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ABSTRACT
The level densities of 204 nuclides were fitted to the Gilbert-
Cameron level density formula with satisfactory results. New shell and
pairing corrections were obtained which led to most calculated level

spacings being within the experimental error of the measured level

spacings.
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1. INTRODUCTION

A knowledge.of the average level spacing between resonances of
compound nuclei has important applications in astrophysiecs, reactor
physics and fission physics. The most suitable formula to date comes
from the evaluation of Gilbert & Cameron [1965] shell and pairing
corrections carried out by Cook, Ferguson & Musgrove [1967]. These
authors gave a fit to 130 nuclide level densities ranging from 59Ni to
243pm. These calculations were based on an evaluation of neutron
binding energies performed by the same authors. Wapstra & Cove {1971]
have since published a thorough evaluation of neutron binding energles
as a result of which many of the earlier values required updating. The
earlier fit has been repeated using 204 nuclide level spacings, of which
T4 are new values not available in 1967.

2. LEVEL, SPACING FORMULA

The density of states of spin J at an energy E sbove the gfound
state was given by Gilbert & Cameron [1965] as
1 .
/T exple(au)®} (2041 )exp{-(J+1/2)%/20%}
p(E,J) = 2 . (1)
Yy 5/ % 3
a U 2(em) %o

U is the effective excitation energy defined by

U=E - AB , (2)
where AE is the nucleon pairing energy, which may be written

AE = P(N) + P(Z) . (3)

The spin cutoff parameter o was determined by Gilbert & Cameron [1965]
to be given by

o2 = 0.0888(av) 72273 . (4)

The parsmeter a is the level density parameter which, for undeformed

nuclei, can be written

a = (0.00917S + 0.1k2)A (5)
while deformed nuclei obey the rule

a = (0.009178 + 0.120)A . (6)

For the ranges 54 < Z < 78 and 86 < N <€ 122, and 86 < 7 < 122 and
130 < N < 182, nuclides were assumed to be deformed. The shell cor-

rection, &, is also split into proton and neutron contributions to give



S = S(Z) + s(W) . (7)

To obtain a fit of P(Z), P(N), S{(Z) and S(N), there must be the res-

triction that the quantities

T(Z) = P(Z) + S(Z) (8)

Ik

and T(N) = P(N) + S(N)

must remain fixed, as T(Z) and T(N) are terms in Cameron's [1958] semi-
empirical mass formula.

A program was written which minimises the quantity

Lo} O 2
2 _ N(Dexp Dcalc)
XN - z o ] (g)
1 (Anexp)2
where D° is the experimental s-wave level spacing and p° the same
exp calc

quantity determined from equation (1). ADZXP is the experimental error
in szp. Thus, P(Z) and P{N) were varied in repeated passes until a Xﬁ
value of 29.1 was obtained, which represents a good fit for 204 nuclides.

For neutron reactions, the proper excitation energy is given by
E=E +B , _ (10}

where Bn is kinetic energy of the neutron and B is the neutron binding
energy. The kinetic energy was assumed to be half the last resclved
resonance energy, and the binding energies were obtained from Wapstra §&
Gove [1971]. Since formula (1) applies to both parities, at low energies
only one parity prevails, and so we write

J

o =1
<p > = ..':.L... n
o} 2

J=1

o

+ .
p(U,J) ' (11)

at

for s-waves. The level spacing is then

>
<DR.

3. RESULTS

i

1/<py> .

In Table 1 is a compilation of 204 s-wave level spacings obtained
from Gyulassy & Perkins-[1972] and Mughabghab & Garber [1973]. Also
shown is the neutron binding energy Sn calculated by Wapstra & Gove
[1971]. The least-squares fit to these data resulted in the P(Z) and
P(N) values shown in Table 2(a), together with those of Gilbert §&
Cameron. Table 2(b) gives the corresponding S(Z), S(N) values. The

values of T(Z) and T(N) were fixed at the Cook, Ferguson & Musgrove



[1967) results. In Table 3 are the specific results for shell and
pairing corrections for the nuclides used, together with a comparison of -
experimental and calculated spacings. Also shown are the confribution
to'xﬁ and the ratio of calculated to experimental spacings. For the
majority of nuclides, the fit is within the experimental error. The
total xﬁ for this particular fit was found to be 29.1. Since a fit of
204 pieces of data with 178 parameters has just 26 degrees of freedom,
this Xﬁ value is quite acceptable, especially since almost 32 per cent
is contributed by only four nuclides.

In order to test the sensitivity of the fitted P(Z), P(N) values to
the initial level spacing data, new data for 49 nuclides recently com-
piled by Musgrove [1976] were included iﬁ the 204-nuclide library and a
new set of P(2), P(N) values was fitted. Table 4 lists these 49 new
level spacings and their corresponding errors which, in general, are
much smaller than the errors in the original data library. Tables 5(a)
and 5(b) give the new P(Z), P(N) and S(Z), S(N) values which differ
greatly from the first set. Table & is a repeat Qf Table 3 for the
second 204-nuclide library. A total x§ of 50.7 was found for this fit}
this is somewhat high and perhaps outside the acceptable limit imposed
by the number of degrees of freedom. Again most (60 per cent) of the
x; is.contributed by a few nuclides, at least half of which are the more
recently compiled data with small errors on the level spacings.
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