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Résumé -~ les propriétés de la matiére nucléaire froide et chaude sont étudi-
ées dans le cadre de la théorie de Brueckner étendue aux températures finies.
Nous nous limitons & l'approximation BHF. L'interaction choisie est le po-
tentiel de Paris complété par une force & trois corps dérivée de 1'échange de
mésons w et p . Une attention toute particuliére a été apportée aux pro-
priétés a un corps telles gue le spectre des énergies & une particule, la
masse effective et le libre parcours moyen. En relation avec le calcul de
1'entropie, nous avons procédé a une évaluation du parametre densité de ni-
veau a- et nous commentons la valeur obtenue. Enfin, 1l'influence de la tem-
pérature et de la densité sur une propriété a deux corps, 3 savoir 1l'interac-
tion effective, fait-l'objet d'une premiére évaluation,

Abstract - The properties of cold and hot nuclear matter are studied in the
frame of the Brueckner theory, extended to finite temperature. We limit our-
self to the BHF approximation. The basic ingredient is the Paris potential
supplemented by the introduction of three-body forces coming from the exchan-
ge of ¥ and p mesons. Particular attention is paid to one-body proper-
ties namely the single-particle energy spectrum, the effective mass and the
mean free path. We evaluate and discuss the level density parameter a which
is closély related to the calculated entropy. 1In a first approach, the tem-
perature and density dependence of a two-body properties, the effective inter-
action, is analysed.

I - INTRODUCTION

The recent heavy ion experiments have given rise to an increasing interest in
the properties of excited nuclei and of excited nuclear matter. In the course of
such reaction, the matter is compressed and excited. Some important questions are
raised, like : how to disentangle between the properties of the excited matter and
the mechapism of the reaction, what is the equation of state of dense nuclear mat-
ter, what is the maximum excitation energy a nucleus can withstand,... ?

Some attempts to derive the general thermodynamical properties of nuclear mat-
ter from microscopic calculations have been done in the frame of the variational
approach /1/ or of the relativistic formalism /2/. We want to use, here, a theory
which has proven to be very fruitful in the past : the Brueckner theory. We use
the continuous choice for the auxiliary potential /3/. ‘We report here on the sin-
gle and two-particles properties.

II - THEORETICAL FRAMEWORK /3,4/

The central quantity is the second order term BB2Z in the heole-line expansion
in Brueckner theory and is given by
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z kS,

B82 = {2 n(k)} {Z n(k) “zﬁz I nlon(R)<kelale(k)+e(0) 1R} (1)
k k

where g is the Brueckner reaction matrix and n(k) is the occupation probability
for the level of momentum k with value given by 1 or 0 at T=0 and by the follo-
wing expression at finite T

n(k) = 1/{1+exple(k)-uw)/T1} . (2)
The single-particle .enefgy e(k) reads
#2Kk? ,
e{k) = 7t Re U(k) (3>

with the s.p. average complex field defined by

UG = £ n(§)<kjlaleCre(DIRT> . (4)
J

At finite temperature, the evaluation of the partition function Z by mean of
a perturbative expansion of a regular interaction can be found in many standard
textbooks but for a singular interaction, the problem has not been very much stu-
died. Nevertheless, it can be shown that up to the two-hole lines contribution, the
general structure of the Brueckner theory is preserved after the proper modification
of the occupation numbers n(k) (see eq. (2)). This approach allows the evaluation
of the free energy, the entropy and the internal energy per particle /4/.

IIT - RESULTS

We focuse ourself mainly on the single-particle properties. We recall that the
quantity U(k) is complex and can be identified to the well-known optical model po-
tential. In Fig. 1, Re U(k) and Im U(k) are displayed for several densities,
both at T=0 and T=10 MeV. At
density between 0.17 fm-3 and
0.33 fm~3, the main effect of
the temperature dependence is
a reduction of the attractive
mean field as the temperature
. increases. At small densities,
20~ == the situation is a little bit
different since an increase of
0 = - 7 the average potential takes
place for low momentum. This
{o results from a reduction of the
attractive force and a strong
reduction of the repulsive
force. However, depending
upon the situation, the reduc-
100 tion may be more effective for
. ) - one part then for the other.
026 30 Lo As concern the imaginary

k (fm™) part, the temperature depen-
dence is the strongest at low
Fig. 1 - The single-particle complex field U(k) density. The most noticeable
versus the nucleon momentum k . feature is the non-vanishing
values below the Fermi momen-
tum kp . This comes from the partial occupation of levels below kg -, which ma-
kes real transitions possible.

Let us now turn to the effective mass w* /3/, Fig. 2 shows the energy and
temperature dependence. At T=0 , three features are exhibited : the infinite
slope at k = kg , a peak somewhat above the Fermi level and a raising background
underneath. The peak originates from the low lying core polarized states. 'As the
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temperature increases, the peak collapses rapidly, since the 1p-1h core polarized

states can be excited from .any single-particle orbit.
concern the level density parameter

EFFECTIVE MASS

a which is related to m*

This is of great interest as
by the relation

(5)

m*
a/A = 1/3@E—km)k:k(u).
We get the value a = 1/19 A
which remains far from the em-
pirical value 1/8 A (after ta-

E king into account the finite
€ size effect). Nevertheless,
o7+ eq. (5) opens interesting pos-
T p=0170 fud ===~ Iz BMev sibilities since the inclusion
— o T 1oy of the correlation effects pro-
osk - duce a peak at t?e Fermi level
L L ) —1 — with a value m¥*¥/m = 1. At this
-50 ° 50 100 150 level of conjecture, a value of
E  IMeV) 1/14 A is obtained, in agree-
ment with the empirical value.
Fig. 2 - The nucleon effective mass m*/m versus Fig. 3 displays the nu-

the energy of the nucleon at normal density.
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Fig. 3 - The nucleon mean free
path Apm and the classical

A (small dashed curve) versus
the nucleon energy.
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Fig. 4 - The coefficient a(k) (eq. (6)) ver-
sus the nucleon energy (T=0 : full curves ;
T=10 MeV : long dashed curves).



