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¢ Scattering Experiments with RIBs — Nuclear Structure Results

= Experimental evidence for closed-shell nuclei
= Scattering experiments at relativistic energies
= Projectile-like identification (Z, A) and scattering angle 6
= Doppler-shift correction of the emitted y-rays
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Physics with Exotic Nuclel
Experimental evidence for magic numbers close to st

Table 1 - Nuclear Shell Structure (from Elementary Theory of Nuclear Shell Structure,

: Maria Goeppert-Mayer & J. Hans D. Jensen . John Wiley & Sons, Inc., New York, 1955.) 2
5. Raman et al., Atomic Data & Nuclear Data Tables 78, 1 e % '
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Physics with Exotic Nuclel _
Experimental evidence for magic numbers close to st

5. Raman et al., Atomic Data & Nuclear Data Tables 78, 1
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Nuclei with magic numbers
of neutrons/protons

ergy of 2 (MeV)

high energy of 2,* state

low B(E2; 2,*—07) values

transition probability measured in
single particle units (spu)
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» ~2400 % more tracking efficiency
» good A/Q resolving power
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Scattering Experiment at Relativistic En '
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fragment

Rutherford scattering only if distance of closest approach D,
Is large compared to nuclear radii + surfaces:

D, >C,+C; +5 fm
Cp, C; half-density radii

2
Z.e* w (A-1)"  for 1>2
z : -B(74;,0 > A)-
O [hcj e B0 ){ZIn(ba/b) for =1

cross section [mb]

700 .

600

500

400

300

200

100

Pb excitation 2
»7 GDR
/

100 | 150 | 260 ' 250
Eheam/Al [MeV/U]

E* =13.3MeV
B(EL0 —17) =0.55e%h

E" =4.086 MeV
B(E2;0 > 2")=9Wu

E"=2.615MeV
B(E3;,0 >37)=34Wu

FAR ==l




Atomic Background Radiation

10° \ —— 400 MeV/u
' — omevin
> Radiative electron capture (REC) ¥ N
capture of target electrons into
bound states of the projectile:
G~Z?L
»Primary Bremsstrahlung (PB)
capture of target electrons into
continuum states of the projectile:
0~Z?L
» Secondary Bremsstrahlung (SB)
Stopping of high energy electrons

In the target: 5 - Zrz) ,th
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Bremsstrahlung: slowing down of a moving point-charge Energy (keV)



Beam current Target
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Scattering Experiment at Relativistic En

Beam cumrent Target
(SEETRAM) 1gfcm Be TOF E— —| 10a5
% /-l 2—
124Xe, 793MeV/u  Nb foil
0.2 glem?® (\Il'-:.I(
|L||
Deg,ade, Nb foi Lund York-Cologne CAlorimeter
3.9 glem?® Al 0.1 glcm? ' LUND UNIVERSITY ERSISAS 3 I e R 774 “ i ,-i ; University of Cologne
secondary - psssp - diamondiplastic DSSSD exp. observables:

197Au target Z A 0

(X,y,AE)

%,ME)

RIB from FRS
—_—




secondary DSSSD
Be target (x.y.AE)

RIB from FRS
—_——

diamond/plastic

DSSSD
(x,y,AE)

Csl

time-of-flight

Csl

exp. observables:
Z A0




E 3000 F
m-c® = 7En1 ssp L Br isotopes 78 + Kr background |
with B = Ecq + AEpgsn i =)
1 E 1500 |
and y :W 1000 |
c 500 |
with v from LYCCA-ToF ; WAL AR,
= 560 580 600 620 640 660 680 700
maszs [a.u.]
SoonCery  DsssD _diamond/plastic DSSSD exp. observables:
" g NI
RIB from FRS Csl
— > ﬂ
Csl J)

T time-of-flight F(\IFI



PreSPEC target chamber
variable target position (13cm, 23cm)
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8OKr — 97Au, 150 AMeV

| I I L T T T
140 [} lab. frame J
e'e annihilation
120 | 511 kel -
100 I 197y 7/2t—=3g/2* &
547 keV (100 cts.)
a0 | d
ﬁu - -
|
40 - ] \ il I
20 i |
N 1 L 1 1 1 1 1
400 500 600 700 800 900 1000 1100 120
E [keV]

Doppler effect
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Doppler-Shift Correction |

238U on 197Au (386 mg/cm?) at 183 AMeV
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Doppler-Shift Correction
238U on °7Au (386 mg/cm?) at 183 AMeV
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y-ray set-up with higher efficiency w
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High-energy Coulomb excitation |14
triaxiality in even-even nuclei (N=76) U
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First observation of a second excited 2* state
populated in a Coulomb experiment at 100 AMeV
using EUROBALL and MINIBALL Ge-detectors.

» shape symmetry
» collective strength
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Slowed down beams — new experimental pe
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“Reactions with Relativistic Radioactive éia

T iel o 7 '—..—'- ' [_‘-' J_ !
RIE from aclr;ea;;?:nce
sSuper-FRS
P '/dipole magnet

- Target
« Tracker
* Calorimeter

Neutrons

’ ’
R°B Start version Heavy

fragments

Protons

Excitation energy E* from kinematically complete measurement of all outgoing particles

E" = (\/Z m;? + z mym;y;¥;(1 — BiBjcosdy;) — mproj) ¢* + Eysum
i

i#j

FOR =i



3 =

~ e — "'y . ;'__... l_ |
> 16 | ' JRE
mean field calculation 2 M ——GDR+PDR() ]
e 1.4 | . == GDR (fit) i
4 I T I T I T = T E | Ve GDR (systemat ) ]
- w - —
" N1 | = E
w C 1
= 3L El _ Pygmy resonance g 08F | -
L 06 | 3
E L i - | a
— 0.4;— | —;
= 20 8 0.25 =
= 0: i A P U HE R R M
NG.J r b 10 15 20 25 30
— E [MeV]
n 1 \|| - neutron decay data
M,
0 éJM M | direct y-decay

g 10 12
E [MeV]
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- GDR branching ratio:
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