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At present it is well established that there is a transition to

the deconfinement phase at high enough temperatures 1n gauge
theories . This transition, predicted in refs. 71,2/, has then
been confirmed by the numerical calculations in the framework of
the lattice approach (see, for instance, refs. /3~%/). Accerding
to these calculations, at high enough temperatures chromoplasma
behaves as a gas of almost free gluons and qguarks. At the same
time at temperatures just above the phase transition temperature
éc plasma is a rather complicated and nontrivial object. Note that
the temperature region close to ac is of great interest for
experimentalists as just this temperature interval is most
probable for obtaining chromoplasma in nucleus-nucleus collisions.
At present, we have no unequivocal idea about the excitation modes
of chromoplasma. It is not improbable {(see review /10/ and refs.
therein) that at temperatures close to éc an important role is
played by collective excitation modes of chromoplasma which give
rise to electric and magnetic masses. These collective excitations
can be both phonon /117 and massive /12/. As a result, a
gqualitative picture may be thought to be the following /12-14/: In
the large momentum region the dominating part is played by almost
noninteracting gluons whereas at momenta of an order of m and L
(the Debye and magnetic masses, respectively) the main
contribution comes from collective excitations both massive and
massless. These collective excitations are assumed to be singlet
with respect to colour (dynamical confinement hypothesis) and
electric and magnetic massive modes give similar
contributions /14/.

The role and nature of collective excitation modes of
chromoplasma can be elucidated by investigating thermodynamic

functions within the lattice approach. The standard Wilsen action

is
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The calculations were made on the lattice 4X12° with periodic where “Fls? and <F1t> are the spacelike and timelire

boundary conditions in the range of 4 values @ 2.2 % < 2.8, plaquettes, respectively, and {Flsvmz 1s  the plaquette average
The Monte-Carlo method was used to calculate the contribution of calculated aon the hypercubic lattice. HWe have used values of
electric and magnetic modes to the internal energy £, pressure P coefficients Cg and Ct ralculated within one-loop aproximation
and the so—-called interaction measure & = E-3P in the . /157 CS < L1140, Ct = -, 06758, The electric and magnetic
Siy(2)-gauge theory. Temperature & was determined by the known contributions to the thermodynamic functions are determined in a
two-loop expression standard way through a lattice generalisation of the strength
tensor Fpp. Correspondingly, in formulae (3a) ~ (3c) electric
G/A = i = {magnetic) components of the thermodynamic functions are composed
* N‘a AL of spacelike (timelike) plaquettes and {Plsym}’ It is worth
noting that all thermodynamic functions listed above are
.1 [ méi_.]span.exp{ 3ntﬁ } ( 1+ 0(92) ) s (23 normalised in such a way that their values at :zero temperature

Nm 6nzﬁ are egual to zero by definition.
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where a is the lattice spacing and N=4 is the number of sites ur values for (@), P{O) an (8) and their electric and

' the ti A magnetic components are shown in figs.l‘S“ The dashed lines in
along e time axis.

these figures denote the behaviour of the thermodynamic guantities

-

The energy density £, pressure P and interaction measure & were . .
E/6°, P/ and 6/8 calculated by the perturbation theory within

determined by the expressions /5/:
the one—loop approximation /146/. 1t is seen from these figures

-2 that at large enough temperatures the behaviour of energy E€ and

£r6* = 12 N: [ g™ (<PI> - <PI> ) +

pressure P is in the agreement with the Stefan—Boltiman law
+C (<Pl s~ <PI> ) +C (<Pl > — <PI> ) ]= (taking into account one~loop corrections). At temperatures close
° wym b t sym t to the critical one in the deconfinement phase the values of #pP/6%

are strongly suppressed in comparison with the values of E/eﬁ

= £ /0% + E 70°% (3a)
L - ' This is guite natural since for the second order phase transition
pra* = 4 N‘ [ g-z (<PI> — <PI> ) + in the vicinity of the critical temperature the thermodynamic
¢ h t functions should have the following behaviour:
v C (<Pl s~ <PFI >3} +C { <Pl 5 — PIY ) = E ~ const | & —~ Qc |1-a H £ ~ const | @ - BC {z~a,
b sym = ¢ sy t where a is the relevant critical exponent for specific heat
dg-z N (the notion of universality classes /17,18/ suggested wus that
T da” ( <Pla> * <Pll> -2 <P10YM> ) = a~ 0,12 as in the 3D-lsing model).
It is possible to reach some understanding of the behaviour of
= Ptle4 + Pu/G‘ (3b) the chromoelectric part of energy using the Hamiltonian approach
to SU(2)-glucdynamics in the strong coupling limit. In this regime
5/8% = (£ - 3 P )/8* = the partition function is of the form
12N a9 pr> e cprs -2 P13 )=
- 1 da ® t By - -

{3c) *We are indebted to prof. H. Satz for providing us with the values

= ét/a‘ + én/e‘.
of <PI___» on the lattice 12%
sSym
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D(ri,rj) =1 + X{exp( - e KUk+1}) X (r) Xk(rJ) " (4b) 310t
where r, is the SU(2) group determined in site «, &8 is the - I 3P/GL
temperature, a = a is the lattice spacing in spatial directions g? %:=’3===:::::::%____—- [
and Xk(y) is the character for kth representation of SuU(2) d E% § ‘ -«-—--3PJ9L
group ( k = 1/2, 1, 3/2...). At temperatures close to the 0
critical one the expression for the partition function can be
gxposed in the form /1,2/ ' i‘\

-n ol - !
z I Wy exp( -S_ ) (5}

Sty = z X 27 X s * = expl - Bga a ) \t i )
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Fig.2.

The solid line without points represents gqualitatively the

behaviour of SP/G‘, full circles and open circles correspond

to SPEIG‘ and spu/e‘, respectively. Some points

typical statistical error.
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Fig.l. The solid line without points represents qualitatively the
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behaviour of E/G‘, full circles and open circles correspond . i .
to £ /6% and E“/a‘, respectively. The dash-dotted line denotes 20 60 100 140 @/AL
the perturbative contribution. Some points represent a typical

Fig.3. The quantities &/6%, & /6% and o so° with the same

notation as in figs.1,2.

statistical error.



i.e., we have developed the three-dimensional “spin” model of

the Ising type ., with the difference that the integration in (3)
iw performed over the Haar measures dyi; The role of spins is
played by representations ; X1!2(y‘) =8 . {A consistent
procedure of reducing (4) to partition function of the “spin"
system is demonstrated in ref./19/). A model of this type is known
ta predict a second order phase transition. For a gualitative
investigation of the behaviour of thermodynamic functions we use
the mean-field approximation. Using the standard technique of the

mean—field approxzimation (see, for instance, ref./20/) we qet the

equation for the mean “magnetization® M = < T |
M = 12( 24 ¥ M )/l‘( 24 M ), (&)
where 1 and I‘ are the modified Bessel functions. This
2
equation at xS = = 1/& has only zero solutions for mean
o
magnetization M whereas at » = LR the magnetization changes
continuously from zero at » = xc’ i.e. at
L the second order phase transition occurs.
The effective action W(M) = —1nZ in this approximation is
L W(M)zlznﬂz—ln[ll( 24un)/12an]- (7

L]

where NS is the number of sites in the three-dimensional space.

Using (7) we get for the internal energy

qu
eret = A - 1 ., (8)
ve (af) 2
where v = Nais the three—dimensional volume .

With relations (&)-(8) one can easily obtain the bebaviour for
the intermal energy which coincides qualitatively with the one
depicted in fig.t for EE/6‘< This fact is hardly surprising in
the light of the universality hypothesis mentioned above /17,18/.
(S8imilar calculations for P and & are more ambiguous because of
the presence of derivative dg_zlda which is unknown in the
strong—coupling limit).

The problem of interpretation like this for the chromomagnetic
contributions remains open. At temperatures just above the

critical one the magnetic components Eu and Pu (both of them

being the difference between the corresponding nonzero temperature
and zero temperature values) take negative values (fig.1,2) /21/7%.
This means that the contribution of the chromomagnetic excitation
modes differs drastically from that of the chromoelectric
excitation modes (at least for SU(2) group), and extra excitation
mechanisms of chromoplasma are to be searched for. We assume that

the temperature dependence of magnetic components of energy and

pressure presented here is maybe an indication of an important

role played by unstable modes /23,24/ in the GCD vacuum.
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0 TepMOZHHAMHUYECKHX CBOMCTBAX XPOMOIJIA3MB

BblUHCIANHCE BKIIAZObI 3NeKTPHUYECKHX H MATHHTHBIX MOI BO
BHYTpeHHlo 3Hepruw B SU(2)~Kanub6poBouHOH TeOopHH Ha pemeT—
ke 4-123, TokasaHo, u4To noBemeHHe XpOMO3JIEKTPHUYECKOH 4acTH
sHepruu Eg BrnonHe o6bscHseTcA B paMKax MOJEJH H3HHIOBCKO-
'O THIA, B IOJMHOM COOTBETCTBMH C THIIOTE30H YHHBepCalIbHO™
cTH., B TO ®e BpeMsa, noBedeHWe MATHHTHON UYaCTH BHYTpEHHeH
sHeprun Eyxapaunaneuo ornHuaercsa oT noBemenus Ly . XapakTep
TeMnepaTypHoH saBHCcHMOCTH Ey yKasmeaeT Ha CymecTBeHHO He-—
CHMME TPHUHBI XapakTep NIEKTPHUECKHX M MaTrHUTHHX MO BO3~
OyxOeHus1 XpoMomNiiasmMel, H, OHTb MOXKeT, MNPOJIMHBaeT CBeT Ha
pPoltb HeCTAOGHIBHBIX MOJ B KanHOGPOBOUHBIX TeOopHaX,

PaBora BhnoliHeHa B JlaBopaTopHHM TeopeTHYeCKOH GHIHKH
oudgu.

Tpenpunr O6seqMHEHHOro HHCTHTYTA AAEPHBIX Hecnenopanuil. JlyGua 1988
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On Thermodynamic Properties of Chromoplasma
The contributions of electric and magnetic modes to
some thermodynamic functions in SU(2)-gauge theory on the
lattice 4-.12 3 were calculated. It is shown that the beha-—
viour of the chromoelectric part of energy Eg can be in-

terpreted within the Ising-type model in agreement with
‘the universality hypothesis. At the same time the behavi-
our of the magnetic parts of the internal energy and pres-
sure (i.e. Ey andPy differs drastically from that of g
and Pg. The character of the temperature dependence of Ey
and Py exhibited here testifies to the presence of a high-
ly nonidentical properties of electric and magnetic modes
of chromoplasma and maybe sheds light on the role of un-
stable modes in gauge theories.
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The investigation has been performed at the Laboratory
of Theroetical Physics, JINR.
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