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What is a nuclear iIsomer?

Nuclear Isomer — a long-lived excited nuclear state (T;, > 1 ns)

decays by emission of a, f, y, p, fission, cluster

IQJ The first one discovered by O. Hahn in Berlin in 1921 — decay of 23*Pa (70 s)
Ny von Weizsacker, A. Bohr & B. Mottelson
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Three types of isomers
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energy

1. Shape isomers

flSS | on |Somer (discovered by S.M. Polikanov Sov. Phys. JEPT 15 (1962) 105)

axis ratio 2:1

H. Specht et al. Phys. Lett. B41 (1972) 43

40Py T et e
238U(a,2n)?*9"Pu, E =25 MeV
. E e9—4 E+ iscmeric  fission
fkev] I A2 - — \
988 E T,,=3.8nS
o
%2 44t 5
‘%\Cgé* - L‘WU target
deformation
—==x a
3 i [ ] monitor
Si-ring counter (prompt fission)
2 delayed fission
;‘T _334kev| E,=5.8+0.3 MeV (delay )
> E.=5.45+0.3 MeV D. Pansegrau et al., Phys. Lett. B484 (2000) 1
B D. Gassmann et al., Phys. Lett. B497 (2001) 181
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2. K-1somers

A well-known example:

High-K isomers in 178Hf

K=0

31 yr isomer —
- 16— L
o~ N — \— —
% | - 16 a1 4
= 12— — — T k=16 yro gy
> 2 —_—— NI 9/2[624] 9/2[514]
S L — — s — s 4-qp ,
s . e =g k=6t ] Fermi Surface . _______
1= 88— i
[ 7/2[514] 7/2[404]
N I 2-qp VO Hf

Mullins et al., Phys. Left. B393 (1997) 279

be  be

neutron proton
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2. K-1somers

A well-known example:

2
High-K isomers in 178Hf V8_
31 yr isomer -
- 16— L
~ 3 _ \— S
> - S 16 14
= 12— — — T K'=16" yroqy- ‘
> 21 - — ~ 9/2[624] 9/2[514]
5 F — —— s— 4-qp
L?cj L os— — inz 8- 6k“= & ] FermiSurface ___________
- 7/2[514] 7/2[404]
N I 2-qp VO Hf

K™= 0* ‘ ? ‘ ?
Mullins et al., Phys. Left. B393 (1997) 279 i ! i !

V neutron proton

N
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2. K-1somers

A well-known example:

2
High-K isomers in 178Hf 72'8_
31 yr isomer -
- 16 — L
~ 3 — \— S
% | . 16 o 14
= 12— — — T K'=16" yroqy- ‘
> 2F - = 9/2[624] 9/2[514]
5 L @ — — s— 4-gp
L?cj ) — inz 8 e ] FermiSurface . ______.
B T_ g— A
L — 1 712[514] 712404]
N I 24P VO Hf

Mullins et al., Phys. Left. B393 (1997) 279

be  be

8 neutron proton
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2. K-1somers

A well-known example: (V82_ ®7z82_ )16+
N
4 A
2 2
High-K isomers in 178Hf V8_ 72'8_
31 yr isomer —
— 16 — _
~ — \— —
E | . 16 cimm 14___
= _ . = — k"™=16" yn=q4-
= o ? — — — 9/2[624] é é 9/2[514]
2 | — — s & 4-gp _
k= e~ Kr—g- k=6t | Fermi Surface __________.
L 8=
L ~ K=s 7/2[514] ‘ ‘ 7/2[404]
R — 2-qp VO Hf
o~ 0
Yr_g 4—r 4—r
2 2
Mullins et al., Phys. Left. B393 (1997) 279
02 ®7l)y e be

neutron proton
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REMINDER Magnetic moments in 1/8Hf

2:-0-g,+tg &
g for j=¢+1/2| proton g,=1 g, =>5.59 16* _ g & 2636 keV
=1 2+1
g 2:(£+1)-ge—gs for j=t£—1/2 _ _
2 0+1 J= neutron g, =0 gs = —3.83 v2 7/2[514] 9/2[624]
72 7/2[404] 9/2[514]
g(hyy) =142 9(97,) =049  g(f;,) =-0.55  g(i5,)=-0.29
. . _i' j1'(j1+1)_j2'(j2+1), _
9(ix 2 3)=5-(0:+ 9. )+ 230 1) (9,-9.) |
— @ 8§ _@ PPN
9(Ny1pX g7 8) =1.08  g(f7, X i13,) = -0.36 oo .
2 7/2[404] 9/2[514]
v2 712[514] 9/2[624] B
g(8x8;16*) =036 — u=g-1=576nm 1147 keV
- 2"A E, 24,
7.26+0.16 nm X n

" oo o

N, Or, Vit i,

Helmer & Reich; Nucl. Phys. A114 (1968), 649
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K-1somers: where to find them?

] Deformed nuclei with axially-symmetric shape

Mass 180 re

T
1 T T

gion : Yb (Z=70) - Ir (Z=77)

7/27[523]

0.20

B2 B,
d High-K orbitals near the Fermi surface

TU 7/2[404], 9/2[514], 5/2[402]
V: 7/2[514], 9/2[624], 5/2[512], 7/2[633]

0.25 0.30

0.10 0.15
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3. Spin Isomers

15[z 16)-[184) — 184
o 3032 (4)=
el i
—34—< (8-
A D LN Cpryrety
even 9 ‘s‘,‘ o 3{,5!2 (6)=
“l’——-— li '3/21!;} -{i26)— 126
Se——— (2)-
B
- e 2152 (6=
w < 27 (8)-[00
odd 7 2 %2 uo;-{ .
;_—Ih—f.:'
. 't (12)-{82) 82
Py gt O m— 98Cd
" P 2a32 (4)= 48 50
dhw | pg—e, 972 (8)-(64)
even o 2¢5>2 (6)-
L—iq——~’
‘\‘ ~170 ns —
—uggfz——-—fu-[sol @ 242% 147 E+ 77(99/2) ZJ_8
- Ew e 2281 —=* 6+ )
Bhw — ) — L # " 3, 4
A, 2083 ~ 1198 *
. 72 (8)={28) —— 28 688
2hw (=25 83 (4)-20]—20 1395 —4 2+
g —c - (2)~(I6
EER == e 1952 ‘.61—{:4
X . _ )6 . 1395
e P "me=ip3f2 (4)=[e)
: 0.0 : 0+ B
PO g——— (2)-2] 2 : 7T\Qo/2) 30

Fig.7. Realistic level diagram for protons.

A. Blazhev et al., Phys.Rev.C69 (2004) 064304
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3. Spin isomers

i/ (6)-[184) — 184

-2 -1
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even —Zq _‘sf:u 3{’5!2 (6)= //
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J /
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Fig.7. Realistic level diagram for protons.

A. Blazhev et al., Phys.Rev.C69 (2004) 064304
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Physics with exotic nuclel
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Production of adioactive on eams

&
’—; ‘—> ‘:fV Fragmentation

in ~20% of all cases the fragment is excited

Be target

primary beam

time-of -flight through the fragment separator FRS ~300 ns

Isomeric states can be investigated!
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Longer lifetime for bare atoms

200|:)Jc

typ=14.3ns =——— 1T, ,=143us E————— 10 CONVersion electrons
o, M -

(7728 1618 LN oo
5- 567. }

S W [ temm|268.

Lrmos. | K| o—e-
+ ,.50)
2 868.
& y-spectrum after ~300 ns ToF
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Experimental set-up for isomer decay

Atomic Number Z

42 |

a0 |~

38

2000800 ns .

05 1 1.5 2 25 3 3505 1 15 2 25 3 35

(A-2q)/2 (A-2q)/2

R. Grzywacz et al., Phys. Rev C55 ,1126 (1997)

®
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Experimental set-up with passive target

IISZII IIS4II

= variable
G (10Cd)~150 pb | e ot ight J heasyenen_jdegrader]
measurement i
4 g/cm? Be
e

15 Cluster detectors with 105 Ge crystals
g, = 11% at 1.3 MeV, 20% at 550 keV, 35% at 100 keV

40

— X v detection efficiency]
;N" T
- 30 :
g || DGF
g Il \'h“\ TDC
R INE L.
&
E b
g 10
i MSU ? ......... GSI
oLt A N
0 200 600 1000 1400

y-energy [keV]

@ very high y-ray efficiency
@ high granularity (prompt flash problem)

|mplantat|on in Cu-plate

S. Pietri et al., NIM B261 (2007), 1079
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Limitations in isomeric spectroscopy
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Identification of 13°Cdg,

production selection & identification stopping
_"Szu "?4" variable
60, ((%Cd) ~ 150 pb fime-of flight J :ﬁ ement dEQTrader
i measurement s
4 glcm? Be
> D m T O e | e
136 LU e, R 208
750 MeV/u '
h AE
fragment beam , -= spectroscopy

49r

481

mmm) 4000 identified 13°Cd ions
in fragmentation

47+

|' ‘ ..:- .‘ : oo T". : .tf .
261 2.63 267 267 2.60 271

Alq

46 °
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Limitations in isomer spectroscopy

130Cd: DGF-timing

15
slowing down of a
moving point-charge > 10
=
>
>
()
D o5
0.0 Y Jl[: 2a8=
DGF time (arbt. units)

/
Prompt y-flash

Decay time range: 20 ns ... 20 pus

A. Jungclaus et al., Phys. Rev. Lett 99, 132501 (2007)
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Decay spectroscopy probes shell closures

130Cd: DGF-timing

1.5
40 - 2
539 =
> 30r & |
3 3 °
g |18 - =
20t 0 400 800 1200 1325 g
g Time (ns) 9
2 c
) w 0.5
200 400 600 800 1000 1200 1400 00 _ il
Energy (keV) DGF time ( arbt. units )

Prompt y-flash

Decay time range: 20 ns ... 20 pus

A. Jungclaus et al., Phys. Rev. Lett 99, 132501 (2007) |
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Decay spectroscopy probes shell closures

40

539

tad
=
1
Counts per 100 ns

128138

100 800
Time (ns)

20 0

Counts per keV

200 400 600 800 1000
Energy (keV)

1200 1325

1200 1400

A. Jungclaus et al., Phys. Rev. Lett 99, 132501 (2007)

(&) . 2207 g
(6%) -=- 2094 6
(4F) =" = 1589
339
(2+) e = - —_— 2
1325
|_].+ ;-———— ()

30Cdg,  SM

No Shell quenching observed
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8+(g9,2)'2 seniority isomers in ®Cd and 13°Cd

£

Sllll Snll2 &11! Snll4 Sall5 Salld Sall7 Salld 5Sall® Sal2 %I.L!hl
- X
L L
II]B 11115
AAIEHEy
W "

E:

F - * * - * * * - * * - * * * - -

43 - ! B [ s s B = = = o=

Cdlll Cdll? Cdll3 Cdlld : ?
TTR+IS y

.’55

| (8 —2428 Pz 26 e
(6) ds/2 2.2
EC (4" 2281 Si/ 1.6 (8:) 2128  |Bn
N=50 2083 ds/2 05 ®)—mp  N-82
Z=48 97/2 N=50 1864 Z=48
(2%) ot participating neutron-orbitals (2% -

two proton holes in the gg, orbit

0 No dramatic shell quenching!
+ 0+

A. Blazhev et al., Phys. Rev. C69 (2004) 064304 A. Jungclaus et al., Phys. Rev. Lett. 99 (2007), 132501
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CG \ il - I 11T I
© i"ll i \ ||:_:-|*'_ I
% ]lfl'] ( ~ CIITTITET
Q \ IIIII:::::: ‘II
g ]l-]'2 \ |||||:IIII “
U) I
8 [ITTT
Sifmen | 1 :
o | pronounced shell gap - «‘
¢ W shell structure quenched (i _
120 140 160 180 200 o -
mass number A :
7=50 L E 15 N=126
= 130Cg
O 1 IHIII
e P =82| r-process waiting point
N=50

Assumption of a N=82 shell quenching leads to a considerable
improvement in the global abundance fit in r-process calculations !
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Bi209
02

100
Pb207 | Pb208

1/2-

M. Rejmund Z.Phys. A359 (1997), 243

Pb210
223y

0+

L evel scheme of 219Pp

£ 51;}!

Pb209
32530

300/ g 2.538
?g}'.a?

30, /; = 1567
1 = 1423

T g e @0 779

gy, ——@—@— 0 000

92+ exp. single particle energies

7 191
2032

)airing energy)
esidual interaction !
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|_evel schemes of neutron-rich Pb-isotopes

PhL205 Ph206 PhL207 PhL210 | Pb211 | Ph212 | PhL213 | Ph214 PL215 | Pb216 | Pb217 | Pb218
153E+T vy 23y 36.1 m 1064 10,2 m 6.8 m 36 s
s2- S n 0+ 02+ 0+ (9724 0+ G124)
EC 241 21 Bt B- B B- B- B
< >
Jo/2
210pp 212pp 214pp 216pp
t,,=0.201(17) s t,,=6.0(8) s t,,=6.2(3) s t,,= 0.4(4) us
(3+) —————————— X
. 1978 (8%) x (8)— X —.—.—1459
S —m—1i0s (61279 (67) —— 1365 4+ 1289
S ' 4+ 1179 i
e A e e B 2
298 36 344 2
2+ 800 (2 Ta% 2 —‘;835 ‘
800

0+l0

0 0

0* O

0* 0
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T=1 isospin symmetry In pf-shell nuclet

218(4) ns 525(10) ns
6457 146 10* 6527 146 10% _
6311 g+ 6381 g

-

3241 3386 3432 3578

3071 S
2620 - 451. 4%

.

1227
1392 2*

decay of the excited 10*-state by
proton emission and y-radiation

-

54Fe / 54N| T[/V (f7/2)-2

D. Rudolph, R. Hoischen et al., Phys.Rev.C78 (2008), 021301
[ ]
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Identification of 24Ni

N | =5 m|II|0n 54 N| ions _ _
< 28 -
a “°r i s
g b il _
= F 600f £
c 5 : '
S 3 | | e ]
O 261 £ 0 : e . ———
o So00f
SO & § o cut 146 keV
' | —— Ik S
1.85 1.95 o |
A/Z 2 O-H.,..._I_L .
= 10}
8 i cut 3386 keV
of
gate on >*Ni 500 1500 2500 3500

50ns<t<1ps Eqpiied)
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The big surprise ...

Delayed y-spectrum for >*Ni (50ns-1ps)

|
- |
o |
< 1000
c
© I
- |
= | B
8_ 0 3 3 ' 2 8 g
L 0 background
e =<
= | e N~ subtracted
< NN <
@] - LR - ™
O . ~30000 entries &
op —

200 7 1500 Ey(keV) 2500

Where does the 1327 keV line come from ???
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Active target

p-calorimeter
10 mm Si B-calorimeter :
implantation 10mMMSt 0 ociion

2.1 mm Si 0.6 mm Si
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Spectroscopy of the doubly magic nucleus 19°Sn and its decay

N=Z-1- N=Z N=Z+1 N=Z+2 -

259 1905n o P 1T,

9Sn

-

] 97Ir}>-

9BCA S
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Gamow-Teller Strength and Q. value in the B-decay of 19°Sn

Single particle energies for shell model orbitals in 109Sn

single particle energy [MeV]

o

&

—
(=]

—
w

e}
(=]

N
o

Gamov-Teller transition in the 199Sn region

} ts-coupling ~6 MeV

99/2 .
P1/2
— +
P32 EC/P h1172
d3p
f51|’2 ——— - o S'”2
B ======= 712
5/2
f712
99/2
P1/2
= — P32
—_— f5p
protons neutrons

B*: Q=M(Z+1)c?-M(Z)c?-2m,c?
EC: Q=M(Z+1)c?-M(Z)c>-BE(K-electron)

B* decay
(—

EC-decay

e

e
o

m

2 3

4 5 6 7 8
excitation energy in 1®In [MeV]

Gamow-Teller-Strength Bg

% 100Sn s an ideal testing ground to investigate GT-strength:

pure GT spin-flip transition:  0* =) (nggy,* vg7p,) 1*

% Almost the whole strength of the GT resonance is covered
by the energy window of the *-decay

Theoretical calculation of the distribution of the GT-strength:

97% of the whole strength is concentrated in a single state,
which is accessible in the p*-decay

NVg7/2
BGT(ESM) = : (1 - > ° Nr[gg/z = 17.78

2¢+1 8

with €=4 Nyg,=0 N,ge,=10
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Gamow-Teller strength and Qg value in the B-decay of 1%9Sn

18__ Red curve: result of MLH analysis _

10 T;,=116+0.20s | The Gamow-Teller Strength B (only one final state populated)
\ _ can be calculated from the half life T,,, and the Fermi Phasespace
) Integral f(Z,E,):

counts / 200 ms

] FLE) T, = 2m3h7 In2
i S my5ctGp® gv? - IMp|? + ga? - [Mgr|?

;) " S00 1000 1500 2000 2500 3000 3500 GF/(hC)3:116637(1)10-5 Ge\fz, gA/gV: 1.2695 £ 0.0029

time [ms]

8 : : : 1 ‘ - 6142.8s

Z,E)) T,/ =
1005 1 fZ.Eo)-Tuyo Br + (9a/9v)?* - Ber
B spectrum

" ["{- Result of MLH analysis | o
In the case of a pure Gamow-Teller decay the transition strength

can be calculated in the following way:

counts / 120keV

2 4V ] 3811.5s +
j N Ber = =0.1 _gg
Al Al FZE) Ty, -
NV E, =3.29 £ 0.20 MeV N
0 ' 1000 ' 2000 3000 Fermi-integral with LOGFT program NNDC

beta energy [keV]
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