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In a recent work' by two authors (D.E. and M.V.) of this article 
the .simplest U(2)- syinmertic variant of the.NJL model wit.h gluon 
condensate (GC) [1] has been studied. it is. shown that the GC docs not 
change the form of the interaction between mesons and the expressions 
for meson m~ses (in ref. [l]only scalar and pseudoscalar mesons were 
be considered). Theinfluence of the GC is reveale.d only through the 
ch~nge of values for main p~rameters of the model, for instance, theni.t
off parameter A which noticeably diminishes and four- quark coupling 
constant whtch on the contrary decreases twice .. Once the GC is taken 
.into account, quark condensa.te increases in magnitude and approaches 
a standard.value< ijq >a-;::: (-253Mev)3• . 

In the last years there appear many articles devoted to the investiga
tio~ of mesons in hot and ·dense matter [2]- [8]. In part ~f th~se ,vorks 
the NJL model [3]- [8] is used. This model was found to be very conve
nient for the description of meson masses and coupling constants at a 
finite temperature and a finite chemical potential. In this short article 
we show that the influence of GC on the temperature behaviour of the 
_constituent quark mass m and. pion decay. constant F,, may b~ 'easily 
studied. Using these main par,;:meters of the mod.el 'one can.extend the. 
influence of GC. to meson masses and their coupling contarits. 

The effective chiral Lagrangian describing interactio~s ·of~omposite 
' scalar and pseudoscalar mesons in the presence of the condensate of 
the gluon field ca can be written as [1], [9]- [11] · , 

C(q,G) = ii[h,v(~v+ig;G~)-m0]q 

'' 
(1) 

+ i[Cfr"q)2 +(tJhsi"q?] 

where g is the QCD coupling constant, Aa are generators of the color 
group SU(Nc), Ta are .the Pauli matrices of the flavor group SU(2)F 
(r0 = 1; summation over v,a arid ais understood), and q are fie.Ids 
of current quarks with mass m0• Upon introducing meson fields, the 
Lagrangian (1) t~irns into the form 

.c'(q,G,a,¢) = (a~+¢~)+ 
2-t.: 
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+ ii(i(B + i9 ~a ca)~ m0 +a+ i,s</>)q 
. ' . 

., ' 
t ') ! ,(2), 

with a = a a T 0 , </> = <Pa Ta. The vacuum expectation value of the 
isoscalar- scalar field a0 turns, out to be nonzero ( < a0 ># 0). To 
pass to a physical field cro· ~vith < cro >~ O; one usually performs a 
field shift leading to a new quark mass m to be identified with the 

",j' ; 

constituent quark m~s 

-m0 +ao=-m+cro ;·aa=aa (a=l,2,3) 
,, ,. . ! 

(3) 

Herem is determinedJrom the gap ,equation (see [11) ,'t} '~•'" l I 1 :_/ ! , , ; : ·.-! 

. . Q2, 
m = m0 + 81,,ml1+ 1,,-

6 
· , 

m· 
(4) 

where 
,.;· ! l ;,_, -,-sr ·1 1.•·. ,, ,r.lf,, ( 1r 1 

a ·. ' 
G2 =1.:_ < ( G0 ;,)2 ·>o 1f µ,, . ·, 

g2' 
··a·=·-.-, 

.· 47f 
(5) 

and . ~" 

. . A' dk ... r· ., .. ... ;N··· 'A3.,:, I; ,,,1.2 .. .1', ..... ,, .. 

!, , 'Ii.= . -iNc·J 21r 4 k2 - m2 . . ...:.· 41r~ 1.':. dp. : + ~2 ,= ( ) C ) ' ',. . Jp '/, ',>I' I) 

N, s~' rA; J Aft ,,., ~ ,;;,hie~ + ✓i + ~br ~ -~; 

(6) 

. JA dk l Ne f Aa p2 
I2 = -iNc .. (21r )4 ( k2 _ m2)2 = 81r2 Jo dp (p2 + m2)3/2 = '

1 

_, 1. A3 . · · A3 . , m ·-1/2 . 
.. • H. 2. 

Nc81r2 [In(~+ 1 + m2) -:--(1 + Ai) ] .. 

The quark co~densates, the constituent quark masses and the meson 
coupling constants are expressed in the-NJL model.through diverging 
integrals' (regularized by the parameter A) Ji,and J2• Indeed 'the ef
fective meson Lagrangian corresponding to the er- model and following 

~-··· --=--------

;~::,::~ .. :;;,:;·; \')~;~:~~J ; 
5t,,FJJIL:1("lTEHh ,,....... ------..~--



from (2) in the one- loop quark approximation has the form 

£( a, <P) = - g!mo Tr( a 2 -t- ¢2) - m2Tr( a 2) + 
4n:m , 

,,, 2 

+ 9umTr(a¢>2) - 9
,;Tr(a2 + ¢2)2 

where 

1 c2 -½ 
9u = 2(12 + 96m4 ) 

From these formulae for the meson masses we obtain 

92mo 
m2 = _u__ ' m2 = m2 + 4m2 

7r Km (1 7r 

The quark condensate is determined through the integral 11 

< ijq >= Tu ( . A 

1 
'· ) = -4mI1 . 

i8-m 

(7) 

(8) 

(9) 

(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, nondiagoiial transitions of the type 1r --+ a 1 play an ess~ntial 
role in the N JL model. If they are taken into account, there arises an 
additional renormalization of pseudoscalar fields (10, 11] 

where· 

I 

9,t, = 9uZ2 ' 

( 
6m

2)-l ( 6m
2) [ Z= 1-- = 1+-.-, =2 1+ 

ma! 1na1 

(11) 

1 - (2gpF1r)2]-l (12) 
ma1 

with m 01 being. the mass of the a 1 meson, F1r = 93Mev is the pion 
decay constant and gpis the p meson decay constant (g~/41r ~ 3) .. In 
the NJL model the constants 9p·and 9u are related by[~]- (11] 

9p = ~9u (13) 

.4 

b 

\: J 

-~ 

\ 

!'I, 

j,, 

Then from the Goldberger- Treiman identity 

m2 in2
·( . G2

·) F; = g! = Z 412 + 24m4 

and equations (11), (12) and, (13) w~ get 

l :\ 

2 
2 - 1na1 [1 -

mu - 12 1 _ (2gp.F1r)2] ~ g~F; m2 ' ~ -- ~ _f!_ 
rna1 3 6 

(14)· 

(15) 

From (15) and (12) the estimates m 11 = 315:tviev, Z = 2 follow if ma1 = 
2m~ (Weinberg relation) and m~ = 2g~F; (KSFR relation). 
· The value of the gluon condensate is taken from the data on the 

l~aqron, p~ocess e+e- --+ hadrons [13] 
C ' ., ' : ; ' 

G2 = a < G~VG~v >= [( 410 ± 80)1v1ev] 4 ~ [400Mev]
41 

• (16) 
' 7f ' ' ' ' ' 

Then; from (14) we obtain 

A3 = 530lV1ev .. (H) 

In [1] the behaviour of different physical quantities was described 
after introd{1ci~1g GC. Now we show the beiiaviour of these quantities 
in hot and .dense matter. 

Thefre~ quark propagat01: at a finite temperature and a finite baryon 
number density takes the form 

SF(P, T, fl) 
1 ' 

(p +.m) [p2 - rn2 + -iE + 
(18) 

+ 21ri8(p2 - m2
) [0(p0 )n(p, µ) + 0(-po)ii(p, Jt)]] (19) 

where Fermi functions for quark and antiquarks 

n(p,ft) = [1+exp(,8(E-µ))]-
1 

ii(p,fl) = [1texp(,8(E:-+-,µ))]-
1 
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have been introduced and /3 = T- 1, E = Jp2 + ri12 , Jl is the diemical 
potential. Then for the I1(m,T,p) and I2(m,T,p) we get 

N 1· •:\3 JJ2 . 
I 1(m,T,µ) = 7 clpE(l-n--n) 

47r 0 

(21) 

Ne .·rA3 , p2 -
I 2(m,T,µ) = S1r2 }

0 
clp E/1- n - n) . 

The temperature behavior of the gluon condensate has the form [14]-

[15] · 

G2(T) = G2(0) [ 1 - (~)4] , . (22) 

where Tc is the critical temperature of gluon condensate ( 1'5'0Mev < 
Tc< 250Mev). . 

Now from eqs (4) and (14) we can obtain the temperature depen
dence of the constituent quark mass m and the decay constant F1r using 
11, 12 and G2 from (21) and (22). The behavior of the total quark con
densate which includes also gluon condensate corrections is defined by 
the equation 

G2(T) G2(T) < qq >tot=< qq > --~ = -4m11 (m, T, µ) -
2 

· . . (23) 
12m 1 m, 

The temperature behaviour of the meson masses and the coupling 
constant gP and g¢, are defined by eqs (8), (9) and (11) with m = 
m(T, µ) and 12 = h(m, T, µ). In our approach we will neglect the 
temperature dependence of m0 and K. 

By using (10) and (23) we get the estimations of quark condei1Sates 

at T= 0 

< ijq·>o = {-212Mev)3 
, 

< ijq >~ot = (-253.5Mev)3 

After this, from equations (4) and (9) we can obtain the estimations 
for Kand m 0 

K-1 

mo -

2 - >t~ 2 (m1rF1r)2 _ < qq O ~ 9.5Gev-
m m 

2p2K _ tot~ 5Mev m7r__!_ = m + 2K < qq >o ~ 
m 

6 

(24) 

(25) 
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Figure 4. The behaviour of the meson coupling constants guiJq, g1rqq 

as functions of temperature T. The values of the coupling constants at 
critical teniperat~es increase rapidly: guqq(T = Tc = 150) = g1rqq(T = 
Tc = 150) ~. 2.2,,guqq(T = Tc = 200) = g7rqq(T - Tc = 200) ~ 
2.4, guqq(T = Tc = 250) = g1rijq(T = Tc = 250) ~ 2. 7. . 
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The temperature behavior of m. < fjq >, F.-r, 9u, g9 , m1r and mu 1s 
shown in Figures 1-5 . 
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Figure 5. The behaviour of the meson masses ldu, 1111r as functions 
of temperature T. The values of the meson masses at critical -t~mper
atures increase rapidly: Afu(T · 'Tc = 150) ~ 1111r(T- = Tc = 150) ~ 
440,Mu(T =Tc= 200) ~ 111,r(T = Tc = 200) .~ 530,111u(T =Tc= 
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.36cpT JI,., Ka.nuttoBcK~it IO.JI., BonKOB M.K.· 
Mo].\CJlh HaM6y - 11oHa - JlaJHHHO c rJllOOHHhlM KOH].\eHCaTOM 
nptt KOHC4HOH TCMnepaTypc 
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PaCCMOTpeHa ~O}.\CJlh HaM6y - 11oHa - JlaJHHH0 c rJIIOOHHhlM KOH].\eHCaTO~ 
nptt KOHe4HOH TeMnepaTypc H 1,(0He4HOH 6apHOHHOH nJIOTHOCTH. ~. ropgqe1) H 
nnoTHoit cpe.l.\e nJyqeuo noBe.l.\eHne Macchi KBapKa, rmoouttoro KOH.l.\eHcaTa, 
Mace MCJOHOB H KOHCTaHT CB.ll3H MCJOHOB.' 
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Ebert D., KalinovskyYu:L, Volkov M.K. .. . . E2-92-173 
: NJL Model with Gluon Condensate at Finite Temperature 

' 
The QCD..:motivated NJL-model with gluon· condensate at finite 

temperature. and baryon number density. are considered. We studied the 
behaviou·r of the constituent quark mass; quark c<mdensates, meson masses and 
coupling constants of mesons embedded into a hot and dense medium. 

· The investigation has been perf~rmed at the Laboratory of Theoretical. 
Physics, JINR. . . 
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