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To determine the shape of *?Ba Coulomb excitation measurement has been performed at U-200P cyclotron at Heavy Ion
Laboratory, University of Warsaw, Poland. A *2S beam of ~90 MeV energy has been bombarded on enriched '**Ba-target to
Coulomb excite the latter nuclei. EAGLE gamma-ray spectrometer consisting of 15 single crystal HPGe detectors has been
used to detect the deexcited gamma-rays from Coulomb excited Ba nuclei. The data has been collected using Particle-
gamma coincidence technique for a period of seven days. The back scattered projectiles have been identified with 48 PiN
diodes of 0.5 X 0.5 cm? active area mounted in a scattering chamber of ~5 cm radius called as ‘Munich chamber’. The
energy states up to ~1127 keV energy have been populated in the interested '**Ba isotope. The preliminary results of the

data analysis are presented here.
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1 Introduction

Deformed nuclear shapes play an essential role in a
straight forward interpretation of many low lying
nuclear-excited states in complex many-body nuclei'.
Study of the triaxial nuclei is the gateway to
understand the interplay of shape transitions between
the prolate and oblate deformations. Several
experimental and theoretical investigations have been
carried out for nuclei of the mass number”'? around A
~130 as it covers the transitional region from
spherical shapes to strong deformations. In addition to
Pt-region, the presence of O (6) like symmetry of the
interacting boson model (IBM) along with the
interplay of y-softness and triaxiality was proposed
for Xe & Ba isotopes in this mass region® °. In
particular "**'**Ba isotopes were introduced as a good
candidate for O (6) like nuclei, although, sufficient
experimental data was not available at that time’.
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However later, E (5) symmetry was found in **Ba*”,
which shows a transition from O (6) to E (5) structure
between these two adjacent isotopes. Recently,
several other theoretical studies have been discussed
on the transitional Ba-isotopic chain viz. microscopic
shell model (MCSM) calculations by Teruya et al.,’
IBM-1, interacting vector boson model (IVBM) and
semi-empirical formula (SEF) interpretations by
Jubbori ez al.,” and pairing plus quadrupole & IBM-1
calculations by Kumar and Gupta® etc. To
complement and validate these studies good
experimental data is also required. Low energy levels
of Ba-isotopes (A = 124-142), showing a gradual
transition of different types of quadrupole collective
states, have been shown in Fig. 1. Low lying 2," state
(or 2,772, vs. 4,7/2," ratio) is an indicator of the
nature of y-deformation and as shown in the figure,
varies considerably for Ba-isotopic chain. As most of
the stable Ba isotopes are well studied; still
experimental data for *’Ba is relatively scarce. The
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Fig. 1 — Variation of low energy levels in even-A Ba-isotopes.

previous Coulomb excitation measurement for '*“Ba
was performed in 1985 by Burnett ef al.'® via particle
spectroscopy with a '?C beam. Therefore, to probe the
low-level electromagnetic properties of this isotope of
interest, an isobar of the doubly magic "**Sn nucleus,
we performed the present experiment at heavy ion
laboratory (HIL), University of Warsaw, Poland and
the details are presented here.

2 Experimental Details

The present experiment was performed using a 90
MeV *’S beam provided by the U-200P Warsaw
cyclotron. Enriched BaCl, target of ~631 pg/cm’
thickness (i.e., 410 pg/cm’ of Ba) on ~ 30 pg/cm’ carbon
foil was used for the measurement. The EAGLE
gamma-ray spectrometer consisting of 15 single crystal
HPGe detectors was used to detect the de-exciting
gamma-rays from the Coulomb excited target nuclei. 48
PiN-diodes of 0.5 X 0.5 cm’ active area, covering
110°-170° backward angles in the laboratory frame, was
used for the detection of backscattered **S projectile
ions. The data was collected with particle-gamma
coincidence technique to perform event by event
Doppler shift correction. A standard “Eu source
was used for the calibration and efficiency of
the HPGe-detectors. A detailed description of the
experimental set-up can also be found in reference'.

3 Data Analysis
The offline data analysis was performed using the
ROOT analysis package. A precise Doppler

correction was performed to correct for the Doppler
broadening effects in the observed de-excited gamma-
ray. To remove the background proper timing gates
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Fig. 2 — Particle gamma coincidence timing spectrum for a
specific PiN-diode-HPGe combination. The shaded regions show
gates on the random and prompt peaks.
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Fig. 3 — Energy calibrated, background subtracted, and Doppler
shift corrected gamma-ray spectrum resulted from the present
Coulomb excitation experiment of '*Ba with ~ 90MeV *?S
projectile for a single HPGe detector.

on the random and prompt peaks of the HPGe
detector timing (as shown in Fig. 2), and PiN diodes
energy were applied. Energy calibrated, background
subtracted, and Doppler corrected gamma-ray
spectrum for a single HPGe detector has been shown
in Fig. 3. In the present multi-step Coulomb excitation
measurement of *’Ba states up to the 4," state in the
ground-state band were observed in addition to the
second 2" state. All observed y-rays and the relevant
transitions from the de-excitation of Coulomb excited
nuclei have been tagged in the above figure. The
observed level scheme in the present experiment has
been shown in Fig. 4. In addition to "**Ba radiation,
gamma-ray transitions for other stable Ba-isotopes
viz. **Ba, °Ba, "°Ba & '**Ba have also been
observed and are shown in Fig. 3. These isotopes
were present as isotopic contamination in the target.
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Fig. 4 — Low energy levels of '’Ba nucleus showing y-ray
transitions observed in the present Coulomb excitation
experiment. All energies of y-ray transitions are in keV.

4 Conclusions

The data were analysed with ROOT analysis
package and states up to 1.127 MeV energy in '**Ba
were observed. This experiment is a complementary
measurement to our earlier work'? which was
performed at Inter University Accelerator Center,
New Delhi, having the particle detector at forward
scattering angles (150 <OLap 5450). In the present
measurement four low-level transitions, namely,
21+—>01+, 41+—)21+, 22+—)21+, and 22+_)01+ WeEre
observed and were presented here. The observed level
scheme has been shown in Fig. 4. GOSIA analysis of
the data leading to the extraction of matrix elements
and BE2s is in progress and will be communicated in
further publications.
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