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Introduction

The study of band structures in terms of
multiphonon gamma bands is an important
topic in nuclear physics. The excitation at low
spin region for proton rich nuclei is an impor-
tant issue, but to understand the interaction
of multiquasi particle excitation with gamma
vibrational band, it is mandatory to study
the high spin states. There are many impor-
tant phenomena like nuclei with triaxially de-
formed (triaxial nuclei), shape coexistance are
seems to be observed in this mass region. But
with the increase in neutron number, the prop-
erties like triaxiality and the multiphonon γ
vibrational bands are developed, as recently
observed in neutron rich region i.e in Mo and
Ru [1]. The chiral nature of bands and the na-
ture of collective bands (in addition to ground
state band) have also been observed in this
mass region. The basic configuration for this
mass region is h11/2 for neutron and g9/2 for
proton orbitals. There is a lot of experimental
data which predicts the γ- and γ γ- vibrational
bands in several nuclei in mass region A ∼100
as in 103,105,107,109,111Tc [2–4], 103Nb, and also
in odd-N 105Mo. The first identifaction of 2γ
bands have been reported in 107Tc [5], 103Nb
[6], 105Mo [7] and are the best candidate for
the existance such band structures.
Understanding of multiquasi particle bands
more elobrately validate the theoritical mod-
els. Several theoritical models have been
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proposed to study the γ viberaion proper-
ties in various mass regions which gave suc-
cess to a great extent. Like the quasiparti-
cle phonon nuclear model (QPNM), the mul-
tiphonon method (MPM), the dynamic defor-
mation model (DDM), algebraic models in-
cluding the extended version of the interacting
boson (sdg-IBM) and pseudosymplectic mod-
els have also been employed to study the γ-
excitation modes and these predict high col-
lectivity for the double γ- vibration. There
was a considerible effort to study the γ- ex-
citation spectrum by random phase approx-
imation (RPA) approach. The advantage of
the triaxial projected shell model (TPSM) is
that it describes the deformed single-particle
states mircoscopically as in QPNM, MPM,
and DDM, but its total many-body states are
exact eigenstates of the angular momentum
operator.
Recently, TPSM approch has been successful
to provide the coherence and accurate descrip-
tion of yrast, γ- and 2γ- bands in transitional
nuclei. In the present work, the TPSM calcu-
lations are performed for odd-proton system.
For such system, the basis space connsists
of one-proton, and one-proton + two-neutron
states. The qp basis chosen above is adequate
to describe high-spin states up to I ∼ 35/2~
for odd-mass nuclei considered in this work.
In the present analysis we shall, therefore, re-
strict our discussion to this spin regime. For
one-qp state, κ = 1/2 (−1/2), and the possi-
ble values of K are therefore 1/2, 5/2, 9/2, . . .
(3/2, 7/2, 11/2, . . .).
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FIG. 1: (Color online) Comparision of experimen-
tal and theoritical energies for yrast, γ and 2γ
bandsrespectively.

As in the earlier PSM calculations, we
use the pairing plus quadrupole-quadrupole
Hamiltonian given by.

Ĥ = Ĥ0−

1

2
χ
∑

µ

Q̂†
µQ̂µ−GM P̂ †P̂−GQ

∑

µ

P̂ †
µP̂µ

(1)

Here Ĥ0 is the spherical single-particle Hamil-
tonian, which contains a proper spin-orbit
force. The interaction strengths are taken
as follows : The QQ-force strength χ is ad-
justed such that the physical quadrupole de-
formation ǫ is obtained as a result of the self-
consistent mean-field HFB calculation.
In the present calculation, we take G1 = 20.82
and G2 = 13.58, which approximately repro-
duce the observed odd-even mass difference in
the mass region. This choice of GM is appro-
priate for the single-particle space employed in
the model, where three major shells are used
for each type of nucleons (N = 3, 4, 5 for both
neutrons and protons). The quadrupole pair-
ing strength GQ is assumed to be proportional

toGM , and the proportionality constant being
fixed as 0.18.
Recently, TPSM approach has been devel-

oped and it has been shown to provide a co-
herent and accurate description of yrast, γ-
, and 2γ-bands in transitional nuclei [8, 9].
TPSM calculations have been performed for
odd mass system 105Nb with qudrapole defor-
mation parameter ǫ = 0.339 and triaxiality ǫ

′

= 0.150. The axial parameter is chosen from
the measured qudrapole of the system or the
available tablated values, while as the triaxi-
ality has been chosen from the minimum po-
tential energy surface (PES) of the neuclus or
chosen in such a way so as to reproduce band
head of the γ band accurately. It is quite evi-
dent from the Fig. 1 that TPSM calculations
have reproduced the band structures of the
105Nb quit well. The band heads of γ band
in our calculation starts from spin I = 9/2,
while as the band which is build on γ band i.e
2γ starts from I = 13/2 which is consistant
with experimental investigations. It is quite
interesting that the band head of both γ- and
2γ-bands are quit well reproduced by TPSM
calculations.
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