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A spontaneous breaking of chiral symmetry can take
place for configurations where the angular momenta of
the valence protons, valence neutrons and the core are
mutually perpendicular[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 there-
fore, according to Kelvin’s definition, the system mani-
fests chirality [2]. Since chirality is a dichotomic symme-
try, its spontaneous breaking leads to doublets of closely
lying rotational bands of the same parity. The first exam-
ple of two nearly degenerate bands with the same parity
and spins has been reported for 134Pr [3, 4]. In the con-
text of chiral symmetry such a doublet of bands has been
described within the framework of the particle-core cou-
pling model [5] and the tilted-axis cranking model [1, 2].
An alternative interpretation has been based on the inter-
acting boson fermion-fermion model (IBFFM) [6]. Here
the energy degeneracy is also obtained but the two bands
have different nature.

Excited states in 134Pr were populated using the reac-
tion 119Sn(19F, 4n)134Pr. The beam was delivered by the
Vivitron accelerator at IReS in Strasbourg. Lifetimes of
the states were measured using both the recoil distance
Doppler-shift (RDDS) and the the Doppler-shift atten-
uation (DSAM) methods. For the RDDS measurement,
a beam with an energy of 87 MeV was used. The tar-
get consisted of 0.5 mg/cm2 119Sn evaporated on a 1.8
mg/cm2 181Ta foil facing the beam. The recoils, leaving
the target with a velocity of 0.98(2) % of the velocity
of light, were stopped in a 6.0 mg/cm2 gold foil. For
the DSAM measurement, a beam energy of 83 MeV was
used. The target consisted of 0.7 mg/cm2 119Sn evapo-
rated on a 9.5 mg/cm2 181Ta backing used to stop the
recoils. The deexciting γ rays were detected using the
EUROBALL IV detector array and an inner BGO ball.
For the analysis of the RDDS data, the standard ver-
sion of the Differential decay-curve method (DDCM) [7]

has been employed. In the DSAM case, the analysis of
the line-shapes was carried out according to the DDCM
procedure for treating DSAM data [8, 9]. All details
concerning the lifetimes analysis are presented in Refs.
[10, 11]. The lifetimes of the levels with Iπ from 10+ to
18+ in Band 1 and with Iπ from 13+ to 17+ in Band 2
have been deduced.

Reduced transition probabilities obtained from the
present experiment are shown in Fig. 1. Within the ex-
perimental uncertainties, the B(M1) values in both part-
ner bands behave similarly and point to relatively strong
transition strengths. In contrast, the intraband B(E2)
strengths within the two bands differ. In the angular-
momentum region where the almost degeneracy of the
energy levels of the two bands occurs (Iπ = 14+ - 19+),
the B(E2) values for Band 1 are a factor 2 to 3 larger
than those of Band 2. This result is incompatible with
the pure chiral picture (static chirality) where the intra-
band B(E2) transition strengths must be equal. Such a
finding points to the fact that the limit of static chirality
is not reached in 134Pr and the nucleus stays in a very soft
vibrational regime. In order to investigate the effects of
the shape fluctuations we have used, for the description of
the transition strengths of the two bands, the two quasi-
particle + triaxial rotor model (TQPTR) as described
in [1, 12] and the IBFFM [6]. The TQPTR is assum-
ing a rigid triaxial shape whereas the IBFFM includes
shape vibrations. Both descriptions include the coupling
between the odd particles and the even-even core in a
similar way, taking into account the partial filling of the
h11/2 shells. All details concerning TQPTR and IBFFM
calculations are presented in Refs. [10, 11]. The results
of both models are shown in Fig. 1. The comparison
with the experimental data show a clear disagreement
with the TQPTR results whereas a much better match-
ing is found with the IBFFM calculation. Such result
indicates that shape fluctuations are an essential ingredi-
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FIG. 1: Experimentally determined and theoretically calcu-
lated B(E2) and B(M1) transition strengths in chiral candi-
date bands of 134Pr

.
ent for the proper description of the structure of the two
bands. It is interesting to note that the difference of the
transition strengths of the two bands is larger, and the
theoretical values are closer to the experimental B(E2)
values in the IBFFM calculation than in the TQPTR
one. This fact supports the interpretation of Ref. [6]
where the yrast band contains predominantly the ground
state configuration of the triaxial core whereas the yrare
band contains a major component of the γ-band. Such
interpretation does not necessarily contradict the chiral
interpretation, because the TQPTR calculations in Ref.
[13] found a similar composition. The TQPTR calcula-
tion shows a pronounced staggering of the B(M1) values
at high spins, where the bands come close. At large spin
values, the dominant left-right coupling is caused by the
flipping of the quasiproton angular momentum between
the positive and negative direction of the short axis and
the flipping of the quasineutron angular momentum be-
tween the positive and negative direction of the long axis
of the triaxial core. The phases of the resulting super-
positions change with the total spin I, which causes the
M1 strength to alter between intra and interband transi-
tions. The absence of the staggering in the data as well
as in the results of the IBFFM calculations indicate that
the left-right coupling caused by the fluctuations of the

shape is stronger than the coupling due to the quasipar-
ticle angular momentum flippings.

In summary, our lifetime measurements and the theo-
retical analysis support only within a dynamical context
the presence of intrinsic chirality in 134Pr, as suggested
on the basis of the similar energies of the two positive
parity bands [1]. The differences of B(E2) values in both
bands provide evidence that the wave function in the left-
handed sector is connected with the wave function in the
right-handed sector by substantial achiral components.
The experimental differences between the B(E2) values
cannot be reproduced assuming a rigid triaxial shape
(TQPTR) which would also result in a pronounced stag-
gering of the B(M1) values not found in the experimental
data. The experimentally observed transition matrix el-
ements can be reproduced by taking into account the
fluctuations of the nuclear shape (IBFFM). This means
that the chirality in 134Pr, if it is exists, has mainly a
dynamical character, the nuclear system fluctuating be-
tween a chiral configuration, which is characterised by the
mutual perpendicular orientation of the proton, neutron
and core angular momentum and achiral configurations,
which couple the left- and right-handed sectors and gen-
erate the differences in the transition rates. Thereby the
coupling due to shape fluctuations seems to play a cen-
tral role. However, it may also indicate that the coupling
of the two quasiparticles to the shape degrees of freedom
is the prominent mechanism.
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