


1. Introduction 5

In & recent work two of us (D.Ebert and M.K.Volkov) have studied a simple U(2),-
syminetric variant of the Nambu- Jona- Lasinio (NJL) quark model including a gluon
condensate (GC) [1]. In particular, it was shown that conclusion of the gluon conden-
sate does neither change the form of the interaction between mesons nor the expressions
for. the meson masses. However, it leads to a significant change of the values of the
main parameter of the model, as for example, the cut-off parameter A which noticeably
diminishes and the four- quark coupling x which increases. Once the gluon condensate
is taken into account the quark condensate decreases in magnitude and approaches to
standard value. ’

In the last years there appeared a lot of papers devoted to the investigation of
quarks and mesons in hot and dense matter ( 12)- [8]). As is now generally believed,
with increasing temperature and baryon number density hadronic matter undergoes
a phase transition to a quark- gluon plasma which could manifest itself in the ultra-
relativistic heavy ion collisions. Of particular interest is here the question how the
quark condensate < gq > as a chiral order parameter changes in a hot and dense
nuclear medium, and at which temperature (and/or chemical potential) the chiral
symmetry is restored. -

An increasing number of such investigations is based on the NJL model [3]- 8]
which turned out to be rather efficient for the study of meson masses and coupling
constants as functions of the temperature T and chemical potential .

The purpose of this short article is to investigate the influence of the gluon conden-
sate on the temperature behaviour of the constituent quark mass m (or, equivalently,

thejtotal quark condensate) and the pion decay constant F,. Taking the main model
- pa,r"ameters be determined from the case T = 0, we shall further study the temperature
dependence of meson masses and coupling constants. The temperature behaviour of
the gluon condensate is taken from the Leutwyler work [9)

2. The NJL model

The e ective chiral quark Lagrangian leading to interactions of composite scalar
and pseudoscalar mesons in the presence of the condensate of the gluon field G& is
given by [1], [10]- [12]
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Here g is the QCD coupling constant, A, are generators of the color group SU(N,), m°
are the Pauli matrices of the flavor group SU(2)F (7° = 1; summation over v,a and
a is understood), and q are fields of current quarks with mass m®. Upon introducing
meson fields, the Lagrangian (1) turns into the equivalent form
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with & = 5,7%, ¢ = ¢o7*. The vacuum expectation value of the isoscalar- scalar field
&o turns out to be non ero{< &g ># 0). ‘
To pass to a physical field oo with < ¢ >= 0, one usually performs a field shift

leading to a new quark mass m to be identified with the constituent quark mass
—m® 4+ Go=~m+00 ; G, =0, (a=1,2,3) . (3)

Here m is determined from the gap equation (see [1])
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The quark condensates, the constituent quark masses and the meson coupling constants

are expressed in the NJL model through diverg%ngtintegrals I, and I, ( regularized here
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by the cut-off A3) . Indeed, the effective meson Lagrangian corresponding to the o-
model and following from (2) in the one- loop quark approximation has the form

L(o,4) = {THBu00,0) + 1TH(B,80,) -
g2m0 .
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where
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From (7) one gets the meson masses
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That part of the quark condensate which does not explicitly contain the gluon conden-
sate G? is determined through the integral I,

<§qq>= Tr(ié—jm) = —4ml; . (10)

Until now we have not considered vector and axial- vector mesons. However, one
should bear in mind that since axial- vector mesons do exist, nondiagonal transitions
of the type # — a, play an essential role in the NJL model. If they are taken into

aceount, there arises an additional renormalization of pseudoscalar fields [11, 12] !
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with m,, being the mass of the a; meson, F, = 93Mev is the pion decay constant and

g, is the p meson decay constant (g2/4w = 3). In the NJL model the constants g, and
go are related by [10}- [12]

where

9, = Vg, (13)
! Now in eq.(9) we shall get [11]
mi = 3’% , m2=Z7'm? +4m?. 9"

Then from the Goldberger- Treiman identity
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and equations (11), (12) and (13) we get
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Using for the mass m,, the value m,, = 1.2Gev we get from (12) and (15) the

estimates m, =~ 300Mev,Z = 1.6.

The value of the gluon condensate is taken from the Shifman, Vainshtein, Zakharov

paper [13]
G? =% < GG >= [330Mev] . (16)
T
Then, from (14) we obtain
As = 650Mev . (17)

3. NJL model at finite temperature and chemical potential

In (1] the behaviour of di erent physical quantities was described after introducing
the gluon condensate. Let us now show the behaviour of these quantities in hot and
dense matter.

For this purpose we need the free quark propagator at finite temperature and baryon

number density which in the "real time” formali m takes the form [6, 8}
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Here n, 7 are Fermi functions for quark and antiquarks,
-1
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B =T71 E = +/p?*+m? and pu is the chemical potential. Then, instead of the
integrals I and I; of eq.(6) we get the following 7- and u- dependent quantities-

Nc s P2 B
amT) = o5 [Caka-n-n
- (20)
N. LH p2 B ’
Iz(m,T,I‘) = 8n? A dp_Ex_:;(l_n—n) .

Finally, let us use the following temperature behavior of the gluon condensate {9] 2
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where A, = 275Mev is the logarithmic scale occuring in the temperature expansion of
the pressure P {9].

Now from egs (4) and (14) and using I, I; and G? from (20) and (21) we can obtain
the temperature dependence of the constituent quark mass m and the decay constant
F;. The behavior of the total quark condensate which includes also gluon condensate
corrections is defined by the equation [1]

G*(T)

< (iq >lOl=< qq > = 12m = —4m11(m, Ta l‘) -

G*(T)
12m

(22)

The temperature behaviour of the meson masses and the coupling constant g, and
g~ are defined by eqs (8), (9') and (11) with m = m(T, u) and I, = I,(m, T, ). In our
approach we will neglect a possible temperature dependence of x and Aj.

By using (10) and (22) we get the following estimates of quark condensates at T = 0

< gq>o (—255Mev)® ,
<gq>F = (-271Mev)® .

After this, from equations (4) and (9) we obtain the estimates for x and m®

. tot
= (Pl 2SO g eyt (29)
m
2 2
m® = ."_l"nI:_"'c =m+2k < §q >(‘,°‘z 4 2Mev (24)

The temperature behavior of m,< gq >, Fr, g,, gxr,m, and m, is shown in Figures
1-5.
2 We neglect a possible dependence on g. Equation (21) is legitimate in the region

0 < T < 150Mev. The weak dependence of the gluon condensate on the temperature
was found also in SU(2) lattice gauge theory in the papers {14, 15].
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Figure 1. The T- dependence of the constituent quark mass m.
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Figure 2. The T- dependence of the quark condensates; < §q >¢ is the quark
condensate without gluon corrections; < gg >§* is the quark condensate with gluon

corrections.
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Figure 3. The T- dependence of the pion decay constant F;.
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Figure 4. The behaviour of the meson coupling constants g4, Yrgq and Z as

functions of temperature T'.
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Figure 5. The behaviour of the meson masses mg, m, as functions of temperature

T.

4. Discussions

The dependence of the masses of constituent quarks and mesons, as well as of the
decay constant F, and coupling constants g, 5, gxeg ON temperature is determined in our
model by the two characteristic integrals I, and I; (see (20)) and the gluon condensate
(21). The first interesting question is the behaviour of the constituent quark mass
m(T) as a function of T. The answer is found by a self- consistent solution of the
thermal gap equation leading to the expression (4) with I, G? given by (20), (21). The
behaviour of m(T) is shown in Figure 1. Figure 2 shows the T- dependence of the quark
condensates (with gluon corrections and without gluon corrections). Figure 3 shows
the T- dependence of the pion constant F,. Finally, Figs 4,5 show the T- dependence
of the coupling constants grq4,goqs and of the meson masses m,, m,.

For comparison we give the behavior of these values also for the case where the gluon
condensate is equal to ero. We can see that the gluon condensate plays a stabili ing
role for the behavior of di erent physical quantities at changing temperature in the
region 0 < T < 150Mev.

It takes plays because the term with gluon condensate plays more and more im-
portant role when the temperature increases. Indeed, this term has in the numerator
the weakly changing with temperature function G*(T") and more rapidly decreasing

function m*(T) in the denominator. (See, for instance, equation (14)).
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At a temperature larger than 150Mev the Leutwyler’s presentation (21) for the
gluon condensate is not correct and one needs to use another approach (maybe, going

beyond the scope the G2- approximation).
In conclusion one of the authors (M.K.Volkov) is grateful to H.Leutwyler and

W.Weise for fruitful discussions.
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Me3onbl B Mogenn Hamby-Wona-Na3uHuno

C F/MOOHHBIM KOHAEGHCATOM Npw

KOHeYHOW TeMnepaType

B paboTte paccMaTtpuBaeTca mogenp Hamby-Wona-fa3uHwo
C FMOHHBIM KOHAGHCATOM NMPU KOHeYHOW TeMnepaType Ko-
HEeYHON §apM0HHoﬁ nnotHocTun. W3yveHo noeegeHwe KoHCTW-
TYSHTHOW Maccw KBapka, KBAapKoBOro KoHaeHcaTa, F., Kow-
CTaHT CBA3N Q43 doq5 ¥ Z Kak GyHKUMA TeMnepaTypsl.

lMoka3aHo, 4TO Npu N3MeHeHMN TemnepaTypbl TMIOOHHBIA KOH=

AeHcaT urpaet cTabunuavpyiouylw ponb B NOBEAEHUM pa3nuy-
HbIX PU3NYECKNX BeNUYWNH.

owﬂ;aGOTa BbinonHeHa B flabopaTtopun TeopeTuveckon Guankm
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