Recent isomer spectroscopy
experiments at the FRS

Margareta Hellstrom
GSI-Darmstadt

for the

GSI-FRS Isomer Collaboration

e [ntroduction
e Experimental method
e Preliminary results
e QOutlook



What can isomers tell us?!

A
__________ isomer T12(isomer) is “long”
im"fa%fi'ate The initial and final
eat states are different
staes (AE, Al, AK, AB, ...)
[ decay is hindered
ground
state
EXPERIMENTAL:

» mere existence!

> properties: E*, I, T4/

» decay mode(s)

> intermediate levels: E*, 1™, lifetimes, ...

THEORY:
» single-particle energies
» configurations
» interaction strengths

» deformation
> ...

“FUTURE”:
» Coulomb excitation of isomers
» interaction cross section gives radii
» fusion-evaporation using isomeric beams
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Ge-detectors and catcher




FRS setting optimized on 130gh
732 A-MeV U + ?°°pp
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2.54 2.58 2.62 2.66
Mass-to-charge ratio A/q

Microsecond isomers: known & new



Identifying an isomer:

129
S

n

Gamma-ray energy [keV]

300 [8

200

Q000

SH_hERY
MUXAAOD_7(5)
an b G
E LM
E G0 7 ML
[l
n b ]
8 e
...9 wf ]
©
c [ o —
U=
-
© |-z g
[
O |} |
=
8
ok ]
(ID_
X
sk ]
100 ———
250 255 ] 265 270 275 " _L_’/_,’dD
Mass-to-charge ratio A/q
2TMN-2002 1813 2002 isenar SN_NpA4____sDEP: Piot. # LB
a - Frame |
. J EGTCTE NS, 1)
L5GPECTRUM]
LIMITE
Ei) GO0
¥ VE 1 180G
1260 E 1#¢ BINGIZE el
DISPLAY
B0
15553;
25363
1000 f ¢

[4] 10000 QOO0 A0000 BOOO0
Gamma-ray time [ns]
27-NOV-2002 18144 2002 isomer compaign GN_NP44____sDSP: Pict. # 39
Frare 1 TCUTBl
Eéégaéwurﬂ
- BINE1ZE
SPH{TR\M DlEZLA‘f
nEEE, g
A
T ¥ 1500
GO0 382
oy 570
400
& bg
S
00T
3
ol 1136
1324 bg
bg
100 F
o 1 1 L L 1 ri
200 400 BOG 800 1006 1200 1400
Gamma-ray energy [keV]



400 500 600 700 800 900 1000 1100 1200 1300 1400
y-ray energy [keV]

Sn-129: 570 keV
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Decay time [ns]

19/2*, 3.6(2) ps and 23/2*, 2.4(2) ps

J. Genevey et al., Phys. Rev. C65, 034322 (2002).



Even-A indium isomers
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Odd-A indium isomers
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Odd-A cadmium isomers
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Summary & outlook

e |somer spectroscopy program at the FRS since 1996

e Projectile fragmentation and fission at ~1 GeV/nucleon produce
isomers with ~10% probability

e Majority of ions are fully stripped (75% in Pb region, 95% at Sn)

e Time-of-flight through the separator ~300 ns — isomers with
half-lives 100 ns — 100 ms are accessible

e Unambiguous identification of heavy ions in-flight,
delayed y-rays measured by high-efficiency Ge detectors

e Highlights so far:

o 1996: very n-rich Pb and neighbors

o 1999: K-isomers at A~180 & "*2Sn region

o 2001: mechanism study, technical development
o 2002: "*23n region, p-rich Pb, n-rich Th/Ac

e ESR mass measurements of fission fragments (also isomers):
started in 2002

e Further experiments are planned with RISING stopped beam
configuration (2005-2006)
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