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A unified description of nuclear excitations
is one of the major research themes in nuclear
structure physics. The possible modes of nu-
clear excitations are of single-particle, vibra-
tional and rotational in character and in many
nuclei these three modes coexist. One of the
major challenges to nuclear models is to pro-
vide a unified description of these excitation
modes. There is a long history of phenomeno-
logical models that were introduced to study
the interplay among the three modes of exci-
tations [1]. On the microscopic front, there
are very few models capable of describing the
three modes of excitations in a unified man-
ner, in particular, at higher angular momenta.
Mass ≃ 110 region depicts some of the most
interesting features in the nuclear periodic ta-
ble. For instance, some nuclei in this region
depict quite large deformation with β ≃ 0.45
and is understood as due to the reinforcing
effect of proton and neutron deformed shell
gaps at Z=38, 40 and N=60, 62 [2]. Fur-
ther, in some nuclei in this region, well de-
veloped γ- and γγ- bands have been observed
up to quite high angular momenta. For in-
stance, γ- and γγ- bands have been identi-
fied in 104−106Mo isotopes [3]. In neutron-rich
odd-mass 103−107Mo collective band were in-
vestigated to higher spin including yrast bands
as well as some side bands built on the single-
neutron orbits. Although, yrast bands in this

∗Electronic address: prince$_$ganai@yahoo.co.uk

region have been studied using theoretical ap-
proach of total routhian surface analysis, but
there apppears no systematic investigation of
the γ-bands in this mass region [2].

Recently, the multi-quasiparticle TPSM ap-
proach has been employed to investigate the
high-spin band structures in Er-isotopes and
in the mass=130 region [4, 5]. It has been
demonstrated in these studies that γ-bands
are built on each intrinsic configuration of the
mean-filed potential and generalizes the well
known surface γ-vibration in deformed nu-
clei built on the ground-state configuration[3].
These recent developments in TPSM approach
have greatly enhanced the model predictabil-
ity and may provide new insights into the ob-
served bands with unknown structures. As
a matter of fact, by using this approach, the
interpretation of complicated band structures
has reached a quantitative level [6]. In the
present work, we have further generalized the
TPSM approach to study the γ-vibration in
odd-mass nuclei. A preliminary application
of this new development for the odd-proton
system, 103Nb, has already been reported [7].
We have developed TPSM model to both odd-
proton and odd-neutron systems and would
like to investigate the observed γ-vibrational
band structures in the mass ≃ 110 region. In
this mass region, γ-bands have been observed
in even-even 102−108Mo and 108−112Ru nu-
clei, odd-neutron 103−107Mo, and odd-proton
103Nb. Further, this is the only region where
γ- and γγ-bands have been identified in odd-
mass 105Mo and 103Nb nuclei [8].
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FIG. 1: The calculated yrast-, γ- and γγ-bands of
105Mo are compared with the corresponding ex-
perimental data [9].

For the study of odd-neutron system, our
model space is spanned by the following
angular-momentum-projected one- and three-

qp basis {P̂ I
MK a†nΦ, P̂ I

MK a†na
†
p1a

†
p2Φ}, The

qp basis chosen is adequate to describe high-
spin states up to I ∼ 20~ for even-even sys-
tem, I ∼ 35/2~ for even-odd and odd-even
nuclei considered in this work. In the present
analysis we shall, therefore, restrict our discus-
sion to this spin regime. For the self-conjugate
vacuum or 0-qp state, κ = 0 and, therefore, it
follows from the above equation that onlyK =
even values are permitted for this state. For
2-qp states, a†a† |Φ〉, the possible values for
K-quantum number are both even and odd,
depending on the structure of the qp state.
For example, for a 2-qp state formed from
the combination of the normal and the time-
reversed states κ = 0, only K = even values
are permitted. For the combination of the two
normal states, κ = 1 and only K = odd states
are permitted. For one-qp state, κ = 1/2
(−1/2), and the possible values ofK are there-
fore 1/2, 5/2, 9/2, . . . (3/2, 7/2, 11/2, . . . .
In the present calculation the triaxial Nils-

son mean-field Hamiltonian, which can is ob-
tained by using the Hartree-Fock-Bogoliubov
(HFB) approximation, employed is given by

ĤN = Ĥ0 −
2

3
~ω

{

ǫQ̂0 + ǫ′
Q̂+2 + Q̂−2√

2

}

.

(1)

The interaction strengths are taken as follows:
The QQ-force strength χ is adjusted such that
the physical quadrupole deformation ǫ is ob-
tained as a result of the self-consistent mean-
field HFB calculation. The monopole pairing
strength GM is of the standard form GM =
(20.12 ∓ 13.13N−Z

A
) 1

A
(MeV), where −(+) is

neutron (proton). The configuration space
used is (π = 3, 4, 5 for protons and ν = 4, 5, 6
for neutrons). The TPSM study has been per-
formed for odd-neutron 105Mo nucleus. The
axial and non-axial deformations used in the
present work are 0.300 and 0.110 respectively .
Non-axial deformations have been ascertained
from the PES calculations, wherever a mini-
mum was obtained, otherwise fitted to repro-
duce the γ-band head energy.

The TPSM results for 105Mo, Fig. 1, show a
very nice agreement with the agreement with
the experimental data for the yrast and as well
for γ- and γγ-bands. This is the only odd-
neutron system in which both γ- and γγ-bands
have been observed upto high spin [9].
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