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HIGH-SPIN STATES IN 124Ba �

Ali Al-Khatib a, A.K. Singh a, H. Hübel a, P. Bringel a, A. Bürger a

A. Neuÿer a, G. Schönwaÿer a, G.B. Hagemann b , C.R. Hansen b

B. Herskind b , G. Sletten b , A. Algora c, Zs. Dombrádi c, J. Gál c

G. Kalinka c, J. Molnár c, B.M. Nyakó c, D. Sohler c, J. Timár c

L. Zolnai c, M. Kmiecik d , A. Maj d , J. Stycze« d , K. Zuber d

K. Hauschild e, A. Korichi e, A. Lopez-Martens e, J. Roccaz e; S. Sieme

F. Hannachi f , J.N. Scheurer f , P. Bednarczyk g; Th. Byrski g, D. Curien g

O. Dorvaux g, G. Duchène g, B. Gall g; F. Khalfallah g, I. Piqueras g

J. Robin g, K. Juhász h , S.B. Patel i ; A.O. Evans j , G. Rainovski j

A. Airoldi k , G. Benzoni k , A. Bracco k , F. Camera k , B. Million k

P. Mason k , A. Paleni k ; R. Sacchi k , O. Wieland k , C.M. Petrache l

D. Petrache l , G. La Rana m , R. Moro m , G. De Angelis n , P. Fallon o

I.-Y. Lee o, J.C. Lisle p , B. Cederwall q , K. Lagergren q, R.M. Lieder r

E. Podsvirova r , W. Gast r , H. Jäger r , N. Redon s, and A. Görgen t

aHelmholtz-Institut für Strahlen- und Kernphysik, Univers ität Bonn, Germany
b Niels Bohr Institute, Copenhagen, Denmark

c Inst. of Nuclear Research of the Hungarian Academy of Scienc es, Debrecen, Hungary
d Institute of Nuclear Physics, PAN, Kraków, Poland

eCSNSM Orsay, IN2P3/CNRS, France
f Centre d'Etudes Nucléaires de Bordeaux-Gradignan, Gradig nan, France

g IReS, CNRS-IN2P3, Strasbourg, France
h Univ. of Debrecen, Hungary

i Dept. of Physics, Univ. of Bombay, Mumbai, India
j Oliver Lodge Laboratory, Univ. of Liverpool, Liverpool, UK

k Dipartimento di Fisica, Univ. degli Studi di Milano and INFN , Italy
l Dipartimento di Fisica, Univ. di Camerino and INFN, Italy

m Dipartimento di Scienze Fisiche, Univ. di Napoli and INFN, I taly
n Instituto Nazionale di Fisica Nucleare, Laboratori Nazion ali di Legnaro, Italy

oLawrence Berkeley National Laboratory, Berkeley, USA
p Schuster Laboratory, Univ. of Manchester, UK

q Department of Physics, Royal Institute of Technology, Stoc kholm, Sweden
r Institut für Kernphysik, Forschungszentrum Jülich, Germa ny

sIPN Lyon, IN2P3/CNRS, Unive. Lyon-1, France
t DAPNIA/SPhN, CEA-Saclay, France

(Received November 30, 2004)

High-spin states in 124 Ba were populated using the 64 Ni( 64 Ni,4n) 124 Ba reac-
tion at beam energies of 255 and 261 MeV. Gamma-ray coincidences were mea-
sured using the EUROBALL detector array.The charged-parti cle detector array
DIAMANT provided channel selection. The previously known r otational bands
are extended to higher spins. Five new bands are observed, one of them extends
up to the spin 40~ region.
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1. Introduction

The nuclei around mass numberA ' 130 are very well suited to study
the interplay between single-particle and collective excitation modes. The
transitional nuclei with a few nucleons outside a closed-shell core are soft
with respect to 
 -deformation [1�3] and shape driving e�ects of nucleons in
di�erent orbitals can be investigated. In particular, prot ons and neutrons
in h11=2 intruder orbitals compete in polarising the nuclear core which leads
to a co-existence of di�erent shapes [4, 5]. Recent investigations have also
revealed terminating bands,e.g. in 122Xe [6] and 123Cs [7]. The aim of this
work is to search for these phenomena as well as to test the cranked shell
model (CSM) at high spins.

2. Experimental methods and results

The reaction 64Ni( 64Ni,4n)124Ba was used to populate high-spin states
in 124Ba. The beam with energies of 255 and 261 MeV was provided by the
Vivitron Tandem accelerator at IReS, Strasbourg. The target consisted of
a self supporting foil of ' 500 � g/cm2 thickness. The 
 -ray coincidences
were detected by the EUROBALL-IV spectrometer array [8]. A total of
12 � 109 Compton suppressed coincidence events was recorded. In addition,
the charged-particle detector array DIAMANT [9] was mounted inside the
target chamber. For the present analysis it was used to suppress the charged-
particle reaction channels.
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Fig. 1. Summed triple gated
 -ray coincidence spectra of band 11 (upper panel) and
of band 2 (lower panel) in 124Ba. The peaks marked by a single asterisk belong to
band 1 (yrast band) and those marked by two asterisks (lower panel) are decay-out
transitions from band 2 to band 1.
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Fig. 2. Partial level scheme of124Ba deduced from this work. The low-spin part of
bands 1-8 is taken from [11]. Transition intensities are notcompletely determined.
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The 
 -ray coincidence events were sorted into three- and four-dimen-
sional arrays, cubes and hypercubes, respectively and wereanalysed using
the RADWARE program package [10]. The previously observed structures
[11] were extended to higher spins. Five new rotational bands (bands 9�13)
were observed for the �rst time in this work, two of them (bands 9 and
10) could be connected to the yrast band. Fig. 1 shows examples of the
coincidence spectra and in Fig. 2 the partial level scheme for 124Ba deduced
from this work is presented. The unconnected band 11 feeds into the yrast
band around spin 22~ and is therefore expected to extend up to about spin
48~. The yrast band shows an irregular structure above spin 34~, which is
a typical �ngerprint of band termination. However, theoret ical calculations
are needed for a detailed interpretation of the observed structures.
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