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IDENTIFICATION OF EXCITED STATES
IN THE N = Z NUCLEUS 8NpH

L.S. Caceres®?, M. Gorska?, A. Jungclaus®, P.H. Regan®
A.B. Garnsworthy®", S. Pietri®, Zs. Podolyak®, D. Rudolphd
S.J. Steer®, H. Grawe?, D.L. Balabanski®f, F. Becker?

P. Bednarczyk®9, G. Benzoni", B. Blank!, C. Brandau?®
A.M. Brucel, F. Camera", W.N. Catford®, 1.J. Cullen®
Zs. Dombradik, P. Doornenbal?!, E. Estevez™, H. Geissel?
W. Gelletly®, J. Gerl?, J. Grebosz9?, A. Heinz", R. Hoischend
G. Ilie'P, J. Jolie!, G.A. Jones®, M. Kmiecik?, |. Kojouharov?
F.G. Kondev®, T. Kurtukian-Nieto™, N. Kurz?, S. Lalkowskil's
L. Liu¢, A. Maj9, S. Myalski9, F. Montes?, M. Pfutzner!
W. Prokopowicz®", T. Saito?, H. Schaffner?, S. Schwertel¥
T. Shizuma®¥, A.J. Simons®, S. Tashenov?, P.M. Walker®
E. Werner-Malento?t, O. Wieland", H.J. Wollersheim?

aGSl, Planckstrafe 1, D-64291, Darmstadt, Germany
bDepartamento de Fisica Tedrica, Universidad Autonoma de Madrid, Spain
¢Departament of Physics, University of Surrey, Guildford, UK
dDepartament of Physics, Lund University, Sweden
€Dipartimento di Fisica, Universita di Camerino, Italy
fBulgarian Academy of Sciences, Sofia, Bulgaria
9The H. Niewodniczanski Institute of Nuclear Physics, Krakow, Poland
hUniversita degli Studi di Milano and INFN Sez. di Milano, Italy
- 'CENBG, le Haut Vigneau, Bordeaux-Gradignan, France
JSchool of Engineering, University of Brighton, Brighton, UK
KInstitute for Nuclear Research, Debrecen, Hungary
'IKP, Universitéit zu Koln, Koln, Germany
MUniversidad de Santiago de Compostela, Santiago de Compostela, Spain
"Wright Nuclear Structure Laboratory, Yale University, New Haven, USA
°Nuclear Engineering Division, Argonne National Laboratory, USA
PNational Institute of Physics and Nuclear Engineering, Bucharest, Romania
"Institute of Physics, Jagiellonian University, Krakéw, Poland
SFaculty of Physics, University of Sofia, Sofia, Bulgaria
YInstitute of Experimental Physics, Warsaw University, Warsaw, Poland
VPhysik Departament E12, Technische Universitat Miinchen, Garching, Germany
WJapan Atomic Energy Research Institute, Kyoto, Japan

(Received November 11, 2006)

Tbresented at the Zakopane Conference on Nuclear Physics, September 4-10, 2006,
Zakopane, Poland.

(1271)



1272 L.S. Caceres et al.

Information on the first excited states in the N = Z = 41 nucleus 8Nb
sheds light on the competition of isospin T = 0 and T = 1 states in the
A [8D region. The measurement was performed at the GSI laboratory
using fragmentation of a 1%’ Ag primary beam at 750 MeV/u on a 4 g/cm?
9Be target. The fragments were separated and identified unambiguously
in the FRagment Separator. Three excited states were observed and the
half-life estimate for the isomeric state was extracted. A tentative spin
assignment based on the isobaric analogue states systematics in the T, = 1
nucleus 82Zr, and transition probabilities indicate T = 1 character of the
first two excited states, and T = 0 for the isomeric state.

PACS numbers: 29.30.Kv, 23.20.Lv

1. Introduction

The low lying excited states inN = Z nuclei at A have attracted
many recent experimental studies. Most of them aim in the inestigation of
the competition between isospinT =0 and T = 1 con guration expected in
odd odd N = Z isotopes fromA = 76 to A = 96 (seee.g. [1] for a recent
review). Investigations of§2Ga [2], $3As [3] and Z4Rb [4] have identi ed the
ground state con guration with 1™ = 0%, T = 1 is crossed at low excitation
energy by a higher spin,T = 0 con guration. The small density of the
Nilsson single-particle levels in this region of nuclei leds to an abrupt change
in the deformation by adding a few nucleons, or with the exciation energy
as observed ine.g. %¢As [3], "°Br [5], '8Sr [6] and 82Zzr [6, 7]. Therefore,
studies of excited states in heavieMN = Z isotopes will shed light on the
isospin inversion and the shape evolution toward the doublymagic 1°Sn.

2. Experimental details, data analysis and results

The experiment performed at Gesellschaft fir Schwerionenfschung
(GSI) was part of the Stopped Beam Campaign using the Rare ISape
INvestigation at GSI (RISING) setup [8]. A primary beam of 07Ag at
750 AMeV impinged on a 4007 mg/cnt °Be target. The projectile frag-
ments were separated using the GSI FRagment Separator (FRYP] and
identi ed unambiguously in terms of A and Z [10]. The Bp — AE — Bp
method, used for the particle separation and identi cation, employed a vari-
able wedge degrader in the middle focal place of the FRS.

At the nal focal plane the ions passed through a second varible thick-
ness degrader which slowed them down appropriately for fuhter implanta-
tion in a perspex layer of 7 mm thickness.

y rays were detected by the RISING Ge array consisting of 15 Ewball
cluster detectors [11] placed around the stopper. Only dejedy rays emitted
after stopping of the ions were measured. Thg rays time and energy signals
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were processed by XIA DGF4 [12] digital electronics (25 nsht). Additional
analog electronic timing branches were used for short<{ 0.8us) and long
(= 100us) isomeric decay correlation times. Further experimentaldetails
can be found in Ref. [8].

The identi cation of #Nb ions was achieved on two-dimensional spectra
analysis of atomic numberZ versusA/q ratio. Complementary information
was obtained from the position and energy loss of the fragmésin the second
focal plane of the FRS. For the selected isotope of interestthe delayed
y radiation from the de-excitation of an isomeric state was coelated in
matrices of y-ray energy versus time. The analysis was performed with the
CRACOW software [13]. A time window of 25-1800 ns and 12-350snwith
respect to the ion implantation was applied to the DGF4 and slort range
TDCs, respectively. Three delayed transitions at energie®f 123, 418 and
638 keV were associated to the isomer decay f#Nb. The e ective energy
threshold of the DGF4 electronic branch was lower (Fig. 1).
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Fig.1. Gamma ray energy spectrum of 82Nb correlated with the DGF4 (DGF,
upper panel) and short range (SR, lower panel) time branches.

The preliminary value of the isomeric half-life in 8Nb was extracted
by a t of a single exponent to the summed time distributions of the 418
and 638 keVy transitions away from the prompt response. The t yield-
ing values of 80(50) ns and 75(40) ns for the DGF4 and short rage time
branches, respectively, used the Maximum Likelihood metha for the error
bar treatment (Fig. 2).
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Fig.2. Left: Isomeric decay curve fit for the DGF4 time branch. Right: Level
scheme of 82Nb deduced from this work.

3. Discussion

The ground state spin of®2Nb was deduceda priori from the observation
of super-allowed Fermi decay and assigned to bE' = 0" and T = 1 [14].
The existence of short-lived isomeric state in this region fathe chart of nuclei
was indicated in Ref. [15]. As the ordering of transitions inthe level scheme
could not be deduced from the present experiment, the systeatics was used
for this purpose. The average2™ - 0" and 4* - 27 transition energy dif-
ferences betweerN = Z isotopes and their isobaricT, = 1 analogue states
amount to 20 keV and 44 keV, respectively, £Tc [16], Mo [17]), ("*Rb [4],
"4Kr [6]), ("°Br [5], "°Se [18]). Based on the comparison to the known transi-
tions in 82Zr the 418 keV and 638 keV were assigned to th@*) — 0* decay
and (4%) - (2*%) decay respectively. The spin of the isomeric state was ten-
tatively deduced from the transition probability analysis to 1™ = (47,57).
The low statistics did not allow for an unambiguous determiration of the
conversion coe cient for the 123 keV transition. This assighment implies an
isospin change between the isomeric state and th@™) state. An E1 is the
most likely assignment from both lifetime and intensity corsiderations, but
at this stage of the analysis an M1 or mixed M1/E2 can not be rukéd out
completely for the 123 keV transition. Details of the interpretation will be
given in a forthcoming paper.
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