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Abstract 
The level densities t>f "6£> is calculated using the microscopic theory of 
interacting fermions and is compared with experimental. It is concluded that the 
data can be reproduced with level density formalism for nuclei with static 
deformation. 
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INTRODUCTION 

A challenging goal in nuclear physics is to deduce the thermodynamical quantities as a 
function of excitation energy. These quantities depend on statistical properties in the nuclear 
many body system and may reveal phase transition. Unfortunately, it is difficult to investigate 
these aspects both experimentally and theoretically. 

The density of levels as a function of excitation energy is the starting point to extract 
quantities such as entropy, temperature and heat capacity. 

The experimental information on the nuclear level densities comes practically from 
counting discrete levels. However, this method is restricted to light nuclei and/or less 
cxcitation energies where the experimental resolution is high enough to resolve individual 
lines in the spectra. Accurate level densities for certain spin value can also be obtained from 
average level spacing near the resonances at the neutron binding energy. 

Recently, a new method [1, 2] has been developed which allows for extraction of level 
density over a wide energy region. The Oslo group has carried out a series of 
(3 He, / ) reactions on a few Lanthanide and extracted level densities for i a D y , 

"66 Er and'72 Yb nuclei [3], The ground states of these nuclei are expected to be deformed by 
pairing correlation effects. This presents an interesting case to study the level density of the 
statically deformed nuclei and compare the results with their corresponding experimental 
values. 
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SUMMARY and THEORY 

For nuclei with axial symmetry, the particle states are characterized by the quantum 
number CI which represents the total projection of die panicle angular momentum on nuclear 
symmetry axis. The projection Q for a given particle state results from combining the 
projection of all the unpaired single particle excitations. The density of particle states of a 
particular C2 is approximated by a normal distribution 

Where o)iMr(E)is the total density of particle or intrinsic states of both parities and a1 is the 
spin cut-off parameter. 

In the present calculations we assume that each particle state characterized by |£ l |has a 
rotational band build upon it. If the contribution of states with K * Q is small, then one may 
assume K = Q where K is the projection of the total angular momentum I on the nuclear 
symmetry axis. The level density for a specific / is then obtained by summing over all particle 
states with | K \< I. 

/>(£,/) = JXrtE-E^K.I), K] (2) 

Where E m (K, J) is the rotational energy. 
If one assumes that rotation energy Em (K, / ) is small compared to total excitation energy, 
then eq. (2) may be written 

ftw 

The microscopic theory will be used to compute oj2{E) by way of equation: 

= ^ = s e c A 1 ^ * , , ) s e c tftysj) (4) 

Where f), E^ and Em are the inverse of temperature 7", the proton quasi particle energy and 
neutron quasi particle energy. The quantityOis the moment of inertia about an axis parallel to 
symmetry axis. Values of <rx

J(£) is the moment of inertia about an axis perpendicular to 
symmetry axis. 

We have computed nuclear level densities for a particular angular momentum using eq. 
(3). In this equation, the state density co(E) is calculated with realistic sets of single particle 
levels by the grand partition method for a system of interacting fermions. The Hamiltonian 
describing a system of paired fermions has been discussed by various authors. Such a 
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Hamiltonian is approximately diagonalized by means of a transformation where the quasi 
particle excitations are considered to be independent fermions with energy 

(5) 

Where X is the chemical potential, sk the single particle energy and A the gap parameter 
which gives a measure of the pairing correlation. The ground state gap parameter which is 
used to fix the pairing strength G , is given by 

The nuclear deformation is a feature which depends more upon the details of the shell 
structure than upon the smooth nuclear properties. Therefore it is utmost importance for the 
study of statically deformed nuclei to use a procedure which incorporates all the relevant 
features of shell model. 

It is expected that the ground state of the lanthanide and actinide nuclei to be largely 
deformed by pairing correlations. In performing calculations of the level density for deformed 
nuclei of particular angular momentum / , we have used Eqs. (1) through (6). However, the 
single particle energies and spins were first calculated for a specified deformation. 
Calculations have been based on the modified harmonic oscillator potential due to Nilsson 
and et. al. 

The results of theoretical calculations at various prolate deformations for MEr nucleus is 
plotted in Figure 1 and are compared with their corresponding experimental values taken from 
rcfs. 
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RESULTS and DISCUSSION 

Figure 1: Nuclear level density versus excitation energy 
W | l • I I • I • I 

we& 

2 J 5 6 J 8 

-383 -



Calculations were carried out for 166Er nucleus using single particle levels corresponding for 
various deformations. It is found that for prolate deformation, e = +0.21, the agreement 
between theory and experiment is very good. 

In summary, we have presented evidence from comparison of experimental and theoretical 
level density for mEr nucleus in support of a level density formula for statically deformed 
nuclei which includes low energy rotational levels. In this work we have presented the exact 
calculations of the level density for a deformed nucleus and established the value of its 
deformation. 
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