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Introduction

The nuclear level density (NLD) has been
an interesting topic for researchers, due its im-
portance in many aspects of nuclear physics,
nuclear astrophysics, nuclear medicine, and
other applied areas. The calculation of NLD
helps us to understand the energy distribu-
tion of the excited levels of nuclei, entropy,
specific heat, reaction cross sections etc. The
behaviour of NLD can depend on shell effects,
temperature, pairing of nucleons, shape of nu-
cleus and mass number. The other parameter
in NLD calculations is the level density param-
eter (a). It is an important parameter in sta-
tistical model calculations of several observ-
ables. Theoretical studies employing various
models for NLD can be found in literature[1–
4]. Recently, many experiments have been car-
ried out to find the NLD of nuclei like 60Ni,
98Mo, 56Fe, 116Sn [5, 6] at lower temperatures
where a few interesting features were pointed
out which could be due to the effect of pair-
ing correlations and shell corrections. In this
work we study the effect of temperature and
pairing on level-density of the nucleus 116Sn.

Theoretical framework

The estimates of level densities are usually
described in terms of degenerate Fermi gas
model. We follow the formalism described in
Refs. [1, 7] and we calculate the level densi-
ties using three different level distributions,
namely (i) discrete single-particle distribution,
(ii) effective single-particle distribution and
(iii) quasiparticle level distribution, as out-
lined below.
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(a) Discrete single-particle level density

The intrinsic level density of a system can
be written in terms of the Laplace transform
of the grand partition function as

ρmic =
exp(SN + SZ)
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T is the temperature, S is the entropy,
ei are the single-particle energies, g
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(b) Effective single-particle level density

Within the Fermi gas model approximation,
at each value of T , we define aeff=S

2/(4E∗),
where E∗(= E(T ) − E(T = 0)) is the excita-
tion energy. Then the effective single-particle
level density shall be written as

ρeff =
exp(SN + SZ)
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(c) Quasiparticle level density

Including the role of pairing within BCS ap-
proach, we write the quasiparticle level density
as

ρbcs =
exp(Sbcs)
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and the expressions for the constants D1, A1,
C1, E2, D2 are as given in Ref. [1]. Ej =√
(ej − λ)2 +Δ2 is the quasiparticle energy.
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FIG. 1: The dependence of nuclear level density
on excitation energy. The experimental values
(solid circles) are shown along with the our cal-
culations using three different methods.

Results

The single-particle energies are obtained
with a modified Nilsson potential and the ex-
citation energies are calculated with temper-
ature dependent shell correction approach us-
ing the formalism given in Ref. [7]. The level
densities obtained from our calculations are
shown along with the experimental data [6] in
Fig. 1. Level densities calculated with BCS
pairing show a good agreement with experi-
mental values. We have used the values of
pairing force strength (G) a given in Ref. [8].
The proton pairing gap is zero in 116Sn and
the calculated neutron pairing gap as a func-
tion of temperature and excitation energy is
plotted in Fig. 2. We can see that at T = 0.8
MeV, the neutron pairing also vanishes where
the system is changing from a superfluid to
normal phase by breaking the Cooper pairs.
At this temperature, both the results from
discrete and BCS methods match with each
other. The calculations without pairing over
estimates the level densities at lower temper-
atures. The level densities ρeff and ρmic are
found to be similar. The deviation of ρbcs from
the experimental value above T & 0.8 MeV
suggests that the pairing could be present even
this temperature. Such a sustained pairing
could be possible if we consider the thermal

FIG. 2: Neutron pairing gap (Δ) as a function of
temperature (T ) and excitation energy (E∗).

fluctuations in the shape or the pairing field.
The sustained pairing could also mean that
the pairing phase transition could be of second
order in nature. Work is in progress to extend
our calculations to incorporate this features.

Conclusion
The effect of pairing correlations are very
significant in nuclear level density at low tem-
peratures. A more rigourous work can reveal
the existence of pairing beyond the critical
temperature suggested by the BCS approach.
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