. . 124,125
Octupole signatures in B

a

P. Mason', G. Benzoni', A. Bracco', F. Camera', B. Million', O. Wieland', S.
Leoni', AK. Singhz, A. Al-Khatib’®, H. Hiibel®, P. Bringelz, A. Bﬁrgerz, A.
Neusser?, G. Schonwasser?, G.B. Hagemann3, C.R. Hansen®, B. Herskind®, G.
Sletten®, A. Algora4, Zs. Dombradi®, J. Gal*, G. Kalinka*, J. Molnar*, B.M.
Nyak(')4, D. Sohler4, J. Timér4, L. Zolnai*, M. Kmiecik®, A. Majs, J. Styczens, K.
Zuber’, F. Azaiez®, K. Hauschild®, A. Korichi®, A. Lopez-Martensé, J. Roccaz®,
S. Siem®, F. Hannachi’, J.N. Scheurer’, P. Bednarczykg, Th. Byrskig, D. Curien®,
0. Dorvaux®, G. Duchéne®, B. Gall®, F. Khalfallah®, 1. Piquerasg, J. Robin®, K.
Juhasz’, SB. Patel®, A.O. Evans'', G. Rainovski'', C.M. Petrache'’, D.
Petrache'?, G. La Rana'®, R. Moro'®, G. De Angelis“, P. Fallon'®, 1.-Y. Lee®,
J.C. Lisle'®, B. Cederwall'’, K. Lagergen”, R.M. Lieder'®, E. Podsvirova'®, W.
Gast'® H. Jiger'®, N. Redon'®, A. Gorgen?

lDipartimento di Fisica, Universita di Milano and INFN, Sezione di Milano, Italy;
’Helmbholtz-Institut fiir Strahlen-und Kernphysik, Universitcit Bonn, Germany;
3Niels Bohr Institute, Copenhagen, Denmark;

*Institute of Nuclear Research of the Hungarian Academy of Sciences, Debrecen, Hungary;
5Niewodnicza7ski Institute of Nuclear Physics, Krakow, Poland;

SCSNSM Orsay, IN2P3/CNRS, Orsay, France;

"Centre d'Etudes Nucléaires deBordeaux-Gradignan, Gradignan, France;
SInstitut de Recherches Subatomiques, CNRS-IN2P3, Strasbourg, France;
University of Debrecen, Hungary;

"Dept. of Physics, Univ. of Bombay, Mumbai, India;

" Oliver Lodge Laboratory, University of Liverpool, UK;

! ZDipartimento di Fisica, Universita di Camerino, Italy;

B3 Physical Science Department and INFN, Napoli, Italy;

“INFN, Laboratori Nazionali di Legnaro, Legnaro, Italy;

B Lawrence Berkeley Laboratory, Berkeley, USA;

1Schuster Laboratory, University of Manchester, UK;

"Department of Physics, Royal Institute of Technology, Stockholm, Sweden;
nstitut fiir Kernphysik, Forschungszentrum Jiilich, Germany;

IPN Lyon, IN2P3/CNRS, Université Lyon-1, Villeurbanne, France;
2'DAPNIA/SPhN, CEA-Saclay, Gifsur-Yvette, France

Abstract

The v decay of the nuclei '**'**Ba has been measured with the EUROBALL
array, using the reaction **Ni+*'Ni at Ep.,,=255 and 261 MeV. Six new El
transitions have been found in the nucleus 'Ba, suggesting a significant role of
octupole correlations in the origin of its parity doublets. The J™=3" level of the
nucleus '**Ba has been identified for the first time. Its excitation energy is in
very good agreement with the prediction of octupole-including microscopic
calculations.

Experimental fingerprints of octupole correlations, such as alternate-parity bands linked by
enhanced E1 transitions, very collective E3 transitions and parity doublets in odd nuclei, are
long established in the proximity of both the double octupole “shell closures” Z=56, N=88
(corresponding to the nucleus 44Ba, see [1]) and Z=56, N=56 (corresponding to the so far
unidentified — and perhaps unbound — nucleus ''?Ba, see for example [2]). In even light barium
isotopes (118<A<130) the existence of low-lying negative-parity even-spin states is at variance
with the symmetry properties of octupole correlations. Nevertheless, in these nuclei the lowest
observed negative-parity states lie systematically below the threshold represented by twice the
proton pairing gap [3], and in a work by Piepenbring and Leandri [4] it was proposed that the
inclusion of an octupole-octupole force is indeed necessary in a microscopic description of
low-lying negative-parity states in '**'*Ba. The excitation energies of the lowest-lying



unidentified levels, which were stated to provide a stringent test of the model, were also
calculated [4]. In particular, the J™=3 level in '**Ba was predicted to have the excitation energy
of 1700 keV.

The experimental results presented in this work were obtained through the analysis of double
and triple y coincidences collected by the EUROBALL spectrometer [5] in a thin-target
experiment performed at IRES Strasbourg (France) and primarily aimed at the search for
hyperdeformed bands in the nucleus '*°Ba using the reaction *Ni+*Ni@255-261 MeV [6].
Our analysis included the measurement of the angular distribution and degree of linear
polarization of y rays. For this latter purpose the composite CLOVER detectors were used.
These four-crystal detectors allowed to measure the Compton-scattering asymmetry Acs=(N, -
N))/(N +N), where N, and N denote the number of photons scattered in the orthogonal and
parallel direction respectively, relative to the beam direction. This quantity is proportional to
the actual degree of linear polarization P of y rays at 0cpover=90° through the polarimeter’s
sensitivity Q=Acg/P.

The first experimental result we report is the identification of six new E1 transitions linking the
yrast positive-parity and negative-parity bands in the nucleus *’Ba. This nuclide displays
parity doublets, i.e. its yrast levels having the same angular momentum but opposite parity are
very close in energy. In fact, the quadratic average of the difference between the excitation
energies of J© and J levels in this nucleus corresponds to 335 keV (see level scheme in
Ref[7]), while in '¥*Ba (see [3]), for example, it corresponds to 453 keV. Unlike '“*Ba,
however, only few El transitions were known to connect opposite-parity levels in '**Ba prior
to our work [7]. We pinned down the AJ=1 electric dipole character of one of them, namely the
23/2°—21/2 transition, through the measurement of its angular distribution, resulting in
Legendre polynomial coefficients A,=-0.27+0.02 and A4=0.00+0.03 (see Fig.1b), and of its
linear polarization P=+0.2+0.2. In addition, and most importantly, we found evidence for five
new Els linking the positive-parity and negative-parity structures, as shown in Fig.1a. One
more transition, although of very low intensity, presumably links the 27/2" and 25/2" states. It
is now evident that basically all the levels below the excitation energy of ~3 MeV are
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Figure 1: (a) Section of a single-gate spectrum showing five of the six new Els identified in
125Ba. (b) The angular distribution of the E,=777 keV transition linking the 23/2" and 21/2°
levels in '*Ba. The fitting curve corresponds, besides a normalization factor, to the function
1+A,P,(cos(8))+A4P4(cos(0)), where P, is the n-th Legendre polynomial. The best-fit values of
Legendre polynomial coefficients are reported in the figure.



connected through electric dipole transitions to levels of opposite parity (see Fig.2), suggesting
a significant role of octupole correlations in the origin of the parity doublets displayed by '*Ba
and, possibly, also of the parity doublets that are indeed observed in all odd barium isotopes
with 119<A<129 [3]. In particular, '*'Ba is also known to exhibit a large number of Els
linking opposite-parity bands [8].

The second experimental result we present is the identification of the I"=3" level in **Ba. As
shown in Fig.3, two new coincident transitions of energy E,=312 and 1492 keV respectively
are observed following the 64", E,=326 keV transition. The AJ=1 basically pure dipole
character of the new E,=312 keV transition was determined on the basis of its ADO ratio [9].
The E1/M1 ambiguity was solved through the measurement of the transition’s degree of linear
polarization. In this case we performed a simple integration of the parallel- and orthogonal-
scattering spectra, in the interval containing the 312-keV peak and in other two peak-free
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Figure 2: Partial level scheme for '**Ba including all the E1 transitions connecting the positive-
parity yrast structure (i.e. the coupled bands on the left-hand side of the picture) with the
negative-parity one (right-hand side). The new-found transitions are shown with thicker arrows.
Previously known levels and transitions are taken from Ref.[7].
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Figure 3: Intervals of double-gate spectra showing the new Ey=312 keV and Ey=1492 keV
transitions in '**Ba.



intervals close to it. A value Acs=-0.015+0.028 was found to correspond to the first interval,
while the scattering asymmetry of the background surrounding the peak turned out to be
Acs=10.06+0.03. This clearly means that the degree of linear polarization of the E,=312 keV
transition is negative, exactly as expected in the case of a AJ=1 M1(+E2) character with 5~0.
The level fed by this transition and decaying through the E,=1492 keV transition to the 2"
state, therefore, has J"=37; its excitation energy, namely E.(3)=1722 keV, is in very good
agreement with the prediction E(37)=1700 keV given in Ref.[4]. Our work, thus, provides new
evidence supporting the conclusion drawn in Ref.[4] that, in order to reproduce the excitation
energies of low-lying negative-parity states in '>*'*°Ba, the use of an octupole-octupole
residual interaction is actually necessary [4].

In conclusion, we have presented new evidence for the existence of octupole correlations in
light barium isotopes. The first piece of evidence consists in the identification of the 3™ level in
12*Ba, at an energy well reproduced by octupole-including microscopic calculations. In
addition, the existence of several new Els in the nucleus '**Ba, linking opposite-parity couples
of bands whose levels form closely-spaced parity doublets, has been established.

Future work on this subject should include the determination of the strength of these
correlations through the measurement of B(E1) values. No such measurement has ever been
performed in light barium isotopes but, on the basis of TRS calculations and experimental
branching ratios, B(E1) values which are comparable in size to those observed for instance in
!4Xe [2] were proposed in the nucleus '"®Ba [10]. The observation of low-lying negative-
parity states in ''“''*Ba (only the ground states of these nuclei have been hitherto identified
[11]) would also be of great interest.
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