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Abstract: The 62 Sm147 nucleus is investigated on the basis of the method of statistical mechanics by assuming the 
nucleons to move in tri-axially deformed Nilsson potential. In the ground state most nuclei are spherical, prolate or 
possibly tri-axial. Very few cases of really oblate nuclei have been found experimentally. The effect of rotation on nuclear 
structure under extreme condition of temperature and deformation is very important for understanding the intrinsic 
properties of nuclei. The excitation energy is calculated from the total energy of the system as a function of angular 
momentum for different temperatures.  In this paper the effect of variation of nuclear level density with nuclear 
temperature is studied for different spins nuclear temperature is studied for different spins and the variation of entropy 
with the nuclear temperature is also studied for different spins  
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INTRODUCTION 

 

The influence of rotation on nuclear structure[1-3] and shape has opened up a large field for studying intrinsic property of 
nuclei, The production of hot nuclei has caused considerable interest in the study of nuclear shapes and recently a study of 
such properties in the A=120[4-6] region was done by Ragnarsson et al. The interplay of angular momentum due to the 
deformation with temperature is very important in understanding the nuclear structure. Nilsson first proposed a deformed 
shell model for the nucleus considering it as spheroid that may either be prolate or oblate.  At high temperatures the 
nucleus is highly deformed or super deformed and large amount of angular momenta are built up by alignment of single 
particle spins as well as by the collective rotation of the nucleus.[7-10]  
 
In this work, hot rotating 62Sm147 nucleus is studied and their structural properties are presented using statistical 
theory[11,26]. The intrinsic properties of the 62 Sm147nuclus are discussed as a function of temperature spin and 
deformation. The effects of interplay and competition between the deformation, temperature and spin degrees of freedom 
on the intrinsic properties of Samarium nucleus are presented.  
 
In this the protons have been treated as if they were independent of the neutrons. The excitation energy is calculated as a 
function of angular momentum for different entropies and temperatures. The effect of variation of nuclear level density 
with nuclear temperature is studied for different spins. In our calculations the temperature is varied from 0.1 to 1 MeV and 
for each temperature the excitation energy, single particle level density parameter, nuclear level density parameter and the 
entropy are computed for various deformation parameters and minimizing free energy 

THE PARTITION FUNCTION METHOD 

The grand canonical partition function [12] for a system of N neutrons and Z protons in a state of total angular momentum 
M along the direction of the rotation axis is given by the equation  
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Q(Z, N, , ) = exp(-Ei + zZi+ NNi+ Mi)                    
 
The following conservation equations for proton number, neutron number, energy and angular momentum are solved to 
obtain the Lagrangean multipliers z, N and . 
 

<Z> =  [1+ exp (-z  + Ei
z  +  mi

z )] 
<N> =  [1+ exp (-N  + Ei

N  +  mi
N )] 

<E> =  ( ni
zEiz + ni

NEi
N ) 

<M> =  ( ni
zmi

z + ni
Nmi

N ) 
where ni is the occupation probability of the ith shell. These equations are solved for agiven temperature T to obtain the 
Lagrange multipliers. The applicability of thermodynamical concepts at very high temperatures is known from [13]. It is 
assumed that all the states with the same excitation energy E are equally populated. 
 
TRIAXIALLY DEFORMED NILSSON HAMILTONIAN 
 
The single particle energy levels Ei

z for protons with spin projection mi
z and for neutron Ei

N with spin projection [14,15,] 
mi

N are generated by triaxially deformed Nilsson Hamiltonian [16,17,27].  
   

H = Ho +C (l .s) + D l 2 
Ho = (- ħ2/2m) 2 + V 

V = (m/2)(xX2+yY2+zZ2) 
 

x = o[1+(1/3) cos + (1/3) sin] 
y = o[1+(1/3) cos - (1/3) sin] 

z = o[1-(2/3) cos] 

The C and D values in terms of two new constants k and  are given as  

K = -C(ħo)  and  = 2(D/C) 
 
The k, parameters used to generate triaxial Nilsson levels in ref [18]. 
 
FREE ENERGY MINIMUM 
 

The free energy F = E – TS is minimized for various deformation. The deformation parameter  is[19-21] varied in the 
range of 0.0 to 0.6 in steps of 0.1 and  is varied from 0o to 60o in steps of 20o. The cranking frequency is taken to be zero. 
The required angular momenta are generated by means of statistical theory by introducing the z projection of the angular 
momentum as a constant of motion through the Langrange multipliers corresponding to single particle spins.  The levels 
generated are up to N=8 are found to be sufficient for the range of temperatures used in this calculation.[22] 
 
SINGLE PARTICLE LEVEL DENSITY PARAMETER 
 
The single particle level density parameter is calculated using the expression 
 

a (M,T,,)  = S2(M,T,,)  / 4E*(M,T,,) 
 
where the entropy is obtained from the equation 

S = - [ ni ln ni + (1-ni ) ln (1-ni)] 
 
where ni is occupation probability of ith shell. 
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EXCITATION ENERGY 
 

The excitation energy as a function angular momentum for equilibrium deformation is calculated using the relation 
 

E* (M,T,,) =  ni Ei -  Ei 
 
with a similar equation for neutron. [11] 

 
 
NUCLEAR LEVEL DENSITY OF THE SYSTEM 
 

The nuclear level density of the system is calculated using the expression 
 (M,E,,)  =  exp S(M,E,,)  / Smax 

 

 
RESULTS AND DISCUSSION 

 

In this work, the high spin behavior of Samarium nucleus is investigated within the framework of statistical theory using a 
single particle level scheme as input [28] .  From our calculations, it is observed that the free energy minimum for 
Samarium nucleus occurs for the triaxial equilibrium at deformation  = 0.1 and  = 40o.  
 

This means that the shape of the Samarium nucleus is triaxial equilibrium shape and remains the same at all 
temperatures and spins. It has been evaluated from the theoretical studies that the value of single particle level density 
parameter [29] increases with temperature and at large temperatures reaches a constant value a  A/10 as predicted 
experimentally[23,24]. It is found that as temperature increases the log nuclear level density also increases and for 
building up higher spins at given nuclear level density higher excitation energy is needed. But it is observed that there is 
no variations in log nuclear level density values for all angular momentum.  

 
Fig 1 Constant angular momentum lines in the excitation versus temperature plane drawn for 

62 Sm147 nucleus for equilibrium deformation at = 0.1 and = 40o. 
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In this work it is to be noted that as the temperature increases the excitation energy also increases. So the excitation 
energy acts as a much more powerful smearing agent by spreading out nucleons above and below the Fermi surface.  It is 
understood from the calculations that as temperature increases the entropy also increase. However for higher temperatures 
the entropy value is found to reach a constant value [25].  
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 Single particle level density as a function of angular ,momentum and temperature for 62 Sm147 for equilibrium deformation 

at= 0.1 and = 40o. 
 

 
It is also predicted that the effect of angular momentum on entropy is highly negligible. It has been evaluated that the 
angular momentum plays a major role in the single particle level density parameter, but the angular momentum does not 
have any effect on entropy and log nuclear level density. 
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. Fig 3 Constant angular momentum lines in the entropy versus temperature plane drawn for 

62 Sm147 nucleus for equilibrium deformation at = 0.1 and = 40o. 
 

  
 
 

 
Fig 4 Constant temperature lines in the nuclear level density versus temperature plane drawn for 

62 Sm147 nucleus for equilibrium deformation at = 0.1 and = 40o 
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