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Recently some effort has been made to investigate the be-
haviour of matter in the high temperature and/or high density
region, and it is widely accepted that a phase transition from
hadronic matter to a quark-gluon plasma should occur at a cri-
tical temperature of approximately 150-225 MeV’/!/ for zero bary-
on number density. At this phase transition, quark deconfi-
nement will take place, and the new state can be characterized
as a gas of quarks and gluons which only weekly interact (asymp-
totic freedom). In the low density/low temperature region it
is well believed that no free quarks and gluons can exist,
and all quarks are conflned 1n colour neutral bound states
(hadrons) »

There have been performed different model calculations to
obtain the eritical quantities which describe the phase border
line. Within the two-phase approaches"2 different descrip-—
tions for each phase are used to get an equation of state, and
the phase transition is obtained by matching the pressure or
the chemical potential of both phases. The quark-gluon plasma
is described by perturbative QCD at finite temperature, but
these approximations do not lead to bound states in the low
density phase, which should be identified with the hadromic
state of matter. Up to now, the only approach which describes
both phases within the same theory are Monte-Carlo simulations
of QCD on a lattice’¥, but here the inclusion of fermions re-
mains a rather involved problem.

A relevant description of the hadronic - quark matter phase
transition should give the correct low density phase of only
bound states and the high density phase of interacting free
particles. Furthermore, this phase transition should be descri-
bed on the basis of a consequent quantum statistical approach,
as given, for instances, by the method of thermodynamlc Green
functions.

The effect of destruction of bound states due to increasing
particle density has been investigated in nuclear matter’/4/
(Mott effect). Because of phase space occupation (Pauli blocklng)
the interaction becomes less operative, and the bound states
merge in the continuum of scattering states. A similar phenome-
non is also well known from plasma physics and semiconductor
physics, see ref. /5/ in order to describe the metal-insulator
transition at high density, where the weakening of interaction
is due to screening. We suggest that the Mott mechanism due to
the Pauli blocking may serve as a physical background for the
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understanding- of the deconfinement transition of hadrons into
their constituent quarks. However,in order to apply the con-
cept of the Mott mechanism to quark-hadron matter we have to
deal with the special structure of QCD in contrast to QED.

We consider a model system of quarks and antiquarks with two
flavour degrees of freedom (u,d) and three colour degrees of
freedom. For the interaction we employ a standard string type
potential with linear confinement’/6:7/ (only s-states are cen-
sidered)
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Applying the variational method/67/, we found the following
common set of parameters a =0.52, A=0.19 Gev? = -0.568 GeV,
m, = 0.27 GeV by which the s-wave meson and s-wave baryon mass
spectra are reproduced.

The quantum statistical description of a many quark system
requires a special approach because of the divergent behaviour
of Vg,,¢ at large distances. However, divergencies in the ther-
modynamic quantities do not occur because of the saturation
of this interaction. This means, that the system of quarks must
be divided into colourless clusters, and the interaction po-
tential (1) acts only within these clusters. The configuration
which gives the most important contribution to the partition
function, i.e., with the smallest value of total energy, is cha-
racterized by interaction strings between nearest neighbours. We
will consider only this configuration. :

In the case of 9~ & pairing, the density of potential ener-
gy is given by

¥t =',1§‘{“q [ Vg5 (1) wa(r) d3r+n-‘i [Vgq (1) Wy (1) éry, : (%)

where Wq(r) denotes the distribution function of the next 4 par-
ticle if a gq-particle is situated at r = O. The two-particle
distribution function may be evaluated within a ladder appro-
ximation. In the case of a q-Qbound state, wz(r) is determined
by the wave function of relative motion,

wa (=4 (02, (5)

whereas for free states (statistically independent distribu-
tion) we have

2 \

w— (r)..--n exp (~47n~ r3/9) (6)

In fact, the interaction potential (1) becomes an effective
density dependent potential for uncorrelated free quarks.

We first discuss the case nq;aha where the baryon number
density ng - na'-vanishes, and the chemical potential p; is
equal to zero. We will estimate the free energy density fHF(T)
of the free quark matter which is given by

LDt (T s v
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fq (T)=2quf ln(exp(cq(p)/T)+ 1), (7)
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8q =12 is the quark degenerati¥on factor, and particles and

antlpartlcles are considered by factor 2. The potential energy
in Hartree-Fock approx1mat10n (uncorrelated distribution of |
free quarks in wq(r)) is given by
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(The exchange contribution vanishes because only q-G pairs are
interacting).
The formation of bound states where Wg(r)is determined from
a ladder approximation leads to the two particle cluster
binding energy contained in m, . The free energy contribution
of bound states is given by

a® .
£, (T)=g,T f /DD, E@-ufept. ()
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In prxnc1p1e, the bound state energies m, should also be
shifted by density effects similar to the Hartree-Fock shift
of free particles. As shown in detail in’/4/, the Hartree-Fock
shift of the bound states consists of the single particle self- *
energy shift and a Pauli blocking term (phase space occupation).
Both contributions act in opposite directions and compensate
approximately each other. Therefore the bound state energy m,
remains nearly unshifted, whereas the free partlcle energles
are shifted if the total quark density n_+n. is increasing.
At a certain density nMott the bound state merge in the continuum
of free particle states and disappear. This mechanism of dis-
solving bound states is suggested to be the microscopic reason
for the quark deconfinement,



Fig.l. Free energy of
3b £/ s the quark-hadron system
/2;7 Rg= 0 in dependence on tem-
sity ng=0. Pions ide-
al: hadronic state of

matter (pions only);
quarks HF: free quark
matter state, Hartree-
Fock approximation;

matter state (ideal
system) .

Macroscopically, we
consider both the free
energy densities for
the quark matter and

see Fig.l. The stable

phase is characterized

by the lowest value of

free energy. The cri-

: 4 } ; ; tical temperature is

100 200 300 400 T (Mev) - shifted from To=150 MeV
to T, =210 MeV if the

potential energy in Hartree-Fock approximation 1is taken

into account. !

Let us now discuss the case of finite baryon density ng. The
equation of state mg(T,ug) is obtained starting from the ther-
modynamic Green function, see /%, After a cluster expansion of
the self-energy, within a ladder-HF approximation we obtain

a—l-— —~ 1 - - ;
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where b, is the baryon number, g, the degeneration factor of
hadrons h, g =12. In the relativistic case we have for the
quasiparticle energies in HF approximation

4

perature for baryon den—

quarks ideal: free quark

for the hadronic matter,

() =Zp( +v (-2 +(mg+3, ) Y

where X =(X%;,X) and S are the self-energy shifts in relativis-
tic Hartree-Fock approximation. In the non-relativistic case
taken here the usual Hartree-Fock shift is obtained from Zg.-
The bound state energies ¢,(p) are nearly unshifted in HF-
approximation if the density is increasing. If the bound state
energy merge the continuum edge of scattering states which are

.shifted in HF-approximation, they are dissolved and give no

contribution to the equation of state (10). This behaviour is*®
denoted as Mott mechanism. The similarity of the quark decon-

finement and the metal-insulator transition has also been poin-

ted out recently by Satz /11,

The evaluation of the equation of state is shown for T =0
in Fig.2, where the contribution of the interaction part Vggp
to vgﬁ is taken in different approximations. A weakening of the
potential Vgop at high densities (asymptotic freedom) is ob-
tained with a running coupling parameter a (np) as given, for
instance, in refs./910/  Furthermore, the potential Vacpis
screened in the static approximation for the longitudinal part
of the polarization function of matter, see ref./8/ .

It is shown in Fig.2, that the occurrence of stable hadronic
matter at .-T = O depends very sensitively on the special form
of the potential. For instence, a reasonable value of the phase
transition density obtained
from the Maxwell construction
is seen only in case a of fig.2.
Therefore the parameter set
of a quark model potential must
be determined also by requesting
the stability of hadronic mat—
ter at zero temperature and

low matter density values.

i Poloevi T=0

Fig.2. Equation of state py(ng)
for the quark-hadron system in
dependence on the baryon number
density ny for temperature T=0.
Different forms of Ynénﬂr)are
considered: a - V ommitted,
arrows denote the region of

- phase instability; b - screened
Vacp. running coupling parame-
ter 7919%; ¢ - unscreened

ek . : Vqoprunning coupling parameter;

. d - unscreened Wncn.constant'
02 0.6 1.0 ng Lfm ™) coupling parameter. A




Thermodynamic instability (6” /9, )T<i) occurs also at fi-
nite temperature and will give a phag% transition region. It
is the aim of the present work to point out the possibility of
describing a phase transition from bound quarks (hadrons) to
free quark matter, starting from a quantum statistical approach
using a model potential. A reasonable value for the‘critical
temperature T, is obtained. More detailed results regarding the
choice of parameters of the model potential and the resulting
phase transition region are in progress. '

Fr?m the equation of state the hadron-quark matter phase
tr§n31tion may be achieved on a common basis for both phases.
Using the quantum statistical approach, the formation of bound
states is obtained in a ladder approximation for the single
?article self-energy, and the quark deconfinement is obtained
1n a natural way from the Mott mechanism which gives 'a diffe-
rent behaviour of free particle energies and bound state

energies (Pauli quenching) if the total quark density is in-
creasing. . : ;
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B 06venMHEHHOM MHCTUTYTE AAEPHHX WCCREeAOBaHWil Hauan
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HayuHO-TexHWUecKkue, METOAMUECKWE W MPUKNA[HHIE PE3ynbTaTh,
Tpebyoumne cpouHoi nybnukaumum, Bygyuu uyacTbi ''CoobueHusi
OMAW", cTtaTen, Bowegwne B CGOPHMK, UMENT, KaK u Apyrue
napanua OMAU, cTatyc oduumansHbix nyGnukaymii.
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Theory of condenced matter.

Applied researches.
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of official publications.
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