Isomers and intermediate-spin states of ]»j
93,95,96Rb G r eneb e

Gary Simpson LPSC Grenoble

Subatomique et de Cosmologie

*Experimental techniques
Delayed y-ray spectroscopy
at neutron guides
*Prompt-fission studies with
large arrays

Summary of Recent Results

Excited states in °3:95%Rb
eFuture projects at JYFL




Lack of data on single-
particle orbits outside ’8Ni

— Vh11/2

Can extract this information
from multi-quasiparticle
Isomers but expected
T1,,<500 ns

Rb nuclel good candidates
to search for such isomers

Can ’8Ni be used as a
closed core?

Can the shell-model
reproduce the onset of
defomation?
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Use different instruments

FIFI (FIssion Fragment Indentifier)
Spectrometer (Manchester) at PF1B
neutron guide
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Compact array of
15 Ge crystals,
each ~60 % rel. eff.
(UK-France loan
pool + Cologne
Cluster)

Lots of shielding



Use known isomers to calibrate mass of
complementary fragment measured by FIFI
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Can see and mass-identify several new isomers
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Isomeric half lives obtained
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Gate on strong, delayed lines in 48Cm data
-see same lines as In FIFI data set + new ones
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X rays give Z of complementary (Pr) and
hence Z of isomeric fragment (Rb)
So isomer belongs to %°Rb



(29!2,3];’2)5]5\9.2 Further gating
° gives the
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Results in agreement with

PHYSICAL REVIEW C 80, 037304 (2009)

High-spin states in °'*>%Rb and '55-3Pm

J. K. Hwang,! A. V. Ramayya,' J. H. Hamilton,' S. H. Liu,! K. Li,' H. L. Crowell,' C. Goodin,"

Y. X. Luo,!2 J. O. Rasmussen,? and S. J. Zhu!+?
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New decay scheme
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PHYSICAL REVIEW C 79, 064318 (2009)

New neutron-rich microsecond isomers observed among fission products of 2**U at 80 MeV/nucleon

C. M. Folden IIL.%" A. S. Nettleton,’> A. M. Amthor,> T. N. Ginter,! M. Hausmann.! T. Kubo,?
W. Loveland,* S. L. Manikonda,’ D. J. Morrissey," T. Nakao,*” M. Portillo,! B. M. Sherrill,'2
G. A. Souliotis.® B. F. Strong.® H. Takeda,” and O. B. Tarasov!’
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Shell-Model Interpretation
by K. Sieja (GSl/Strasbourg)

CD-Bonn potential, G-matrix renormalization
Antoine code (m-scheme)
’SNi core

TC 1f5/2, 2p1/2, 1p3/2’ 199/2
A% 2d5/2, 351/2, 2d3/2’ 197/2’ 1h11/2

Up to 7 p-h excitations from Z=38, N=56



E exc
(MeV)

Shell-model Interpretation
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Why does the isomeric lifetime go from 100 ns to
100 ms when going from 2°Y to 97Y?

ds;p ——
4 Sijp —* neutrons
97/0 —*—
dgp —=—

2 r h11!2

ESPE (MeV)

ds,, is full, now filling s;,, — 27/2- isomer ~1 MeV
lower Iin energy and cannot decay to 23/2

Is there an equivalent 27/2- ms isomer in 2°Rb?



(2932, 3127 LI

N

H& = ry
4 b =y

(272°) 011 T g5
400167 T e

st 7 / 12327 TR
5u'|| £ GHZ.2

£
TRAT k] " 3
(232 ) 5398 [ IMEE ctaman & pmg
55!“ 2127 4075.9 w
. 4070 o & ~ 35
- I . i / (27/2-) %@ SRS . 3522.6 142 ms
(2127 37757 (21/2+) & > o ® 3360.3 <¥ mn
| T61.7 \ x@v&?@ NN SW D g / 3163.3
461.5 oF o ST QT VOV T Ty T, T 2965.3
a2y | 33142 r L I S oD N YD <2 ns
1927 3314.2 1 SI-GEIN o oy Sy FV— == = 27482 _4 nq
172 3424 ¢ _ O SR TP D e S — ny ny G =
L= M9m M\\  IRESCCE IR SN S < s
AN 1 DAL T 2501.5
/ K '&%\E&vg SN oo \2475.0
050.] o — $w%—®%fta;%ﬁ?_—@ 2116.1
f Y ?Tq:é,%g?—\m:ﬁ.g
N . : : .
132 2171 el ¥ SRS N \\—E;’Zj <2 ns
T : 2
- jdjﬁlﬁ'*"" / : \1336.0 <3 ns
s ) [} 200 (9/2)+ v 667.52 1.17 s
| 085.E
402
=8 )
b N——UE R FEEIFIY 30Y5s
lg sp- & 2607 '
40lE 527 w | E26E
) [ &5

GEST
Ii2~ l -




Problems with the interaction

-recently shown that 78Ni is not a good inert core
for Cu Isotopes

PHYSICAL REVIEW C 81, 061303(R) (2010)

Shell quenching in "*Ni: A hint from the structure of neutron-rich copper isotopes

K. Sieja and F. Nowacki
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Challenge for the shell model
-shape coexistence

Deformed
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The Lohengrin Fission-Product Spectrometer
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%Rb ion of interest Preliminary Results
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Previous studies in this area used beta-decay which
could only populate spherical s ,, d,, and g-,
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Combination of Eurogam Il and Lohengrin data
Observation of 3 different shapes in °%101Zr and ¥’Sr
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v9/2[404] was assigned to these states from
Partial half-lives of decays to known states -gives spin 9/2
Angular correlations between states of known spin.

An assignment of 7/2 was rejected from branching ratios of transitions
decaying out of isomeric states (Alaga rules)

v9/2[404] orbital should show little alignment (spin is along symmetry axis)

| =\(1+1/2)2-K? where |_is spin proj. on symmetry axis

10

g | 9/2"[404] band
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Schematic representations of deformed

configurations of odd-mass Sr and Zr isotones
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Conclusions

First delayed spectroscopy of fission products at a
neutron-guide

New isomers found and identified with T,,~100 ns
In Rb isotopes

Shell-model interpretation works reasonably well —
but can be improved

27/2- isomer of °3Rb has ng,, v(g-, i)
configuration

9/2* isomer of ®°Rb has a ngy,, configuration

If 9°Kr is not strongly deformed, a new or improved
explanation must be found for shape changes in
the A=100 region
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