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The gap equation in constant or homogencous background SU(3) color fields 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 G? is the gluon condensate.

The NJL model with quark and gluon condensates has been investigated in papers
[1-3]. The G*-approximation by the gluon condensate (GC) has shown that taking
account of GC saves the general structure of the NJL 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 G*. The cut-off parameter
A is slightly decreasing and the constant of four-quark interaction is increasing. At
finite temperatures, GC stabilizes the behaviour of constituent quark masses, quark
condensate and different physical quantities of mesons. Here, GC also 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 obtained in the G2-approximation earlier {1-3]. The Schwinger method will
be used in the form which 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] .

L = qGD - m®)q + &{(30)’ + (@irs7a)’] = 3G e M
where §, q are the quark fields, m? is the current quark mass, x denotes the coupling con-
stant, of the scalar (pseudoscalar) channels and is responsible for spontaneous breaking
of chiral symmetry,

Gl = 9 Gl — 9 Gl = 9fuac GG, o)
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DH = G5 & o GH vy
O HigGH, G = NG, 3)
T m@:oﬁm.m the Pauli matrices, A, are the Gell-Mann madtrices. Here, we consider 3
the classical parts of m.._c.o: fields, because the quantum parts of these fields have al oy
been used when obtaining effective four-quark nteractions. Ty
ﬁﬂﬂmﬂmmmuzmm derivation of the gap equation for constituent quark mass in const
external gluon mem can be found in papers [5,9]. Here, we give the final for o
this .m@:m;,:.u: derived by the above mentioned authors for the case of const o
considered in the flux-tube model ) slent filds

5

m=m®+ 8mxli(m, A) + & F(m,G), (4)
where
A g4
Ii(m,A) = —i 20» &\(JH : >ui§f=|m
(27) m? — k2 (47)? o m? (5)

_mm z_:w quadratically divergent integral describing the quark condensate with the hely
of the cut-off parameter A, m denotes the constituent light quark mass and N, i nrv
number of colors. The function F(m,G) has the following form: PR

. m *® ds —sm? Es o
Fim.G)=352 \o 2" | ) cot w s [ e

o0 Qw.w _ 2 Es FE
+M4\ 2 —sm P |.m
5 € 6 cot i 1y = A@
.m E
=—il o [n(r()r@2) + (3 - 22)z + (1~ 32) Inz - In(v2n) .

_ a2 . ; ‘,
M.wmww mm = &3“ . \Mm . The pcm:%;% E is expressed through the chargeless gauge fields
5 %, which are connected to color isotopic charge Q)

. 3 and color hyperch
respectively. So far as the external field is homogeneous, it can be ex Wo@ M in i o
of these fields only. q presee am:um.
o Wmn%.w M\ms suppose that ﬂzw quantity E is expressed via the gluon nozaocmmﬂ
L = cG*. m‘mcm this no.:smnio.: by comparing the G? term, following from (4), with

e corresponding expression derived from perturbation theory. For this aim o:M can

2 2 =
use the G* approximation for the gap equation, obtained in papers {1,3]

m = m® + 8mkI;(m, A) + IQIM
1 5 3@3, A_.Nv
where .
2 Qm
G = qu_.wA e GEY) = (330 MeV)?. (8)

:Q.asd:ma\e:m&M,:aﬁw_:momﬁﬁfw ...
ore e \_«wmz?o_:ﬁ:mn::nrwfc_.>mw:wm:::<<m get the

E? = —67°G? or E =irV6G2 . (9
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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
pond of ¢4 pairs in the quark condensate. In particular, by studying the NJL model
at finite temperatures one can notice that GC plays the stabilizing role at increasing
temperatures (see 2.

Now let us fix the parameters of the NJL model with nonperturbative dependence
on GC and compare the obtained results with the G? approximation used in papers
1-31.

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

F(m,G) = 0.17 mVG? = 0.0055 GeV?. (10)

This quantity is close to the value of the last term of equation (7) derived in the G%-
approximasion
Qm
2 —0.0066 GeV®. (11)
6m
Therefore, the parameters of the NJL model, evaluated in the G? approximation for
GC, manifest only a little change in a more complete nonperturbative approximation
for GC. 2
Actually, we find the cut-off parameter A from the condition that the total quark

condensate should be equal to its standard value

F
()5 = —4mIy(m, A) — cw G) _ (—250 MeV)?. (12)
Then, we have
smo [, a0 (AN] s F(m,G) _
AmIi(m,A) = P Af—m‘ln Ay. = (250 MeV)” — —p— =
—15.6 x 10° MeV? — 2.8 x 10° MeV® = 12.8 x 10° MeV®. (13)

From here we obtain the value A = 870 MeV. 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 £ we get
F 2 2aq tot .
ol | ZESEY {49)6” _ (194 GeV?, = 8.06 GeV ™’ (14)

m m

and for the current quark niass m®

mm‘w
mo = M7 46 MeV. (15)
m

e

2L,et us note, that in article [1} other values have been used for G2 = {410 MeV)? and m, = 330
MeV. For G2 = (330 7\_m<vA and my = 300 MeV we obtain A = 820 MeV, x = 9.5 GeV~2and m” =5
MeVv.
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It is easily seen that these values are close to those which have been obtained in «rn
G? approximation (see [1] and the footnote). This fact shows, that for the value of Qn :
(8), used here, the G? approximation should give us completely reasonable results. .a_m

We would like to emphasize that the estimates given here have only qualitative :
character since the function (6) has been obtained in {5,6] for a very special case of
constant gluon fields G4 and G5. However, we can see that this function keeps itg
form for both electromagnetic m:m chromodynamical fields. That is why one can hope
that the form of this function changes only a little also for the gluon condensates, and
therefore the calculations performed in our paper are completely legal. Of course, the
problem to obtain more accurate form of the function F(m, G) directly for GC remaing
an open and very interesting task.

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