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Introduction

We call any geometrical figure, or group of
points, chiral, and say it has chirality, if its
image in a plane mirror, ideally realized, can-
not be brought to coincide with itself. Thus,
a system is chiral if it is not symmetric with
respect to mirror-reflection, Ŝ, in any plane.
However, the chirality of nuclear rotation does
not concern the position vector, but rather
the axial pseudo-vector of angular momentum.
Therefore, it is represented by the operator
κ = T̂ R̂π, where T̂ time reversal operator and
R̂π is the rotation by 1800. When chiral sym-
metry is broken in the body-fixed frame, the
restoration of the symmetry in the lab frame is
manifest as degenerate doublet ∆I = 1 bands
from the doubling of states. These structures
arise from configurations in which the angular
momenta of the valence proton, the valence
neutron, and the core are mutually perpendic-
ular [1]. The non zero components of the total
angular momentum on all the three axes can
form either a left-handed or a right-handed set
and therefore, the system manifests chirality
[2]. Pairs of bands possibly due to the break-
ing of the chiral symmetry have been found in
a wide region of masses, namely A ∼ 105, A
∼ 130, A ∼ 190 experimentally. The major-
ity of candidate chiral bands are reported in
odd-odd nuclei, which have the configuration
of one valence proton (neutron) particle and
one valence neutron (proton) hole, such as Cs,
Pr, La, Pm with πh11/2⊗νh−1

11/2 configuration

in ∼ 130 mass region. Among these nuclei,
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134Pr [3, 4] provides so far the best example
of level degeneracy for selected states of the
same spin and parity in the doublet bands be-
ing separated by energies smaller than 60 keV
and has been so far taken as a sign of chiral
bands[1, 2, 5]. It is quit evident that electro-
magnetic transition probabilities carry more
stringent information on the intrinsic struc-
ture, including the chiral geometry, than exci-
tation energies. Therefore, for an ideal chiral
pair bands all corresponding properties such
as energies, spin alignments, shapes, electro-
magnetic transition probabilities, etc. must be
identical or, in practice, very similar. The ob-
servation of the identity is the necessary con-
dition for claiming chiral bands.

To our knowledge, in only a few nuclei
the electromagnetic transition probabilities of
the nearly degenerate bands were measured:
134Pr, 128Cs, and 132La. The reported BE2
(I → I − 2)in values for the two bands are
clearly different in all three nuclei and, there-
fore, a condition necessary for identifying chi-
ral pair bands is not fulfilled.

The purpose of the present study is to shed
light on nature of the nuclear chirility on 134Pr
using the microscopic triaxial projected shell
model (TPSM) approach [6]. It has been
demonstrated that TPSM provides an accu-
rate description of the high-spin properties of
triaxial rotating nuclei. In a recent study,
TPSM model has been generalized to study
odd-odd 128Cs nucleus in the mass ∼ 130 re-
gion [7].

TPSM Results

The basis space of the TPSM approach for
odd-odd nuclei is composed of one-neutron
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FIG. 1: Comparison of the measured energy levels
of positive parity yrast and partner band for 134Pr
in panal (a). Wavefunction amplitudes for yrast
band in panal (b) and partner band in panal (c).

and one-proton quasiparticle configurations :
{|φκ = aν

†aπ
†|0}. The triaxial Nilsson Hamil-

tonian used in the present work is

ĤN = Ĥ0 −
2

3
~ω

{

ǫQ̂0 + ǫ′
Q̂+2 + Q̂−2√

2

}

,

(1)

where Ĥ0 is the spherical single-particle shell
model Hamiltonian, which contains the spin-
orbit force. In the first stage of TPSM study,
the triaxial basis space is constructed by solv-
ing three-dimensional Nilsson potential with

deformation parameters of ǫ and ǫ′. In the
present work, ǫ = 0.210 and ǫ′= 0.110.
The projected energies, obtained after shell

model diagonalization, for the doublet bands
in 134Pr nucleus are depicted and compared
with the corresponding experimental data in
Fig. 1 it is evident from the figure that over-
all agreement between the calculated and the
measured energies is quite remarkable. It
is noted from Fig. 1 that the yrast-band is
crossed by partner-band between I = 15 and
16; and again crossing is observed at I = 19.
To infer the structure of the bands, the am-
plitudes of the wavefunctions for the dipole
bands are displayed in Fig. 1(b) and (c). The
structure of the dipole bands, as inferred from
this figure, is some what surprising. It is
noted that the yrast band is composed of K=3,
5 and 7 projected configurations originating
from the same quasi-particle state (1.17). The
partner band, on the other hand, is domi-
nated by a K=4 and 5 configuration result-
ing from a different quasi particle state (1.07)
as compared to the yrast band. Therefore,
the present TPSM study demonstrates that
the observed crossing of the yrast and the
partner bands in 134Pr is due to the crossing
of the two-quasiparticle states having differ-
ent intrinsic configuration. In conclusion, al-
though the two bands are nearly degenerate
(13 < I<19) but they do not agree with what
is expected for chiral bands.
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