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Introduction

Nuclei with Z≈40 and N≈45 lie in a tran-
sitional region between the deformed nuclei
and spherical nuclei. There exist collective
bands in these nuclei, also their structure have
single-particle features, such as some isotopes
of nuclei Sr, Zr and Mo etc. Among these nu-
clei, the systematics of γ -vibrational states,
and structure of 84Zr have been studied us-
ing in-beam γ-ray spectroscopy by Doring et
al. [1] and three discrete transitions were ob-
served between the yrast superdeformed band
and states of normal deformation in 84Zr by
Chiara et al. [2]. Further, multiple superde-
formed bands in 83,84Zr have been studied in a
backed-target experiment, using the Gamma-
sphere and the Microball 4π detector arrays
[3]. Recently, Zheng et al. [4] have investi-
gate the shape evolutions of A ∼ 80 nuclei
and found triaxial deformations in 84Zr using
Total-Routhian-Surface calculations.

Encouraged by the above studies on Zr
isotopes near A = 80 region, we would
like to investigate high spin properties and
shape of 84Zr using cranked Hartree-Fock-
Bogoliubov (CHFB) theory employing a pair-
ing + quadrupole + hexadecapole model inter-
action [5–7] which has already implemented on
Kr isotopes for successful description of high
spin structures [5–7].

Theoretical Formulation and
Model

We employ a quadrupole-plus-
hexadecapole-plus-pairing model interaction

∗Electronic address: mkaushik007@gmail.com

hamiltonian,

H = H0 − 1
2

∑

λ=2,4

χλ

∑
µ

Q̂λµ(−1)µQ̂λ−µ

−1
4

∑
τ=p,n

Gτ P̂ †τ P̂τ , (1)

where, H0 stands for the one-body spherical
part, χλ term represents the quadrupole and
hexadecapole parts with λ = 2, 4 and the
Gτ term represents the proton and neutron
monopole pairing interaction. Explicitly we
have

Q̂λµ = (
r2

b2
)Yλµ(θ, φ) , (2)

P̂ †τ =
∑

ατ ,ᾱτ

c†ατ
c†ᾱτ

. (3)

In the above c† are the creation operators with
α ≡ (nαlαjαmα) as the spherical basis states
quantum numbers with ᾱ denoting the con-
jugate time-reversed orbital. The standard
mean field CHFB equations are solved self-
consistently for the quadrupole, hexadecapole
and pairing gap parameters. For more details
of calculations readers can refer to Ref [5, 6].

Results and Discussions
We investigate the energies of the yrast lev-

els with comparison to the experimental val-
ues which are plotted in the lower panel of Fig.
1. The parabolic shape is quite well repro-
duced as can be seen by figure. However, cal-
culated numbers are found lower as compared
to the experimental values toward higher an-
gular momentum. In order to demonstrate the
change in structure as a function of angular
momentum, we display a plot of moment of
inertia I vs. rotational frequency ω in the up-
per panel of Fig.1, (J = Iω). It is clear from
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FIG. 1: Lower panel: Calculated energies (hollow square) of the yrast states of 84Zr compared with
the experimental values (solid square). Upper panel: Variation of calculated moment of inertia (hollow
circle) as a function of rotational frequency in 84Zr is shown along with experimental values (solid
circle).

the upper panel of Fig.1 that calculated re-
sults exhibit upbends at frequency ω = 0.35
MeV like a sharp discontinuity at this point.
In the experimental curve this backbanding is
not observed. The experimental curve how-
ever, shows small sudden jumps at 0.5 MeV
and at 0.6 MeV. It is worth to note here that
for the nucleus 84Zr, triaxial and prolate de-
formations coexist in our calculations at high
spins which is similar result as that of ref∼[4].
As can be seen from Fig. 1, the moments of
inertia of the triaxial rotational band agree
with the experimental results in shapes how-
ever, not in the values . The upbending at the
rotational frequency is due to the alignments
of a pair of quasiprotons and quasineutrons.

At high spins in both experimental and the-
oretical curve, a down slope appears indicat-
ing the decreasing deformation which is also in
accordance with our theoretical calculations
for high spins. Our calculations show that
quadrupole deformations parameter β has its
value 0.29 for J = 0 i.e. for ground state.
For larger spins this value of β increases and
reaches upto its maximum 0.32 for J = 10,
and for high spin i.e. J > 10, the value of β

decreased and has its value 0.24 for J = 24,
which is in accordance of upper panel of Fig.1
and with the experimental data.
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