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The knowledge of nuclear level densities is a
crucial input in various fields and applications
such as the creation of consistent theoretical
description of excited nucleus properties and the
nuclear reaction cross-section calculations for
many branches of nuclear physics, nuclear
astrophysics, nuclear medicine, and applied areas
such as medical physics, etc. The analytical
expressions used for the nuclear level density
calculations are based on the Fermi gas model.
The most widely used description of the nuclear
level density is the Bethe formula, based on the
thermodynamic relation between entropy and the
average energy of a system considered in the
framework of non-interacting particles of the
Fermi gas. However, the subsequent contributions
based on this do not take into account the
collective effects, which may play a basic role in
describing the nuclear level density of some
deformed nuclides.

The evaluation of the level density
parameter 'a' is important since it plays a major
role in the determination of the nuclear level
density, which is a basic ingredient in any
statistical analysis of nuclear reactions. It has been

a subject of many investigations at low and high

excitation energies, both for experimentalists and
theoreticians. At finite temperatures both small
and large amplitude shape fluctuations can
influence the level density parameter [1].

The temperature dependent level density
parameter plays an important role in the study of
shape transitions in hot rotating nuclei. It can be
investigated by mean field theories such as
Hartree - Fock method and the Landau theory of
phase transitions, but these theories ignore the
statistical thermal fluctuations. For a nucleus with
finite number of particles, such fluctuations on
level density parameter can be large. The aim of
this work is to obtain the level density parameter
for 1°Sn and ''°Sn as a function of temperature
and angular momentum using Landau theory
The

thermodynamical functions were evaluated using

including  thermal  fluctuations  [2].

cranked Nilsson — Strutinsky prescription, that is,
F(T.EBy) = E(MLEBY) =TS = Eg+ Egow (1)

According to Landau theory of phase
transitions the probability the system has to
display a given shape characterized by the

parameters (B,y) is given by

P(B.7) = Z7exp[-F(B.7)/T] (@)
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where Z = j drexp[-F(B,7)/T] is the

partition function.
The Bohr rotation — vibration volume element

is used in the calculations and is

dr = p* sin3y | dpdy ©)
The ensemble average of the entropy that
depends on B,y is calculated by the relation
(S(1LT))=2"[deP(B,7)S(8,7) (4)

Using the standard entropy relation S=2aT, and
the averaged quantity given in equation (4), one
determines the level density parameter including

shape fluctuations as,

(S(1,7))
a)=——- 5
(@)="—> (5)
The level density parameter calculated at

equilibrium configuration (Bo, yo) without thermal

fluctuations is

S(Bs:70)
2T

a=

(6)
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Table 1: NLD parameter for the case of '°Sn
as a function of temp. and angular momentum

References:

[1] T. Von Egidy and D. Bucurescu, Phys. Rev.
C72, 4(2005)

[2] Y. Alhassid et al., Nucl. Phys. A469,
205(1987)

[3] G. Shanmugam and V. Selvam, Phys. Rev.
C62, 014302(2000)

259

In the calculations performed here, the Landau
theory is used in complete form and the constants
are evaluated by least square fitting with the =0
free energy surfaces obtained by using the
cranked Nilsson — Strutinsky method [3,4].

The results obtained for the level density
parameter as a function of temperature and
angular momentum for the case of **°Sn and **°Sn
nuclei are shown in the tables 1 and 2. It is seen
from the tables that there is a marked variation in
the level density as function of temperature and
spin and the change in level density as a function
of temperature is more pronounced than that
obtained as a function of angular momentum. The
results obtained are also in conformity with the
temperature dependence of the level density

parameter observed experimentally [5].
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