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Lifetime measurements in chiral nucleus 13°Cs
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Abstract The level lifetimes in partner bands of 1**Cs have been measured using the Doppler Shift Attenua-
tion method. The high-spin states of *°Cs were populated via fusion evaporation reaction **Sn(*'B,5n)'*°Cs
at a beam energy of 65 MeV. The absolute M1 and E2 transition probabilities have been deduced. The results

indicate that the partner bands of '3°Cs manifest the chiral properties.
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1 Introduction

Since the existence of chiral symmetry in triaxial
nuclei has been predicted by Frauendorf and Meng!,
nuclear chiral structure has attracted significant in-
terest to theoretical and experimental studies. Nu-
clear chirality takes place due to the angular momen-
tum coupling mechanism between the valence parti-
cles, holes and the core of the nucleus®. The three
angular momentum vectors are different in triaxial
The core collective angular momentum is
aligned along the intermediate axis. The angular mo-
menta of particles are aligned along the short axis of
the triaxial core, whilst the holes angular momenta
aligned along the long axis.The three angular mo-
menta are mutually perpendicular and form the left-
and right- handed axial vector systems. The two sys-
tems can be mutually transformed by the rotation

nuclei.

and the time reversal operations. The spontaneous
symmetry breaking in odd-odd triaxial nuclei is re-
cently considered to explain the appearance of the
chiral partner bands.
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In the A ~100 and A ~130 mass regions, such
chiral partner bands were observed in odd-odd nuclei
106Ag[3]7 102-106 RL 46 4pd 134Prm, 124-132 (1g[8—12]
These chiral bands in the two regions are built
on the (7tge/2)~' ® Vhii/» negative parity and the
Tthi1 /2@ (Vhi1/2) ! positive configurations*¥ | respec-
tively. The experimental and theoretical studies on
these nuclei have suggested that nuclear chiral bands
show the following characteristics.

(1) The existence of near-degenerate, doublet,
AI =1 bands of the same parity.

(2) The energy staggering parameter S(I), defined
as S(I)=[E(I)-E(I-1)]/2I, should possess a smooth
dependence with spin since the particle and hole an-
gular momenta are both perpendicular to the core
rotation.

(3) The staggering interband B(M1)/B(E2) ra-
tios of partner bands with spin. In the A ~100 mass
region, the even spin members of the chiral bands
should be staggered higher than the odd spin mem-
bers, which is opposite to chiral bands of A ~130 mass
region. It is that which are built on the different con-
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figurations.

(4) The stronger interband M1 transitions and the
weak E2 linking transitions in high spin states.

(5) The electromagnetic transition probabilities
should be similar in chiral bands.

Recently, chiral bands in odd-odd #°Cs are
reported™.  For '3°Cs, the Fermi level lies in the
lower proton hii/o sub-shell and the higher neutron
hi1/2 sub-shell. Through Total Routhian Surface
(TRS) calculation, the shape parameters of *°Cs are
B2 ~0.17 and v ~ 30°. The ~- soft core of *°Cs and
particle-like proton, hole-like neutron can be suitable
for chiral structure. From the energy spectra anal-
ysis, the partner bands of *°Cs exhibit the proper-
ties which seem to be consistent with the ideal chiral
geometry!"!!. The further evidence of the electromag-
netic transition probabilities will prove that whether
the partner bands of 3°Cs show the chiral structure.

2 Experiment and results

The high spin states of the *°Cs were populated
by the reaction ?*Sn(*'B,5n)'*°Cs at a beam energy
of 65 MeV. The B beam was provided by the HI-13
tandem accelerator in the China Institute of Atomic
Energy. The target consisted of a 7.06 mg/cm? thick
124Sn backed on lead with 6.7 mg/cm? thickness.
The y-y coincidences have been measured by an ar-
ray of fourteen Anti-Compton Shielded Germanium
spectrometers. More than 200 x 10° y-y coincidence
events were collected. Level lifetimes of chiral bands

tenuation method (DSAM). The line shapes of -
transitions are fitted by means of the DSAMFT code
of Gascon™. The lifetimes of seven states in yrast
band and five states in side band have been deduced
in this work. Representative examples of Doppler
broaden line shape fits are shown in Fig. 1 and the
preliminary lifetime results of chiral bands are pre-
sented in Fig. 2. The spin and parity assignment
of excite states in Fig. 2 is based on Ref. [11]. For
130Cs, it was estimated that the uncertainty of stop-
ping power affects by 10% the measured lifetimes in
the present experiment.
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Fig. 1. Example of line shape fits for v transi-
tions at the angles of 40° and 150° with re-
spect to the beam axis in the chiral bands
of ¥9Cs. Left part: 416.6 keV 13t — 127
transition. Right part: 426.1 keV 147 — 13"

in ¥9Cs have been measured using Doppler Shift At- transition.
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Fig. 2. The level lifetimes of Partner bands built on 7hy; /2 ® (vh11/2)71 configuration in 180 (g,
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3 Discussion

The reduced transition probabilities, B(E2) and
B(M1), can be derived from the lifetimes of excited
states. Comparison of the experimental B(E2) and
B(M1) values for the chiral bands of '*°Cs is shown
in Fig. 3. The theoretical study of the transition
probabilities and selection rules for the idealized chi-
ral symmetry breaking shows that the transition
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Fig. 3. The absolute reduced transition proba-

bilities in the yrast and side bands versus spin.
Top and middle: B(E2) and B(M1) values in
the chiral bands. Bottom: B(M1) values for
side — yrast linking transitions.

probabilities in the chiral bands should be same with
the corresponding levels. One can see that the B(E2)
and B(M1) values of the chiral bands are essentially
same from the spin 14" to 17% within the experimen-
tal error limits. With the increasing spin in the chiral
bands, the B(E2) values remain a constant value and
the B(M1) values show characteristic staggering. The
main features of the experimental data are consistent
with the behaviors of chiral partner bands. In view of
the Ref. [11] and the present study, the partner bands
of 13°Cs show the chirality above the spin 147.

4 Summary

The high-spin states of **Cs have been populated
via fusion evaporation reaction ***Sn(*'B,5n)'*°Cs at
a beam energy of 65 MeV. The electromagnetic tran-
sition probabilities in the partner bands of 3°Cs
are deduced from the lifetime measurements using
the Doppler Shift Attenuation method. Comparison
of the B(E2) and B(M1) values suggests that the
partner bands of 1*°Cs show the better chiral charac-
teristics.
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