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Examples of dynamic chirality in nuclei
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Abstract. In many cases the chirality was almost observed but the transition probabilities are different.
This fact is clearly seen in the cases of '**Pr and '?Rh. In the case of chirality, the yrast and the side bands
should be nearly degenerate. In the angular momentum region where chirality sets, the B(E2) values of the
electromagnetic transitions deexciting analog states of the chiral twin bands should be almost equal.
Correspondingly the B(M1) values should exhibit staggering. Our lifetime measurements in the cases of
134pr and '92Rh and the theoretical analysis do not support static chirality. Chirality has mainly a dynamical
character in both nuclei. In the present paper, we compare our results with the results for other chiral
candidate nuclei, which fulfill static chirality conditions.

1 Introduction

The term “chirality” originates from the Greek word for
hand and is a synonym to “handedness”. Chirality is
recognized as an interesting phenomenon in different
branches of science.

Chirality in nuclear physics, has been tested, argued
and investigated, both theoretically and experimentally,
for more than 20 years.

A spontaneous breaking of chiral symmetry can take
place for configurations where the angular momenta of
the valence proton, the valence neutron, and the core are
mutually perpendicular [1]. Under such conditions, for a
triaxial nucleus the short, intermediate and long principal
axes form a screw with respect to the angular momentum
vector which results in two chiral systems with different
orientations, left- and right-handed respectively [2].
Because the chiral symmetry is dichotomic, its
spontaneous breaking by the axial angular momentum
vector leads to doublets of closely lying rotational bands
of the same parity [1-3]. Due to the underlying
symmetry, the pairs of chiral twin bands should exhibit
systematic properties [4-7].

The first property is the existence of a couple of yrast
and side bands, which are nearly degenerate. In the
angular momentum region where chirality sets in, the
B(E2) wvalues of the electromagnetic transitions
deexciting analogue states of the chiral twin bands
should be almost equal. Correspondingly the B(M1)
values should exhibit odd-even staggering, being much
bigger for transitions deexciting states with odd spins
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than for transitions deexciting states with even spin [6].
The B(M1) values for A/=1 transitions connecting the
side to the yrast band should have odd-even staggering
which is out of phase with respect to the B(MI1)
staggering for transitions deexciting states in the yrast
band and the side band. This is a fingerprint of the ideal
static chirality as discussed in [6, 8, 9]

To investigate the presence of chirality in a certain
nucleus, it is crucial to determine the B(E2) and B(M1)
values.

In many cases, the energy degeneracy of the chiral
candidate bands is nearly observed but the corresponding
transition probabilities are different, as in the cases of
134pr [7, 10] and '2Rh [11]. In the present paper we will
investigate the similarity between '?Rh, '**Pr and some
good candidates to express chirality in nuclei, like '*Nd,
128Cs and '**TI.

A good candidate for chiral symmetry nucleus is
characterized by the observation of two A/=1 bands of
the same parity with nearly degenerate excitation
energies, transition probabilities and other characteristics
[1]. Their inter-band B(E2) transition probabilities
should be strongly suppressed in comparison with the
intra-band B(E2) transitions rates [12]. A lot of partner
bands were reported as candidates for chiral symmetry in
different mass regions A = 80 [13], 100 [14-21], 130 [3-
5, 7, 10, 22-34] and 190 [35, 36]. An odd A nucleus of
135Nd [29] represent the chiral systems associated with a
3-quasiparticle configuration.
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2 Nuclear dynamic chirality

For the chiral partner bands is derived a set of indicators
owing to experimental systematics of the nuclear chiral
properties and a set of criteria which is needed to be
fulfilled.

To investigate the setting up of chirality in a certain
nucleus, it is important to determine the B(E2) and
B(M1) values. In Ref. [37], it is demonstrated that the
B(E2) and B(M1) pattern are not a unique fingerprint of
chirality, some other characteristics are also important.
Many lifetime measurements have been done, like for
example for the nuclei of interest: **Pr, !92Rh, !33Nd,
194T] and '2Cs. Lifetime results for '3*Pr are reported in
the Refs. [7, 10]. For these nuclei the B(M1) values in
both partner bands behave similarly. In contrast, the
intraband B(E2) strengths within the two bands differ. In
the spin region where the almost degeneracy of the
energy levels of the two bands occurs, the B(E2) values
for the yrast band are a factor 2 to 3 larger than those of
the side band. The B(M1) staggering in both bands is not
observed. In the case of '?Cs the electromagnetic decay
properties display the expected chiral pattern [31]. The
structure in which a pair of twin bands is close in
excitation energy, but the electromagnetic decay
properties do not show the chiral pattern, in Ref. [37] is
denoted as case A. The structure where the pair of twin
bands is close in excitation energy and the
electromagnetic decay properties display the chiral
pattern, is denoted as case B. Odd-odd nuclei in the A
~130 mass region can be classified as case A or case B
nuclei. In all these nuclei the cores are y-soft, their odd-
proton odd-mass neighbours have also a similar structure
and their odd-neutron odd-mass neighbours have a
similar structure, too. There is no evident reason for the
different structure of these nuclei, some of them being
chiral (case B) and some being not chiral (case A).
Either the structure of all these nuclei is not chiral, or
there is a mechanism that dynamically induces chirality,
in such a way that in case B it is far more pronounced
than in case A [37].

The structure typical for case A means the nuclei to
have twin bands, correct signature, different B(E2)
values in the two bands, absence of B(M1) staggering in
both bands and a very weak B(M1) staggering for Al =1
transitions from the side to the yrast band. This structure
is attributed to a weak dynamic (fluctuation dominated)
chirality in Ref. [7]. The structure where the pair of twin
bands is close in excitation energy and the
electromagnetic decay properties display the chiral
pattern, is denoted as case B. For case A the level
energies for the yrast and side bands are becoming closer
with increasing spin and cross at high spins, while in
case B they are equidistant from the spin region where
chirality sets up.

The chiral phenomenon is present in odd—odd, odd-A
and even—even nuclei. It has been experimentally
evidenced in the mass regions A = 80, 100, 130, 180,
200 [38].

3 Similarities in different cases

Three good examples to express chirality in nuclei in
different mass regions are '2%Cs, '3Nd and **T1. We will
make comparison between these nuclei and the two cases
which we have been investigated — the cases of '©?Rh
and "**Pr. Doppler-Shift Attenuation Method measure-
ments have been utilized in all the experiments. The
lifetimes and branching ratios were used to calculate the
B(E2) and B(M1) reduced transition probabilities. In
order to determine B(M1) values pure M1 transitions
were supposed.

The first proposed candidate to express chirality
was the odd-odd nucleus of 13*Pr with two 4I=1
rotational bands. The linking transitions are
determined to be either stretched E2 or non-
stretched AI=1 M1/E2 from the DCO analysis. Based
on the multipolarities of these transitions, spin and
parity of the side band are assigned. These two 4/=1
bands are almost degenerate Ref. [39]. In the mass
region A~130 are existing conditions for the angular
momentum coupling, due to the location in transition
region with nuclear deformation between spherical
and axially deformed shape. The first pair of 4/=1
bands with near energy degeneracy in an odd-mass
nucleus was identified in 135Nd [32]. The data for '**Nd
were taken from [32]. For mass region A~190 we chose
to study '**Tl and the data were taken from Ref. [40].
For A~130 the nucleus of 2®Cs was investigated, we
used the results reported in Ref. [31]. These nuclei are
representing some fingerprints for existence of static
chirality. Reduced transition probabilities - B(M1) and
B(E2), were derived from the measured lifetimes and are
shown in Fig. 1 and Fig. 2. For the case of '**Pr it is seen
that the B(M1) values in both partner bands behave
similarly and point to relatively strong transition
strengths. The intraband B(E2) strengths within the two
bands differ. These results are incompatible with pure
chiral picture (static chirality) where the intraband B(E2)
transition strengths must be almost equal [1, 6]. This fact
shows that static chirality is not reached in nucleus of
134pr and the nucleus stays in a very soft vibrational
regime [10]. Moreover, the behavior of the chiral
candidate bands is like in the discussed in the previous
section - case A. For the nucleus of '2Rh, due to the
limited statistic, we have determined only B(E2) values
in Band 1. These B(E2) values show a similar behavior
like in the yrast band of '3*Pr. An extension to higher
spins for the second band will answer the question
whether the twin bands cross in excitation energies of
the states. The excitation energies are similar, like it is
both cases A and B. We need to note that two bands
could be called degenerate at least when the energy
difference for analogue states is no more than 500 keV
[41].

For the case of '3Nd the B(E2) and B(M1) values for
the intraband transitions of the two bands are essentially
the same, pointing to their identical nature. In addition,
the B(M1) values of the intraband transitions exhibit a
characteristic staggering with increasing spin. A similar
staggering, but opposite in phase, is observed in the
B(M1) values of the interband transitions [32].
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All measured values for the

B(M1) and the B(E2)

transition probabilities in Bands 1 and 4 of '*T1 nuclei
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Figure 1. Experimentally determined B(E2) values for '92Rh,
134py, 135N, 1#T1 and '28Cs are shown.
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Figure 2. Experimentally determined B(M1) values for 2R,
134py, 135N, 19*T1 and '28Cs are shown.
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look very similar. This strongly supports the suggested
chiral symmetry of the two bands, and highlights the ex-
cellent near-degeneracy of this pair, making it perhaps
one of the best chiral symmetry pair known until now
[33].

The B(E2) and also B(M1) values are similar in the
side and the yrast bands of '?®Cs. The spin dependence of
reduced M1 transition probabilities inside bands show
characteristic staggering. The staggering of the B(M1)
values is observed also for the side yrast transitions in
128Cs [31].

For 'Nd, '"Tl and 'Cs excitation energies are
similar to case B and could be that conditions for static
chirality are fulfilled.

The existence of staggering of B(M1) values is
maybe the strongest test of static chirality. Figure 2
shows experimentally determined B(M1) values for
all 5 nuclei of interest. It is obvious that in 134Pr and
in 102Rh staggering is not seen. In the other 3 nuclei
135Nd, Tl and '%8Cs the existence of degenerate bands,
the B(M1) and B(E2) similarity and an indication for
staggering means that they fulfilled the requirement
for existence of chirality. Also, their excitation
energies are similar to the case B. The absence of the
staggering of the B(M1) values in 134Pr and in 102Rh,
indicate that dynamic effects as coupling of the
quasiparticles to fluctuations of the shape of the core
may lead to differences in the properties of these
bands [34]. Moreover, it is obvious that these nuclei
revealing dynamic character of chirality. More
experimental effort is needed in order to investigate
the chirality in nuclei. An accelerator centre like we
are building up in Sofia [42] will help the community
to investigate the interesting phenomena like nuclear
chirality.

4 Summary

Nuclear chirality is studied in five nuclei, namely
134Pr, 102Rh, 135Nd, 194Tl and !28Cs. The properties of
the yrast and the side band are discussed. For nuclei
134Pr and 192Rh it is clearly seen that the requirement
for existence of static chirality are not fulfilled. They
support the presence of dynamic chirality of the type
A [37]. In the cases of nuclei 135Nd, 194T] and 128Cs,
next to the existence of degenerate bands, B(M1) and
B(E2) are similar and conditions for static chirality
are fulfilled and they could be accepted as good
examples for presence of nuclear chirality, type B
[37].

The research has been supported by Bulgarian Science Fund
under Contract No. 08/6, 13.12.2016.
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