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Abstract

Finite temperature Hartree—Fock—Bogoliubov calculations are performed in Sn isotopes using Skyrme
and zero-range, density-dependent pairing interactions. For both stable and very neutron-rich nuclei the
critical temperature at which pairing correlations vanish is independent of the volume/surface nature of
the pairing interaction. The value of the critical temperature follows approximatively the empirical rule
Te =~ 0.5A 17— for all the calculated isotopes, showing that the critical temperature could be deduced from
the pairing gap at zero temperature. On the other hand, the pairing gap at temperatures just below 7, is
strongly sensitive to the volume/surface nature of the pairing interaction.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The competition between the temperature and pairing correlations in hot nuclei has been stud-
ied for more than four decades. The first studies were based on the BCS approximation [1] but
later on more involved calculations based on the Bogoliubov approach have been performed
[2,3]. More recently the Bogoliubov approach has been employed together with self-consistent
Hartree—Fock mean fields in order to study the pairing properties of hot nuclei. One of the first
finite-temperature HFB (FT-HFB) calculations was based on a finite-range force of Gogny type,
which is used for describing both the mean field and the pairing properties of hot nuclei [4]. FT-
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HFB calculations using zero-range forces have been done for hot nuclei [5] and for the inner crust
matter of neutron stars [6]. In the latter case the mean field is obtained by using a Skyrme force
while the pairing correlations are calculated with a density-dependent delta interaction. Also,
shell-model approaches [7,8] have been used in order to probe the impact of the temperature on
both pairing and deformation degrees of freedom.

The interplay between temperature and pairing correlations was also studied intensively in
nuclear and neutron matter [9,10]. Typically, the pairing gaps are calculated in the BCS approxi-
mation and using single-particle states determined by self-consistent Brueckner—Hartree—Fock or
Green'’s function methods (see [11,12] and references therein). In more fundamental approaches,
which go beyond BCS approximation, is still unclear how much the pairing correlations are af-
fected by the medium dependence of the nucleon—nucleon interaction (see [13,14] and references
therein).

One open issue in current HFB calculations is how much the form of the pairing interaction
affects the properties of nuclei, especially when one approaches the drip lines. It is also not clear
yet if one really needs to introduce an explicit density dependence in the pairing interaction
in order to enforce a pairing field evenly distributed in the nucleus (‘“volume type pairing”) or
strongly localized in the surface region (“surface type pairing”). Since a realistic pairing force
derived from first principles is missing, one hopes to disentangle between various types of pairing
forces by analyzing their consequences on measurable quantities. However, up to now these
studies are not conclusive. For instance, in Ref. [15] a mixed surface-volume pairing interaction
is considered to better explain the odd—even mass differences of some isotopic chains, whereas
in Ref. [16] the surface or the volume type of the pairing interaction is found to be not so relevant
for the neutron separation energies. It is also worth stressing that the pair density, which gives
indications upon the localization of pair correlations in finite nuclei, is not strongly correlated to
the surface or volume character of the pairing force but rather to the localization of the single-
particle states close to the chemical potential [17].

Apart from the effects mentioned above, the type of the pairing force could also affect the
vanishing of pairing correlations in hot nuclei. Besides constant G studies there have not been
such systematic studies with effective density-dependent pairing interactions. It is known that,
in a simple BCS approach with a constant pairing G, the vanishing of pairing correlations is
expected to occur at T, >~ 0.5A 71— [2]. The aim of the present work is to analyze if the volume or
surface character of the pairing force could significantly influence vanishing pairing correlations
using density-dependent pairing interactions. It should be noted that experimentally, the critical
temperature could be extracted from the change of the specific heat in the vanishing pairing
correlations region, using level densities measurements, as shown in Refs. [18,19].

2. Finite-temperature Hartree—-Fock—Bogoliubov with Skyrme interactions

In this work we employ the FT-HFB approach with zero-range forces. Details can be found
elsewhere [5,6], and we recall only the main equations. The FT-HFB equations, in coordinate
representation, have the following form:

(hT(")—?L Ar(r) )(Ui(")>:E,(Ui(")) 1
Ar(r)y  —hr(r)+1 )\ Vi(r) v )’

where E; is the quasiparticle energy, U;, V; are the components of the radial FT-HFB wave

function and A is the chemical potential. The quantity /7 (r) is the thermal averaged mean field
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