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CHARACTERISTICS OF CHIRAL BANDHEAD
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The bandhead of most chiral bands are isomers with a large Weisskopf
hindrance factor. Such isomers are proposed as a type of K isomer. From
the data available for the mass region A ∽ 80, 100, 130, and 190, it has been
observed that the low value of reduced hindrance factors could be indicative
of triaxial shape and orthogonally coupling of the valence nucleon angular
momentum at the chiral bandhead.
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1. Introduction

Nuclear chirality was originally suggested in 1997 in Ref. [1], and since
then it has been investigated rigorously both theoretically and experimen-
tally. The classic examples of chirality are triaxial odd–odd nuclei where the
angular momenta of a high-j particle and a high-j hole are aligned along the
short and long axis, respectively, and the angular momentum of collective
rotation is aligned with the intermediate axis. Pairs of ∆I = 1 doublet bands
with the same parity and near degenerate energies have been observed in
several odd–odd, odd–A, and even–even nuclei, in the mass region of A ∽80,
100, 130, and 190. Such doublet candidates have been observed in more than
30 nuclei. Several theoretical approaches have been employed to explain the
observed doublet bands. For example, the particle rotor model (PRM) [1–5],
the tilted axis cranking (TAC) model [6–10], the TAC plus random-phase
approximation (RPA) [11], the collective Hamiltonian method [12, 13], the
interacting boson-fermion fermion model [14], and the angular momentum
projection (AMP) method [15–17]. The most successful approach has been
made in terms of chirality in nuclear rotation by Dimitrov et al. [10].

Additional observables such as static quadrupole moment and g fac-
tor [18–22] can also characterize nuclear chirality. In nuclear physics, the
g factor measurement provides essential data for the two odd-nucleon con-
figuration assignment. The first measurement of the g factor (gyro-magnetic
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ratio) in a chiral band has been carried out for the bandhead (I = 9+, 56 ns)
of 128Cs [22]. The experimental g-factor value is g = 0.59(1) and theoreti-
cally expected value is g = 0.51. This shows that the total spin (I = 9+)
of the isomeric state cannot be built chiefly by two angular momentum vec-
tors of the odd nucleons. A significant core rotation component needs to be
present in order to drive the g factor from g = 0.51 towards the experimental
value g = 0.59(1). The g factor can also be used to discern whether the three
angular momentum vectors lie in a plane (planar configuration, known as
chiral vibration) or whether they span the three dimensional space (aplanar
configuration, known as static chirality).

One of the less addressed observations in the case of chirality is that
the most chiral bandhead are isomers in nature. At present, there is no
theoretical discussion to explain the isomer nature of chiral bandhead in the
literature. In the present paper, we have addressed it and observed that
the reduced hindrance factors are almost of the same order for the chiral
bandhead in different mass regions. The low value of reduced hindrance
factors is indicative of triaxial shape and orthogonally coupling of the valence
nucleon angular momentum at the bandhead when nuclei exhibit chirality.

2. Hindrance factor and K isomer

The lifetime of a nuclear excited state that decays by γ-transition de-
pends on the transition energy, ∆E, and the change in quantum numbers
between the isomer and the state to which it decays, as following [23]:

τ ∝ 1

(∆E)2λ+1 | ⟨f | Tλ |⟩ |2
,

where λ is the multipole order and Tλ is transition operator between the
initial, i, and final, f , states. It depends on three factors, γ−transition
energy, multipole order, and the underlying transition matrix element, which
may be the product of many factors. If ∆E is small and the multipole order
is large, the lifetime is likely to be relatively long. Weisskopf estimated the
electromagnetic transition rates due to the transition of a single nucleon from
an initial state to a final state; these estimates provide us with reasonable
relative comparisons of the transition rates. The ratio of the experimental
half-life, tγ1/2 to the Weisskopf estimate of the half-life of electromagnetic
transition, tw1/2 , is known as the Weisskopf hindrance factor [23–26], FW

FW =
tγ1/2(experimental)

tw1/2(Weisskopf estimate)
.

If the observed decay rate of a certain γ-transition is several orders of
magnitude smaller than the Weisskopf estimate, we might suspect that the
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poor matching of the initial and final wave functions is slowing down the
transition rate. Similarly, if the transition rate was much higher than the
Weisskopf estimate, we can guess that more than one single nucleon is re-
sponsible for the transition.

The shell model predicts the existence of isomers when excited states
require large multipole (λ) transitions for their decay. Nuclei with/or near
the magic number are more or less spherical in their ground state. Mov-
ing towards the middle shell, the shape usually becomes deformed. At high
angular momentum and high excitation energy, also the nuclei can change
their shapes/deformations. It is known that most deformed nuclei preserve
rotational symmetry and then, their states may be characterized by the
K quantum number which is defined as the projection of the total angular
momentum onto the symmetry axis. In most of the deformed nuclei, the
transition probabilities depend on the difference between the K quantum
numbers of the initial and final states, denoted by ∆K [26, 27]. If this dif-
ference is larger than the multipole order λ of the electromagnetic transition,
then such a transition is hindered by the degree of forbiddenness (also known
as K forbiddenness) given by ν = ∆K − λ. Here, it is more appropriate to
utilize the role of the ν that further reduces to the FW, so-called reduced
hindrance factor Fν [28–30] and is expressed as

Fν = (FW)1/ν , (1)

logFν =
1

ν
logFW . (2)

Such conditions can also occur when the gamma transition decays from a
deformed level with K to the spherical level with zero K.

3. Systematics of chiral bandhead and discussion

To elaborate further, let us take the example of mass region ∼ 130
[31–35]. The observation of systematic chiral bands is built on unique-parity
h11/2 valence proton and neutron orbitals. From the Nilson diagram, one
can see that the Fermi level lies in the lower part of the h11/2 proton sub-
shell (i.e., K = 1/2), and the higher part of the h11/2 neutron subshell (i.e.,
K = 11/2). The angular momentum for an orbital with K = 1/2 is oriented
along the short axis of the triaxial core, while for an orbital with K = 11/2
is oriented along the long axis [1, 36]. Such orientations result in a maximal
overlap of the core wave function with the particle-like wave function and a
minimal overlap with the hole-like wave function; in both cases, the overlap
results in a decrease in energy due to the attractive nature of the nuclear
force.
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In such a scenario, the bandhead spin of chiral bandhead is generated
mainly due to the mutually perpendicular angular momentum of quasi-
particles. The bandhead spin can be calculated/expected with the help
of Cosine law of vector addition i .e.,

√
jπ(jπ + 1) + jν(jν + 1) ∼ 8ℏ for

jπ = jν = 11/2, assuming no contribution from all paired nucleons of the
core. Most of the chiral bands in the mass region ∼ 130 have bandhead spin
8+, which is reasonable with the calculation. Therefore, the bandhead spin
for the πh11/2⊗vh11/2 band itself suggests nearly orthogonal coupling of the
angular momenta for the valence proton and neutron.

The chiral bandhead in mass region ∼ 130 [31–35, 37–42], decaying by the
E1 transition, which corresponds to the configuration change from πh11/2 ⊗
vh11/2 for the initial state into π(d5/2g7/2)νh11/2 for the final state [39, 40].
The πh11/2 → π(d5/2g7/2) E1 transition is forbidden in spherical nuclei by
the selection rules for the E1 operator, but in deformed nuclei, the πh11/2
orbital picks up f7/2 and πh9/2 components, that allow for E1 transitions.
Since these admixtures are necessarily small, the resulting E1 matrix element
is small as well, which explains the relatively long lifetime.

In the present work, we have looked for the possibility of the chiral band-
head as a kind of K isomer. One can expect a correlation of the nuclear
deformation/shape with the hindrances since (i) lower deformation implies
higher rotational frequencies (for a given spin) and larger Coriolis effects,
hence more K mixing in both initial and final states, and (ii) transitional
nuclei where γ-softness effects could lead to a loss in the identity of K, essen-
tially through mixing and, hence, that causes low hindrances [46]. Various
studies by Walker and collaborators [47–51] examined the above character-
istics (i–ii) in the mass A ∼ 130, 180 and 250 regions. Also, the studies
[51–53] showed strong correlations between the Fν found and the product of
the valence nucleon numbers, NpNn [54–56]. The NpNn reflects the charac-
teristics of the deformation. One would expect a correlation with hindrance
factors since at low values of NpNn, lower deformation implies higher rota-
tional frequencies (for a given spin) and large Coriolis effects, hence more K
mixing in both initial final states [46]. This leads to a low hindrance factor.

Here, it is proposed that the E1 transition, which emits from the initial
state configuration πh11/2⊗vh11/2 to the final state configuration π(d5/2g7/2)
νh11/2 occurs in mass A ∼ 130 [39, 40]. The πh11/2 ⊗ vh11/2 orbitals are in
deformed shape, while π(d5/2g7/2) is in a spherical shape. The K value for
the deformed state can be calculated as kπ+kν ∼ 6 for kπ = 1/2, kν = 11/2,
while for the spherical state it is zero. The ∆K is 6 and ν would be 5 for
E1 transitions. Similarly, for πg9/2⊗vg9/2 and πg9/2⊗vh11/2 configurations
in mass ∼ 80, 100 [43–45], where the deformed state decays into spherical
a state and the ν values will be 4 and 5, respectively. The Fν values are
compiled in Table 1 for the E1 decay from the chiral bandhead isomer. For
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Table 1. The FW and Fν values calculated for the E1 decay branches [38–45].

Isotopes Configurations Iγ Eγ [keV] t1/2[ns] ν FW FW/104 Fν = (FW)1/ν

80Br πg9/2 ⊗ vg9/2 59 (1) 271.4 0.40 4 36007.82 3.60 13.77
100Tc πg9/2 ⊗ vh11/2 9 (2) 364.7 0.28 5 465020.20 46.50 13.59
104Rh πg9/2 ⊗ vh11/2 36 (1) 215.6 42 5 3744067.79 374.40 20.63
128Cs πh11/2 ⊗ vh11/2 100 158.7 50.00 5 776923.07 77.69 15.06
132La πh11/2 ⊗ vh11/2 27 (2) 350.8 0.10 5 59700.69 5.97 9.01
134Pr πh11/2 ⊗ vh11/2 100 306.5 3.18 5 347926.26 34.79 12.83
136Pm πh11/2 ⊗ vh11/2 100 42.7 1500.00 5 434782.60 43.47 13.41
138Pm πh11/2 ⊗ vh11/2 100 173.6 21.00 5 415151.51 41.51 13.29

consistency, only the E1 transitions are investigated here, similar to E2,
I → I − 2 branch transitions used in Refs. [47, 57] to calculate Fν values.
Figure 1 shows the pattern of FW and Fν values. The FW values seem
to be randomly distributed, while the Fν values appear to be uniformly
distributed. This indicates a correlation between the FW and Fν values of
chiral bands. Furthermore, the low value of Fν for the chiral bands can
be indicative of orthogonal coupling of angular momenta at bandhead and
triaxial shape.

100

200

300

400

500

600

80 100 120 140 160
-10

0

10

20

30

40

50

60

F
ν

F
W

 / 10
4

H
in

d
ra

n
c
e
 F

a
c
to

rs

Atomic Mass 

Fig. 1. Figure shows the comparison between FW and Fν values calculated for the
E1 decay branches.
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4. Conclusion

Most of the chiral bandheads show isomerism. Reduced hindrance factors
from the E1 transition have been compared for chiral bandhead in mass ∼ 80,
100, and 130 regions to explore a correlation between reduced hindrance
factors and chiral bandheads. The low value of reduced hindrance factors is
indicative of γ-soft/triaxial shape and orthogonally coupling of the angular
momentum of valence nucleons at the chiral bandhead.
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