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1. Introduction

The study of temperaturel'] and baryon densitypg) dependence of the interaction Df
mesons with nucleons is relevat for understanding the phenon of dynamical chiral symmetry
breaking in hadronic matteD mesons seem to be particularly suited for such studies im gfe
their heavy-light nature which allows to treat them appmadely as one-body bound states. The
mass of the light constituent quark irDameson is sensitive td and pg and because of this the
properties of these mesons will change in a hot and denseumeddne hopes to learn a good
deal about these changes studying the propagati@mgsons in hadronic matter [1] and there-
fore it is important to develop models for describing theteractions with ordinary hadrons. In
Refs. [2, 3] a model was developed for the interactiobahesons with nucleons in free space,
in which the long-distance part of the interaction was dbsdr by meson-baryon exchange, and
the short-distance part was described by quark-gluomeihéage in the context of a nonrelativis-
tic quark model. Possible changes in the internal struadfithe mesons will affect mostly the
short distance part of the interaction where quarks andnglwe the relevant degrees of free-
dom. Now, in order to access and pg effects on chiral properties of hadrons one needs a chiral
quark model that goes beyond the nonrelativistic quark mo8ech a chiral quark model was
developed in Ref. [4]. The model is based on the QCD Hamédtorih Coulomb gauge [5], it
confines color and realizes dynamical chiral symmetry bngakThe model allows to construct
a practical calculational scheme to construct hadronimbesiate wave functions and to derive
effective hadron-hadron interactions that can be used ippnhann-Schwinger equation to obtain
cross-sections and phase-shifts [6].

In Ref. [4] the model was used to investigate the short-destgpart of the low energy interac-
tion of D-mesons and nucleons in free space. In the presemincmication we preset results for
the baryon density dependence of B interaction using this model.

2. Dynamical chiral symmetry breaking in a medium with confined quarks

The Hamiltonian of the model is based on the QCD Hamiltonie@adulomb gauge [5]. The
quark part of the Hamiltonian — see Eqg. (2.1) of Ref. [4] — idtten in terms of the quark field
operator¥(x) expanded as (suppressing color and flavor indices)

W00 = [ s 3 100Qu0 -+l QU Je @)
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whereQ! (k), Qf(—k), Qs(k) andQs(—k) are the creation and annihilation operatorsarfistituent
quarks andus(k) andvs(k) are Dirac spinors given by
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with Ex = (k> +M2)¥2, xS = —ia2x¢, andxs is a Pauli spinor. The annihilation operat@s(k)
andQs(—k) annihilate the vacuum state with chiral symmetry dynanydaloken. The momen-
tum dependent functioMy is the constituent quark mass function. Meson and barydasstae
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constructed in terms of the creation operators of quarksaatiquarks acting on the dynamically
broken chiral vacuum. The dependencelaendpg of the quark condensate and meson and baryon
states come in through thie and pg dependence of the mass functibly, and through the Pauli
exclusion principle. This last effect is due the fact thaargs and antiquarks will not have all
momentum states available to form a bound state as in frae spar example, for a medium with
deconfined quarks forming a Fermi gas, the effect enters eim#Dirac distributions of quarks
and antiquarks. For a medium that ig~armi gas of nucleons.e. with the quarks confined in
the interior of hadrons, the Pauli exclusion effect comegidghquark distributions in the hadrons
convoluted with the hadron thermal distribution in the nueali

Specifically, the gap equation for the quark mass fundtilprcan be written as

2 [ d°q Mg McQp .
My = mo-f—g/WFq{VC(k—q,) (E_q_E_qu'q

Mg Mkg (k-a—K)(k-q—c)
Eq Egk kqk — q|?

+ 2Vr(lk—ql) (2.3)

whereFy; = 1—nq — ng is the Pauli blocking function, withy andng being the in medium quark
and antiquark distributions

ng = (QIQ{QyIQ), Mg = (QIQ]QqIQ) (2.4)

where|Q) is the state of the many-body system.

Next we consider a medium of nonoverlapping nucleons atlibguim with temperature
T = 1/B and chemical potentiglis occupying single-particle energy levels. For the inter-
nal structure of the nucleon we use the model of Ref. [4], eliee nucleon wave function is given
by a variational Gaussian wave function [7] with width— the r.m.s. radius of the nucleon is
V/(r2) = 1/a. For such a wave function, the Pauli blocking functféyis given by

3/2 .
Fo(T,ug) = 1— ( ) 98 / d3p e 3(@-P/3)%/20 [ (P) 4 g (P)] (2.5)
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Figure 1: The Pauli blocking function for different nucleon sizes @awd baryon densities. Also shown is
the function for a Fermi gas of deconfined quarks.
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wheregg is the degeneracy of the energy let&glandng(P) andng(P) are the Fermi-Dirac distri-
butions of nucleons and antinucleons

1 _ 1
g PP gEw
In the present communication we present result§fer 0 only — for this caseg(P) = 6(P:= — P)
andng(P) = 0. Fig. 1 presents the functidf for different nucleon sizes and two baryon densities.
One clearly sees that at a given baryon dengiyhe Pauli blocking effect is much less effective
in a medium with confined quarks than in a medium with decodfipgarks. This means that the
breaking of chiral symmetry is much less affected in cliestanatter than in deconfined matter and
therefore changes in the quark and hadron masses, quar&rgatd, hadron sizes and interaction
strengths are not so much changed.

ng(P) = (2.6)
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Figure 2: S-wave isospinn = 0 phase shift and total cross section of elabti¢ scattering in medium (at
pe = Po/2) and in free space.

In Fig. 2 we present results for thaN total cross section and s-wave phase-shift for isospin
| =1 — the density effect on isospln= 0 is similar. We use the parameters of the model named
SSin Ref. [4]. The effect on the masses of the light quark massshaaron masses and sizes is of
the order of 5%. The effective interaction increases in mmadessentially because of the increase
of transverse gluon interaction in medium, which is inweggloportional to the light quark mass.
Also, it is important to note that phase space for scatteaisg changes in medium because the
hadron masses change.
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