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INTRODUCTION

The nuclear level density parameters play a central role in statistical calculations
in reactor physics, nuclear model computations, neutron physics, astrophysics,
intermediate heavy-ion collisions investigations, and spallation neutron design studies.
Nonetheless, up until very recently, little attention was paid into a critical examination
of the derivation of these parameters from the average s-wave level spacings of the
nuclides. A large fraction of previous determinations of the level density parameter,
a, is carried out on the basis of either the Gilbert-Cameron [1] relation for the spin
dispersion parameter, o, or the Bohr-Mottelson [2] expression in terms of the rigid
body value of the nuclear moment of inertia. In addition, nucleon pairing correlations
were not taken into consideration.

DATA ANALYSIS AND RESULTS

The approach followed here is the extraction of the spin dispersion parameter from
the recommended average values of the level spacings for s-wave neutron resonances
[3], for the two spin states, I + V2 and I - V2, where I is the spin of the target nucleus,
and on the basis of the Bethe level density relation. Where possible, the data base was
supplemented by new measurements of spin assignments.

To obtain reliable estimates of the average level spacings, and correct for
unobserved resonances or weak resonances with no spin assignments, the
Porter-Thomas and Dyson-Mehta statistics were invoked in the analysis.. The spin
dispersion parameters spanning the mass region from 45Sc to209 Bi were readily
deduced. A least-squares fitting procedure was first applied to the derived o values in
terms of the Gilbert-Cameron relation and without taking into consideration shell
effects or nucleon pairing correlations. The following result is obtained

o 2 = 0 . 0 4 9 4 a 2 M 2 / 3 (l)

where T is the nuclear temperature = (U/a)y\
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Note that the numerical coefficient in the above relation is about half of the
theoretical estimate. A closer examination of the derived o values revealed that shell
effects, particularly around the Pb region, as well as odd-even effects, are evident. The
latter can be ascribed to nucleon pairing correlations. The above relation was then
generalized to include these effects ; the final result is

J
o2 =0.0888P(tf,A,a)[l + — ^ ( 1 -e ~yV)]aTA m (2)

where P(U, A, a) is the pairing correlation function [4], U is the effective excitation
energy, E shell is the shell energy correction, and y is the shell damping parameter.

With the aid of Eq. 2 and the Bethe level density relation, the level density
parameters are then determined through an iterative procedure. The resulting level
density parameters are in general smaller than what is available in the literature by
5 - 20 %, depending on the mass region.
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