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Introduction

The study of the proton-rich mass-80 nu-
clei is not only interesting from the structure
point of view, but it also has important im-
plications in the nuclear astrophysical study
[1]. In this mass region 84Zr has been stud-
ied up to very high spin [2, 3]. A system-
atic shell model study of this nuclei in this
region has been carried out in ref. [4]. We
have carried out study of g-factor for high spin
states 84Zr within the framework of cranked
Hartree-Fock-Bogoliubov (CHFB) using the
pairing + quadrupole + hexadecapole model
interaction Hamiltonian [5–7].

Theoretical Formulation and
Model

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

∗Electronic address: kaushik007@gmail.com

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 [8] are solved self-
consistently for the quadrupole, hexadecapole
and pairing gap parameters. The deformation
parameters, and pairing gaps are defined in
terms of the following expectation values:

D2µ = χ2 < Q̂2µ >, D4µ = χ4 < Q̂4µ > (4)

~ωβ cos γ = D20 , ~ωβ sin γ =
√

2D22 , ~ωβ40 = D40 ,

∆τ =
1
2
Gτ < P̂τ > . (5)

The oscillator frequency ~ω = 41.0A−1/3

(MeV), and β, γ and β40 are the usual defor-
mation parameters, while ∆p and ∆n are the
pairing gap parameters for protons and neu-
trons, respectively.

Results and Discussions
The study of g-factor has been extensively

employed in the past as a sensitive probe for
a better understanding of the structure of
ground state as well as excited states up to
very high angular momentum in stable nu-
clei in different mass regions. Therefore, di-
rect and definite information on nuclear struc-
ture can be obtained through measuring g-
factors. Nuclear structure at high spins in a
mid-weight mass region of A = 80 possesses
many interesting features. Among them the
quasi-particle alignment (QPA) is a significant
feature. The g-factor measurement of intra-
band states can provide unique information on
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FIG. 1: Theoretical (g-factor) gyromagnetic factors are compared with experimental values for 84Zr
[9].

QPA since g-factors of g9/2 protons are posi-
tive and large (gp = 1.38) and g-factors of g9/2

neutrons are negative and small (gn = -0.24).
The neutron and/or proton alignments gov-
ern the value and variation of g-factors with
spin. The experiment that measured g-factors
has been performed recently for 84Zr [9]. In
Fig. 1, we have shown comparison of calcu-
lated g-factor and experimental g-factor value
as a function of angular momentum. The
proton alignment causes the increasing of g-
factor, while the neutron alignment the de-
creasing of g-factor. A little increment in g-
factors can be seen around spin I = 12. This
is interpreted by the alignment response of
the quasi-protons and neutrons to the collec-
tive rotation of the nucleus. The competition
of the proton and neutron alignments can re-
sult in such a structure of the g-factors. The
observed large g-factors result from the g9/2

proton alignment followed by the g9/2 neu-
tron alignment at higher spins. The present
g-factors strongly confirm the mixed configu-
ration of proton and neutron alignments and
support the predictions of proton and neutron
interaction. However, the calculated g-factors
are lower in the peak region while compared

with experimental data [9].

Acknowledgments

Authors would like to thank Prof. H. L.
Yadav and Prof. A. Ansari for their uncondi-
tional support and guidance.

References
[1] H. Schatz et al., Phys. Rep. 294, 167

(1998).
[2] D. Rudolph et al., Phys. Rev. C56, 98

(1997).
[3] ZHU Sheng-Yun et al., Chin. Phys. Lett.

17, 560 (2000).
[4] R. Palit et al., Nucl.Phys. A686 , 141

(2001).
[5] H. L. Yadav et al., Particles and Nuclei

Letters, 112, 66 (2002).
[6] A. Ansari et al., Pramana Journal of

Physics 60, 1171 (2003).
[7] A. Ansari et al., Pramana Journal of

Physics 68, 105 (2007).
[8] P. Ring and P. Schuck, The Nuclear Many-

body Problem (Springer, Berlin, 1980).
[9] Yuan Daqing et al., Hyperfine Interactions

198, 129 (2010).

Proceedings of the DAE Symp. on Nucl. Phys. 58 (2013) 157

Available online at www.sympnp.org/proceedings


