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Introduction
In the neutron-rich region with A ∼ 100 and
Z ∼ 40, the shape transition from spherical to
large quadrupole and triaxial deformation has
long been of a major interest [1]. The proper-
ties of these nuclei also play a vital role in the
calculations pertaining to astrophysical nucle-
osynthesis throgh the r-process. In the case
of Tc isotopes in neutron-rich region, the pro-
ton Fermi level changes as the neutron number
increases. The Fermi level for lighter isotopes
97,99Tc is close to 1/2+ and 3/2+ states of g9/2
orbital with a small deformation. However, for
more neutron rich isotopes 107−111Tc, Fermi
level approaches the 5/2+ state with larger de-
formation. Thus in an isotopic chain, as neu-
tron number increases, the coupling scheme
changes from weak to strong and hence the
ground state band with their signature part-
ners can be observed. The rigid triaxial ro-
tor plus particle model calculations [1] suggest
that the triaxiality also increases with the neu-
tron number. In the present work, microscopic
rotation-particle coupling model [2] is utilised
to investigate 111Tc with its non-rigid rotor
110Mo. The effect of triaxial deformation γ on
the structural properties of these neutron-rich
nuclei is highlighted.

Formalism
The wave function of an odd-A nucleus is
given by

ΨIM (~r, ω) =
∑

ljRτ

φIljRτ (r)

r
|ljRτ, IM〉, (1)

where the quantum numbers (I,M,K) cor-
respond to the particle-plus-rotor system,
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(l, j,Ω) are related to the particle and
(R,KR,MR) correspond to rotor [2]. φ

I
ljRτ (r)

and |ljRτ, IM〉 are the radial and angular
parts of the wave function, respectively.
The total Hamiltonian reads

H = Havg +Hpair +Hrot , (2)

whereHavg corresponds to the intrinsic energy
of the odd particle. The pairing interaction is
given by Hpair, and Hrot is the rotor Hamil-
tonian. The matrix element of Hrot can be
written in K-representation by utilizing the
experimental rotor energies ETRi and the cal-
culated wave functions cRiKR as [2]

〈ljΩp′K
′, IM |Hrot|ljΩpK, IM〉 =

∑

RKR′KR

AIK
′

jΩp′RKR′

∑

i

cRiKR′ETRic
Ri
KR
AIKjΩpRKR ,

=WK
′K

jΩp′Ωp . (3)

Here, the rotor wave functions and the unob-
served rotor energies are calculated through
variable moment of inertia (VMI) method [2].
The amplitude AIKjΩp,RKR correspond to the

transformation of the wave function from R-
representation to K-representation and vice
versa. The matrix element of the total Hamil-
tonian H can be written as

〈q′K ′, IM |H|qK, IM〉 =

εq δK′Kδq′q +
∑

ljΩp′Ωp

WK
′K

jΩp′Ωp

×
∫
dr fuv φ

IK′∗
ljΩp′
(r) φIKljΩp(r) , (4)

where q defines the particle state and εq is the
quasiparticle energy. The quantity fuv is used
to transform the matrix element from single-
particle states to quasiparticle states. Here
we have employed the universal set of param-
eters [3] for the mean field potential of Woods-
Saxon form.
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FIG. 1: Rotational spectra of 110Mo and 111Tc
calculated within the microscopic nonadiabatic
quasiparticle approach. The green lines corre-
spond to the experimental spectra for 110Mo [5]
and 111Tc [1].

Results
The neutron rich nucleus 111Tc and its ro-

tor 110Mo are studied with microscopic nona-
diabatic quasiparticle approach. In the ro-
tor 110Mo, experimental finding of second 2+

state lower than the first 4+ state suggests
the enhanced axial asymmetry or γ defor-
mation [5]. With the Grodzins formula the
quadrupole deformation for 110Mo nucleus is
calculated as 0.31 [6]. A considerable γ de-
formation is also assured from the newly ob-
served gamma band at a lower energy. The
best agreement between our model and data
is achieved at the value of triaxial deforma-
tion, γ = 25◦. The experimental data and
calculated results for 110Mo are presented in
Fig. 1(a). The corresponding VMI parameters
are C = 0.04 MeV3 and I0 = 20.27 MeV−1.
Since the configurations of the ground and
gamma bands are same, the energy difference
between their band-heads are reproduced well
by our calculations.
With the rotation particle coupling, the en-
ergy spectra of the particle-plus-rotor system
111Tc is calculated and the corresponding re-

sults are presented in Fig. 1(b). The low
lying states of ground state band built on
5/2+ are successfully reproduced at β2 = 0.35,
β4 = 0.076 and γ = 25

◦. The high angular
momentum states are not in a good agreement
with the data [1] which indicates shape change
of the nucleus with rotation. The side band
of 111Tc built on 7/2+ is also presented in
Fig. 1(b) which depicts good correspondence
with the data. Both the ground state band
and side band of 111Tc have predominant con-
tributions from the 2d5/2 and 1g9/2 orbitals.

Conclusion
With the microscopic nonadiabatic quasi-
particle approach we could successfully repro-
duce the ground state band and side band of
neutron rich nucleus 111Tc with its core 110Mo
at γ = 25◦. The quadrupole deformation
β2 = 0.35 turns out to be for

111Tc. Orbitals
2d5/2 and 1g9/2 have maximum contribution
in the configuration of ground and side bands
of 111Tc.
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