Proceedings of the DAE-BRNS Symp. on Nucl. Phys. 61 (2016)

3qp IBs based on different bandhead spin

Harjeet Kaur,” Pardeep Singh, Satnam Singh, and Rahul Khanna
Guru Nanak Dev University, Amritsar-143005.

Introduction

A comprehensive study of high-K three-
quasiparticle rotational bands in odd-A nu-
clei indicates the similarity in ~-ray energies
and dynamic moment of inertia (). In ar-
ticle [1], specific examples from the exper-
imental data on IBs in 3qp high-K rota-
tional bands based on different band head
spin in five pairs of nuclei viz. (1%3Er'7™ Ta),
(163E’F,181 I’I“), (177Lu,179 Ta), (171Hf,177 Re)
and (1Ta,'® I'r) have been discussed. By
Tilted-Axis Cranking (TAC) model calcula-
tions, it is established that the identical nature
between 3qp rotational bands is attributed to
the interpaly of structure parameters, pairing
correlations and the Nilsson orbital configura-
tions of nuclei.

TAC model and calculations

In this model, the mean field Hamiltonian of
a rotating field for either neutrons or protons,
is written as:

W = hey— A(PF + P)— AN
— w(Jysinf 4 Js cosb).

Here, hsp is the single particle Nilsson Hamil-
tonian in a deformed mean field as given below

[2]:
hsp = Vose + kls + p(IP— < 12 >),

where V,,. is a harmonic oscillator potential
whose frequencies are parameterized by Nils-
son’s alternative set of the deformation pa-
rameters € and 7:

2 2
wy, = wefdy; Q, = [1 — geg cos (’y - gyﬂ
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FIG. 1: I(h) vs. iw(MeV) plot establishing iden-
tical nature among the 3gp rotational bands of
163 pr 15Tq and ¥ Ir nuclei.

with v = 1,2,3 and wg is oscillator’s fre-
quency which is fixed by volume conservation
condition [2]. The monopole pairing operator
P together with the gap parameter A deter-
mines the pairing field. We have chosen A,
and A,, as 80% of the odd-even mass differ-
ence for protons and neutrons, calculated us-
ing the expressions as given in [3]. The chemi-
cal potential A is fixed to reproduce the correct
particle number at w = 0.

We carry out planar TAC calculations by
keeping ¢ = 0°. The angle 6 decides the tilt of
the cranking axis with respect to the z-axis in
the z-z plane of the intrinsic frame of reference
and is calculated as

tanf = el R ﬁ,

ws Js
where J; and J3 are the components of the
total angular momentum I along the 1 and 3
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FIG. 2: On left panel, I(A) vs. hiw(MeV) plot for
Y7L, 1Ta nuclei and on right panel between
bands of *"' H f '™ Re nuclei
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FIG. 3: I(h) vs. hw(MeV) plot establishing iden-
tical nature between the 3qp rotational bands of
163 By and 81 1r

axis, respectively. The total Routhian F(w) is
calculated by using the Strutinsky renormal-
ization technique [4],

E(w) = ELp — Esmootht < w | n | w>. (1)

The smooth part of the energy Egpo0th is cal-
culated by the Strutinsky’s averaging method
[4] and Epp is the liquid drop energy which is
given as in:

N — Z)?

ELD = (Bs_]-) 61A2/3+C2(‘AT3)
63Z2
+ (Bc—l)m
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where ¢; = 17.9439MeV, co = —31.9868 M eV
and c3 = 0.75031MeV. The surface integral
(Bs) and coulomb integral (B.) are used as
defined in [5].

The total Routhian (1) is then minimized
with respect to the deformation parameters
(€2,€4,y) to obtain a self consistent minimum
in total energy for a chosen configuration and
a cranking frequency w.

We then fix the deformation parameters at
these values and calculate the total energy for
each w at the corresponding equilibrium tilt
angles. TAC calculates the energy E as a func-
tion of rotational frequency. To compare the
experimental results with the calculated ones,
we transform the experimental energies into
the rotational frequency by using the relation:

hw(I) = B(I) — B(I - 1).

Considering the bandhead angular momen-
tum and parity, we have taken same config-
uration of high-K identical rotational bands
for our calculations. In FIGs. 1-3, we plot
the calculated angular momentum (I(%)) vs.
the rotational frequency (hw(MeV)) for the
pairs of nuclei exhibiting IBs and for compar-
ison, we plot in the same figure (curve with
solid circles and solid squares) the experimen-
tal data for these bands. The calculated band-
head spin-parity matches with the observed
ones. A close and almost similar trend justify
the identical nature.
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