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The NJL model with quark and gluon condensates has beeninvestigated in papers 
[1-3). The G2-approximation by the gluon condensate (GC) has shown that taking 
account of GC saves the general structure of the N JL model. It leads to the redefinition 
of divergent integrals and to some changes of basic parameters of the model. Really, all 
divergent integrals acquire additional terms proportional to G2. The cut-off parameter 
A is slightly decreasing and the constant of four-quark interaction is increasing. At the 
finite temperatures, GC offers the stabilizing action on the behaviour of constituent 
quark masses, quark condensate and different physical quantities of mesons, prevents 
from· restoring the spontaneously broken chiral symmetry. Such an influence of GC 
reminds the influence of strong external magnetic fields, which in contrast with the 
electric fields also prevent from restoring the chiral symmetry (see [4-6)). 

In this short note it will be shown that taking account of GC in a 'more complete 
functional approximation within the NJL model gives results, close to those, which 
have been obt~ined in the G2-approximation earlier [1-3). The Schwinger method will 
be used in such a form as it has been described in papers [5,7-9] . 

The Lagrangian of the NJL model with external gluon SU(3) color fields has the 
form [1-3,5) 

• 1 
L = q(iD - m 0 )q + ,c[(qq)2 + (iii-rsiq) 2

] - 4a:.,a:", 

where ij, q are the quark fields, m 0 is the current quark mass, 

a:"= 8"G~ - 8"G: - gfabeara~, 

D" = 8" + igG", G" = ~..\aG:, 

(1) 

{2) 

{3) 

i denotes the Pauli matrices, Aa are the Gell-Mann matrices. Here we consider only 
the classical parts of gluon fields because the quantum parts of these fields have already 
been used when obtaining effective four-quark interactions. · 

The detailed derivation of the gap equation for constituent quark mass in constant 
external gluon fields can be found in papers [5,9). Here, we give the final form of 
this equation derived by the above mentioned authors for the case of constant fields 
considered in the flux-tube model 

m = m0 + 8m,cfi{m, A)+ ,cF(m, G), (4) 

where 

) . Ne !A d4k . 3 [ 2 2 A
2

] 
J1(m, A = -i (21r)4 m2 - k2 = (41r)2 A - m ln m2 ' {5) 

is the quadratically divergent integral describing the quark condensate with the help 
of the cut-off parameter A, m denotes the constituent light quark mass and Ne is the 
number of colors. The function F{m,G) has the following form: 

m { {°
0 ds • [(Es) (Es) ]· F(m, G) = 21r2 Jo s2 e-•m 3 cot 3 - 1 + 
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{'x, ds ,m, [(Es) (Es) ] } +2 Jo ~e- 6 cot 6 - 1 = (6) 

= -<;: f [In(r(z)P(2z)) + (3 - 2 ln 2)z + (1 - 3z) 1~ z - In( v12°1r)] , 

where z = i3m2 /2E. The quantity E is-expressed through the chargeless gauge fields 
G!; and G8, which are. connected with a color isotopic charge Q3 and. of color hyper
charge G8 , respectively. So far as the external field is homogeneous, it can be expressed 
in terms of these fields only. 

. Let us now suppose that the quantity E is expressed via the gluon condensate 
E 2 = cG2 and we find this connection by comparing the G2 term, following from (4), 
with the corresponding expression derived from perturbation theory. For this aim one 
can use the G2 approximation for the gap equation, obtained in papers [1,3] 

where 

G2 
m = m0 + 8m,d1(m,A) + 11:

6
m, 

2 

G2 = :1r2 (G:vc~v) = (330 MeV)4. 

(7) 

(8) 

Here we have used the valu~ of GC taken from the article.[10]. As a result, we get the 
equation 

E 2 = -61r2G2 or E = i1r,/w2 (9) 

From here one can see that GC plays the role of a magnetic field in the case, where we 
consider the NJL model in strong electromagnetic fields (5,6]. When the strong electric 
field destroys the quark condensate, the magnetic field, as well as_ GC, intensifies, the 
bond of ij_q pairs in the quark condensate. In particular, by studying the N JL ~ode! 
at finite temperatures one can ·notice that GC plays the stabiiizing role at incre~sing 
temperatures (see [2]). . . · · . 
· N~w let us fix the parameters of the NJL model with nonperturbative dependence 

on.CC a~d compare the obtained results with the 'Cf approximation used in papers 
[1-3]. . . . . . •,. 

By using the value (8) for GC and m = 300 MeV for the mass of constituent 
u-quark, we obtain for the function F( m, G) the following estimate: 

F(m,G) = 0.17 m>lcfi = 0.0055 GeV3. (10) 

This quantity 'is close to the value of the last term of equation (7) derived in the G2 

· approximation . 

c2 .. . 
6m = 0.0066 GeV3. (11) 
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Therefore, the parameters of the NJL model, evaluated in the G2 approxi~ation for 
GC, change a little in a more complete nonperturbative approximation for GC. 1 

-Really, we find the _cut-off parameter A from the condition that the total quark 
condensate should be equal to its standard value 

(ij_q)~01 = -4m/1(m,A)-. F(i~,G) = (-250 MeV)3. (12) 

Then, we have 

4ml1(m,A) = (:~2 [A2 
- m2 ln (~Y] = (250 MeV)3 - F(~,G) = 

= 15.6 x 106 MeV3 
- 2.8 x 106 i\k\'3 = 12.8 x 106 MeV3. (13) 

From here we obtain the value A = 870 i\leV. From formula ( 13) one can see that the 
gluon corrections to the value of the total quark condensate amount to 18%. 

For the coupling constant 1r we get 

)

2 •J(- )lot 2 
_ 1 _ (m"F" _ ~ = 0.124 GeV, 

11:- m rn. 

and for the current quark mass m 0 . 

1112 p2h. 
m.0 = -"--"- = Hi i\feV. 

m 

11: = 8.06 Gev-2 (14) 

( 15) 

It is easily seen that these values are close to those which have been obtained in the 
G2 approximation (see [I] and the footnote). This fact shows, that for the value of GC 
(8), used here, the G2 approximation should give us completely reasonable results. 

We would like to emphasize that the estimates given here have only the qualitative 
character since the function (6) has been obtained in [5,6] for a very special case of 
constant gluon fields G!; and G~. However, we ran see, that the .form of this function 
keeps its form for both electromagnetic and chromodynamical fields. That is why one 
can hope, that also for the gluon condensates the form of this function changes only a 
little and, therefore, the calculations performed in om paper are completely le.gal. Of 
cou;se, the problem to obtain more accurate form of the function F(m, G) directly for 
GC remains an open and very interesting task. 

An interesting question is connected with investigations of the temperature depen
dence of the function F(m, G) and its infiueucc on temperature behaviour of quark 
masses, quark condensates and different meson characteristics in the NJL model, par
ticularly, in the neighbourhood of critical tcmperatme. These problems will be topics 
of our further investigations. 

MKV would like to thank the JSPS Program of Japan for their financial support. 

1Let us note, that in article [I] 6tl1ei: values l1ave· been used for G2 = (410 MeV)4 

and m,, = 330 MeV. For G2 = (330 MeV) 4 and m,, = 300 MeV we obtain A = 820 
MeV, "'= 9.5 Gev- 2 and m0 = 5 MeV. 
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HHJI MOAeJih c uenepTypoaTHBHOH 3aBncuMocThJO 
OT rJIIOOHHOro KOHAeHCaTa 
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11cCJieAyeTCSI ypaeueuue lll,eJIH BO BHeIJIHHX IlOCTOSIHHhIX HJIH OAHOpOAHhIX 
DOJISIX C HCDOJih30BaHHeM MeTOAa illBuurepa. IToKa3aHO, 1ITO napaMeTphI MO-

AeJIH HHJI 6Jitt3KH K 3ua11eunS1M, nony11euu&1M B Teopuu B03Mylll,euu:u B G2-

npu6Jin)Kemrn, rAe G2 - rn10ouu&1ii KOHAeucaT. 

Pa6orn B&monueua B Jia6opaTOpHn TeopeTu11eCKOH q>H3HKH HM. H.H.Boro
JI1060Ba Ol1.5Il1. 
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The gap equation in constant or homogeneous background SU (3) color field 
is investigated by using the Schwinger method. It is shown that the parameters 
of the NJL model are close to the values obtained within chiral perturbation 

theory in the G2-approximation where G2 is the gluon condensate. 
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