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Particle-rotor-model calculations in 125I
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Abstract. Recent experimental data on125I has revealed several interesting structural features.
These include the observation of a three quasiparticle band, prolate and oblate deformed bands,
signature inversion in the yrast positive-parity band and identification of the unfavoured�h11=2

band showing very large signature splitting. In the present work, particle-rotor-model calculations
have been performed for the�h11=2 band, using an axially symmetric deformed Nilsson potential.
The calculations reproduce the experimental results well and predict a moderate prolate quadrupole
deformation of about 0.2 for the band.
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1. Introduction

Detailed experimental studies have recently been carried out in125I by the present group
[1,2]. These experiments have led to significant additions and alterations to the level
scheme of125I reported earlier in the literature [3–5]. The level scheme based on the recent
new data is given in ref. [2]. Important structural aspects inferred from these studies are:
(i) the assignment of an oblate shape to the yrast positive-parity band and a prolate defor-
mation for the�g9=2 band, based on the sign of the multipole mixing ratios for the�I = 1
in-band transitions; (ii) confirmation of a three quasiparticle configuration to an excited
sequence of states depopulating by mixed M1/E2 transitions with a small but significant
E2 transition rate of several single-particle units, indicating collectivity; (iii) identification
of the weakly populated unfavoured signature partner of the prolate�h 11=2 band and the
presence of very large signature splitting leading to an inversion in the level ordering, in-
dicative of a rotation aligned nature. Besides, a signature inversion was observed in the
positive-parity yrast band in125I as in all the lighter odd-A iodine isotopes at a spin of
about 17/2. The above results permit a systematic study of all the odd-A iodine nuclei with
A = 119–125.

Motivated by the above experimental results, particle-rotor-model (PRM) calculations
were performed in order to provide a better understanding of the structure of theh 11=2
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Figure 1. Comparison of the experimental energy levels ofh11=2 band in125I with the
g.s. band of the124Te and PRM calculations with124Te and126Xe cores.

band in125I. This band has been tentatively interpreted in our eralier work [2] on the basis
of the experimental data and the systematics of similar bands in the neighbouring odd-A
iodine nuclei to have a rotaional character, as noted above. However, the level spacings of
the band do not reflect theI(I+1) pattern, characteristic of rotational sequences. The lack
of lifetime information for the band members is a further hindrance in obtaining definite
structural details.

2. Particle-rotor-model calculations

The level scheme of theh11=2 band, shown in figure 1, closely resembles the ground state
band of the neighbouring even–even124Te nucleus [6]. The interpretation of the latter
band is not unambiguously reported in the literature although a recent work [6] indicates
that an interacting boson model may explain the low energy states fairly well, favouring a
vibrational nature. Considering the close resemblance between theh 11=2 band in125I and
the yrast band in124Te, it may appear that the former band also has a vibrational character.

However, an earlier work by Leeet al [7] suggests a deformed shape for the ground
state band in124Te, based on a dynamic deformation model [8] which shows a potential
minimum at� � 0.2, independent of the non-axial deformation parameter
.

A survey of the theh11=2 band in the lighter odd-A 119�123I nuclei, studied up to high
spins, show that the band has been interpreted to have a prolate deformation arising from
the Nilsson configuration [550]1/2� [9–11]. This is consistent with the large signature
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splitting observed for the band in119I where the unfavoured signature band has been
identified [9]. However, the weakly populated unfavoured band has not been observed
in 121;123I [10,11]. The identification of the 13/2� and 17/2� states in125I as members
of the unfavoured sequence [2], based on their decay pattern, suggests that theh 11=2 band
in 125I may also have a structure similar to those in the lighter iodine nuclei, rather than a
vibrational nature. Particle-rotor-model calculations have been previously used to under-
stand the structure of theh11=2 band in121;123I [12]. Accordingly, PRM calculations were
performed for125I using both124Te and126Xe as the core. The ground state band in126Xe
is reported to have a rotational collectivity [13,14].

The details of the PRM calculations are similar to those reported previously for121;123I
[12]. The motion of the odd proton in deformed Nilsson orbit is coupled to the rotation of
the core through the Coriolis interaction. The core has been assumed to be axially symmet-
ric (
 = 0Æ). The experimental level energies of the ground state band in the core nucleus
are provided for calculation of the moment of inertia. Nilsson parameters� and� were
taken from ref. [15]. The deformation parameter� and the Coriolis attenuation factor�
were used as the free parameters. Figure 1 shows the results of the calculations using124Te
as the core for� = 0:21, 
 = 0Æ and� = 0:88. They appear to reproduce the experimental
spectrum fairly well. Although the predicted energies are higher for all the states, the large
signature splitting leading to an inversion of the level ordering is well predicted. This lends
support to the interpretation of theh11=2 band in125I as a decoupled band with a prolate
deformation. The band is expected to be moderately deformed with� � 0:2. Although an
axial symmetric core seems to predict the observed spectrum reasonably well, it is possible
that a triaxial-core (non-zero
) may lead to even better agreement.

Similar calculations were performed with a126Xe core where the experimental energies
of the ground state band in126Xe [14] were used. The results, shown in figure 1, indicate
that the low energy states with spins up to 21/2� are somewhat better predicted compared
with the calculations using124Te core. This lends further support to the interpretation that
theh11=2 band in125I is prolate deformed with a quadrupole deformation of about 0.2. It
is therefore reasonable to infer that the band in125I has a structure which is similar to the
h11=2 bands in119;121;123I [9–11]. More definite conclusions regarding the structure of the
band can be inferred only if lifetime information are available for the states in125I.
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