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Introduction

The nucleus is a finite quantum many-body
system. The increase in the temperature (T )
and angular momentum (I) will leads to a va-
riety of nuclear shape transitions. The tem-
perature at which the shape transitions occur
is known as critical temperature. The occur-
rence of nuclear rare shape transitions at cer-
tain critical temperatures were predicted by
A. L. Goodman [1, 2]. Certain nucleus shows
more than one critical temperatures in their
phase diagram. In the present work, we dis-
cuss the variety of nuclear shape transitions in
hot and rotating 188Os nucleus with increasing
T and I. Our studies show that these nuclei
show a signature of rare shape transition from
non-collective oblate to non-collective prolate
at certain critical temperatures.

Theoretical framework

We have employed the microscopic-
macroscopic approach to calculate the free
energy surfaces (FES) of 188Os nucleus at
different combinations of T and I [3, 4].
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where ELDM is the liquid-drop energy cor-
responding to a triaxially deformed nucleus.
The shell corrections obtained with exact tem-
perature and spin dependence are given by
δF ω and δI. ω is the angular velocity tuned
to obtain the desired spin given by

ITOT = ℑrigω + δI ,
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and ℑrig is the rigid-body moment of inertia.

Results

At T = 1 MeV and I = 30~, the most
probable shape of the 188Os nucleus is a non-
collective oblate with the axial deformation
parameter β ∼ 0.15. At I = 45~, the nucleus
shows a triaxial shape with a lower β = 0.1
value. At I = 60~, the most probable shape
of the nucleus is a non-collective prolate with
a much lower β ∼ 0.08 value. Our study
shows that at T = 1 MeV, the nucleus shows
a clear shape transition from non-collective
oblate shape to non-collective prolate shape
with increase in the angular momentum.

At T = 1.5 MeV and I = 30~, the most
probable shape of the nucleus shows a non-
collective oblate shape with β = 0.1. At this
temperature, even at I = 60~, the most prob-
able shape of the nucleus is showing an non-
collective oblate shape with a lower β ∼ 0.02
value. At both T = 1 and 1.5 MeV the same
nucleus shows entirely different shape transi-
tions with increase in the I values. As the
T increases, the shell structure of the nucleus
changes very dramatically. At both T values,
the axial deformation of the nucleus decreases
with an increase in the I values.

Since the T window at which the rare shape
transition occurs is small, it is very difficult to
observe these transitions experimentally. The
giant dipole resonance studies has been con-
sidered as an unique tool to detect the nuclear
shape transitions at high T and I. Our group
has been working on rare shape transitions in
a variety of heavy A ∼ 190 nuclei with giant
dipole resonance experimental studies [5].
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FIG. 1: Free energy surfaces (FES) of 188Os at different temperature (T ) angular momentum (I). In this
convention, γ = 0◦ and −120◦ represent the non-collective and collective prolate shapes, respectively;
γ = −180◦ and −60◦ represent the non-collective and collective oblate shapes, respectively. The contour
line spacing is 0.2 MeV. The most probable shape is represented by a filled circle and first two minima
are represented by thicker lines.

Conclusion

At certain temperature, 188Os nucleus
shows a rare shape transition from oblate
shape rotating about it’s symmetry axis to
prolate shape rotating about it’s symmetry
axis with increase in the angular momentum
values.
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