 
8" 12 

m AL SI CA l-I at FE 11 aJ GE SE SR m a0 nn 
4 13 14 20 22 24 24 28 29 32 34 38 40 42 46 4" 

*+.*****+~**+*.+..,*~~.*.**~~************~**.*****.**.*.*****.**.*~*.**.*.******.*.**~~***..********~.**.~~.*~.~*~*.***.~***.*.*..~~ 

$$ 8.680 7.230 7.804 8.360 7.189 7.971 10.882 8.964 9.934 10.943 8.930 9.944 IO.788 8.770 9.794 10.437 12.733 11.811 13.944 11.270 12.639 11.827 13.271 14.444 12.230 16.148 13.728 12.480 16.883 14.224 12.970 14.421 18.179 13.900 16.870 17.335 17.995 14.370 14.240 14.946 18.887 18.?07 16.140 18.977 17.131 16.391 19.369 17.448 16.864 18.140 20.264 18.290 18.471 20.632 
t:: 8.373 8.947 9.466 8.722 12.734 11.813 11.942 i2.911 12.716 11.768 14.898 13.826 16.209 14.449 16.971 17.249 17.868 14.619 18.466 17.087 19.138 17.877 2Q.489 18.934 21.310 19.877 22.137 20.448 20.741 22.461 21.197 22.949 22.267 24.182 24.394 22.4S9 

6.0 9.627 10.179 13.862 13.876 13.998 16.90 17.874 18.649 19.174 19.800 20.689 22.016 22.910 23.789 24.124 24.701 29.063 28.244 
6.6 10.114 10.898 14.670 14.839 14.818 17.018 18.890 19.819 20.482 21.129 21.988 23.621 24.488 26.417 25.770 29.404 27.884 28.064 
4.0 10.714 11.417 16.492 16.804 16.670 18.070 20.101 21.082 21.780 22.449 23.391 26.014 28.060 27.027 27.399 28.087 29.687 29.669 
4.6 11.323 12.337 14.417 18.774 14.628 19.126 21.313 22.343 23.074 23.784 24.791 29.499 27.803 28.427 29.018 29.767 31.449 31.439 
7.0 11.942 13.081 17.349 17.760 17.4a9 20.183 22.628 23.804 24.389 26.077 28.188 27.981 29.161 30.220 30.426 31.418 33.238 33.407 

1o:o "94 

13.22 14.63 19.24 19.72 19.43 22.31 24.94 24.14 29.94 27.71 28.98 30.94 32.24 33.40 33.84 34.73 39.74 39.93 
37.06 38.01 40.23 40.44 

16.91 14.64 14.02 17.66 23.11 21.19 23.78 21.73 21.40 23.41 24.40 24.47 29.92 27.43 31.28 28.89 32.22 29.68 30.36 33.02 31.80 34.43 34.92 33.92 36.34 38.47 38.68 39.79 40.28 41.39 43.12 43.94 
11.0 17.32 19.11 26.11 26.84 26.46 28.88 32.46 33.90 34.90 36.72 37.60 39.94 41.42 43.02 43.64 44.71 47.23 47.61 
12.0 18.79 20.71 27.16 27.99 27.64 31.14 36.02 39.66 37.41 38.46 40.40 43.01 44.80 46.28 49.82 44.09 60.76 61.08 

:s 
2s:o 

23.48 32.23 26.74 34.92 33.62 46.00 34.84 44.68 34.04 46.72 38.16 50.64 42.99 67.14 44.77 69.34 46.99 60.81 49.88 81.74 49.34 86.11 89.02 62.43 71.80 64.80 66.29 73.83 68.90 74.66 58.43 78.60 81.61 80.17 42.01 al.06 
42.10 46.09 67.62 69.40 68.42 94.18 72.41 76.02 79.73 77.71 82.01 88.78 SO.18 92.62 93.32 96.70 99.90 101.21 

2: 86.06 63.08 88.28 64.22 71.06 86.68 73.86 88.71 72.13 84.79 78.70 94.18 108.18 88.78 109.83 91.79 111.81 93.74 112.78 94.73 119.12 100.02 106.86 126.88 109.72 130.40 133.33 112.38 134.28 113.24 137.49 114.03 142.64 120.72 146.00 122.64 

40.0 78.03 61.23 101.00 104.72 102.38 110.69 124.82 128.60 130.91 131.84 139.28 148.78 162.21 166.41 168.41 180.04 146.44 18a.ba 
46.0 91.98 96.06 117.36 121.47 118.87 127.90 144.06 148.34 161.00 161.88 180.48 188.93 176.10 178.64 179.41 183.98 189.70 193.24 
60.0 104.83 109.71 134.68 139.62 138.23 148.09 194.44 149.20 172.04 172.8? 182.86 192.12 199.04 202.74 203.86 x)8.32 214.79 218.97 
66.0 122.69 125.19 162.48 168.23 164.43 185.12 146.77 190.98 194.08 194.79 206.81 214.32 224.02 227.97 229.10 233.99 240.89 246.73 
50.0 139.23 141.48 171.68 177.80 173.44 184.98 208.00 213.87 218.98 217.81 229.91 241.49 249.99 264.18 266.34 240.86 247.98 273.60 

tz 176.0 168.7 168.6 1713.3 211.7 191.3 219.4 198.2 193.3 213.9 227.1 206.4 231.1 266.1 237.3 291.7 266.6 240.8 241.3 246.9 264.9 280.9 294.7 247.4 304.8 274.9 309.6 281.4 310.7 282.6 318.9 288.3 298.0 326.0 332.0 302.2 

80.0 214.1 214.1 266.0 294.1 267.3 272.3 306.8 313.2 317.3 317.4 336.3 361.6 363.4 348.6 389.7 379.7 386.5 394.2 
90.0 264.2 264.7 301.2 311.9 303.7 320.4 369.3 387.9 372.6 372.2 393.1 411.8 426.4 431.0 432.2 440.1 460.1 440.0 

100.0 301.4 298.0 360.2 362.6 362.8 371.3 418.1 426.7 430.7 430.1 464.2 476.4 491.1 496.9 498.1 604.9 617.8 629.2 

160.0 648.1 661.6 633.7 466.2 937.0 994.8 742.9 768.0 786.0 781.7 803.9 839.6 808.2 873.6 874.4 887.7 903.4 923.0 
200.0 894.1 869.0 973.9 1008.6 978.6 1016.1 1133.1 1164.6 1192.7 1166.4 1219.2 1282.4 1304.0 1319.9 13.19.9 1338.4 1362.8 1387.4 
260.0 1276.3 1210.2 1380.1 1406.6 1388.8 1412.1 1676.0 1807.6 1811.8 1699.6 1487.8 1738.8 1798.9 1823.8 1821.9 1848.9 1864.4 1909.8 
300.0 1894.9 1698.9 1786.9 1846.3 1798.8 1848.7 2080.8 2110.7 2104.9 2089.8 2201.8 2241.4 2337.6 2376.4 2371.4 2408.0 2408.3 2481.0 
360.0 2166.4 2020.3 2244.2 2320.7 2243.4 2319.9 2684.6 2866.0 2934.3 2911.8 2766.4 2824.4 2919.4 2989.1 2982.7 3009.2 3001.4 3094.6 

400.0 2448. 2470. 2737. 2827. 2768. 2422. 3142. 3234. 3201. 3170. 2344. 3423. 3638. 3699. 3690. 3947. 3931. 3744. 
460.0 
600.0 

;+t8: 2946. 3264. 3342. 3280. 3360. 3729. 3842. 3798. 3767. 3943. 4063. 4189. 4242. 4260. 4318. 4293. 4430. 
3443. 3798. 3921. 3829. 3903. 4343. 4478. 4418. 4371. 4409. 4711. 4849. 4964. 493s. 6017. 4984. 6143. 

. . . . . . . ..*.....~...~.............~..~..........*...~........**.....~~..........*......~........*...~~..............~................ 
E/A sn TE aA LA Fa .sn Go 80 RI LU TA w. IR AU FE 91 18 

60 62 68 67 69 42 44 87 89 71 73 76 n 79 82 83 93 S2v 
..,.......~.....,,.,...~..,......~...,,..~...,............,...,................~......~...............~...,......,.......~.......... 

2.6 17.06 17.87 19.04 19.39 20.09 21.08 21.88 22.46 22.90 23.36 23.80 24.28 24.74 26.19 26.74 26.97 27.80 28.38 
3.0 19.42 20.18 21.62 21.88 22.68 23.73 24.41 26.34 26.84 28.3a 24.89 27.42 28.01 28.49 29.10 29.30 31.27 31.90 
3.6 21.B2 22.47 23.84 24.14 24.90 28.18 28.94 28.01 28.68 29.17 29.74 30.31 31.01 31.62 32.17 32.34 34.47 36.13 
4.0 23.71 24.44 28.04 28.36 27.10 28.61 29.34 30.63 31.16 31.80 32.42 33.04 33.82 34.37 35.06 36.24 37.48 38.18 
4.6 26.74 26.78 28.14 24.44 29.22 30.74 31.44 32.96 33.81 34.32 34.98 36.84 36.61 37.10 37.01 37.99 40.38 41.09 

6.0 27.71 28.84 30.23 30.61 31.28 32.92 33.88 36.29 36.00 39.78 37.47 38.18 39.10 39.73 40.48 40.86 43.14 43.91 
6.6 29.44 30.87 32.26 32.62 33.30 36.04 36.08 37.68 38.32 39.16 39.89 40.82 41.83 42.29 43.07 43.24 46.84 44.89 
8.0 31.66 32.84 34.26 34.61 36.30 37.14 38.22 39.83 40.41 41.48 42.27 43.03 44.12 44.81 46.82 46.78 48.62 49.36 
4.6 33.43 34.44 39.23 34.49 37.27 39.21 40.36 42.06 42.87 43.79 44.81 46.40 46.64 47.28 48.13 48.29 61.14 62.01 
7.0 36.31 34.80 38.20 38.43 39.22 41.29 42.44 44.26 46.10 49.07 44.93 47.76 48.97 49.73 50.80 50.74 63.74 64.43 

8.0 39.04 40.70 42.10 42.31 43.11 46.33 49.44 48.81 49.61 50.68 61.62 62.40 63.74 64.66 66.60 66.44 68.84 69.81 
9.0 42.78 44.68 44.00 44.18 44.97 49.39 50.80 62.93 63.90 66.06 64.08 67.00 68.44 69.33 90.34 90.48 93.92 84.94 

10.0 44.49 48.48 49.89 60.06 60.86 63.44 64.96 67.26 68.27 69.61 60.69 41.68 83.18 64.09 66.17 86.29 68.97 70.04 
11.0 60.23 62.39 63.81 63.96 64.73 67.60 69.12 81.67 42.44 83.97 86.12 48.14 87.88 iB8.84 89.98 70.10 74.01 76.16 
12.0 64.00 64.32 67.78 67.88 68.44 81.69 93.31 66.92 87.04 88.44 89.88 70.74 72.64 73.69 74.81 74.92 79.08 80.28 

16.0 46.63 08.36 89.79 49.82 70.67 74.04 74.06 79.11 80.37 82.02 83.44 84.70 88.82 88.00 89.44 89.62 94.37 96.73 
20.0 86.68 89.26 SO.71 80.41 91.28 96.80 98.13 101.88 103.37 106.42 107.17 108.87 111.31 112.73 114.66 114.6a 120.83 122.29 
26.0 108.80 111.36 112.82 112.67 113.09 118.32 121.38 126.80 127.60 129.94 132.04 133.78 138.93 138.64 140.80 140.78 148.07 160.03 
30.0 129.20 134.87 138.14 136.73 138.10 142.23 146.81 160.93 162.84 166.87 168.11 140.10 183.77 146.40 148.27 148.20 178.78 179.06 
36.0 162.78 169.21 140.48 180.10 140.29 187.36 171.46 177.28 179.38 182.92 186.41 187.44 191.83 193.88 197.00 198.87 209.77 209.38 

%:"o 177.6 203.4 184.9 211.9 188.4 213.3 186.8 212.3 186.8 212.1 193.7 221.1 Isa.3 224.3 204.8 233.6 207.1 234.0 210.8 240.1 213.9 243.4 214.4 248.4 221.1 261.8 223.3 264.0 268.1 227.0 224.8 267.9 238.0 270.8 241.0 273.8 
60.0 230.4 239.9 241.3 240.2 239.7 249.7 266.6 243.4 244.1 270.8 274.6 277.6 283.3 286.8 290.5 290.2 304.4 307.9 
66.0 268.4 249.1 270.4 299.1 248.3 279.4 286.8 294.4 297.3 302.2 304.6 309.7 314.1 318.8 324.1 323.7 339.3 343.3 
80.0 287.6 299.3 300.4 299.0 298.0 310.1 317.1 328.6 329.4 334.9 339.4 343.1 360.0 362.9 368.8 3S8.3 376.6 379.8 

86.0 317.4 330.8 331.9 330.1 328.7 342.0 349.4 369.7 393.0 368.7 373.8 377.8 386.1 388.2 394.8 394.0 412.8 417.6 
70.0 348.8 392.9 384.2 392.1 380.4 374.8 383.0 393.9 397.4 403.4 409.1 413.2 421.2 424.6 431.6 430.8 461.3 464.3 

1oo:o %: 

413.9 430.4 431.7 429.2 428.7 443.6 463.0 496.4 449.3 476.4 482.8 487.4 498.4 500.2 608.6 607.8 631.6 637.3 

482.8 666.1 602.2 677.4 503.1 678.2 500.0 674.6 494.8 670.6 614.0 692.2 904.6 624.9 820.1 640.8 646.1 824.7 663.2 933.7 441.9 560.4 647.7 646.6 869.6 678.1 679.9 993.4 689.4 473.4 688.4 414.0 704.6 822.6 711.9 474.7 

160.0 997.2 1006.1 1004.7 897.8 988.6 1024.4 1044.3 1048.4 1076.1 1089.2 1102.6 1111.4 1130.0 1136.7 1162.1 1203.8 1216.7 1164.8 
200.0 1462.9 1609.0 1607.4 1499.4 1480.6 1632.4 1641.2 1694.4 1403.1 1422.9 1842.0 1464.4 1880.8 1488.0 1716.4 1711.7 1774.4 1804.1 
260.0 1998.9 2074.4 2078.8 2081.4 2037.3 2107.3 2143.8 2187.3 2198.6 2223.1 2260.2 2246.1 2298.6 2309.8 2347.8 2341.8 2410.6 2441.3 
300.0 2696.7 2992.8 2702.3 2484.3 2461.0 2739.4 2779.4 2834.4 2a43.8 2877.4 2914.4 2930.8 2971.7 2Sa8.2 3037.0 3028.8 3103.1 3174.8 
360.0 3238.8 3364.8 3373.8 3363.4 3310.8 3411.9 JQ81.8 3628.8 3537.4 3679.3 3826.8 3944.4 893.1 3714.8 3776.6 3794.8 3946.0 3942.2 

400.0 3917. 4081. 4381. 4400. 4467. 4484. 4667. 4930. 4762. 
460.0 
500.0 

4631. 3. go;. g3;: 6172. 6193. 6268. .5;5g. 6374. :Ei:. 6464. 6801. 
6374. . 6412: 6916. 6994. 8018. 4092. . 4229. 4211: 6312. 9486. 
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