


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 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 obtained in the G?-approximation eatlier [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] .

L= 36D ~ m) + sl(@)" + (@s7a)] - }G:,G:", | 1)

where g, q are the quark ﬁeldé, mY is the current quark mass,
GY = 9*GY — 8"GE — g fu.GL G, : (2)
D# = 9" 4+ igG*, G* = %A,,Gg, : (3)

T denotes the Pauli matrices, A, 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. o :

The detailed derivation of the gap equation for constituent qua.rk mass in constant
external gluon fields can be found in papers [5,9). Here, we glve the final form of
this equation derived by the above mentioned authors for the case 'of constant fields
con51dered in the flux- tube model

m=m’+ 8meli(m, A) + & F(m,G), (4)
where »
. : ‘ Nc A d‘k . _ 3 2 . A2]
Il(m, A) = -1 (27!‘) ) = (47!’) [A —m 111 m2 , (5)

~ is the quadratically divergent integral descrlbmg the quark ‘condensate with the help
of the cut-off parameter A, m denotes the constituent light quark mass and N, is the
number of colors. The function F(m,G) has the following form:
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= —z”—-g [ln(F(z)l‘(?z)) +(3-2In2)2+(1 —-32)Inz - ln(\/—7r)]

where z = z3m2/2E The quantity E is- expressed through the chargeless ga.uge fields
G% and Gs, which are connected with a color isotopic charge @3 and. of color hyper-
charge G, 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? = ¢G? and we find this connection by comparing the G? term, following from (4),
with the corresponding expression derived from perturbation theory. For this aim one
can use the G? approximation for the gap equation, obtained in papers [1,3]

m =m® +8mkl;(m, A) + K,i, : S (1)
. 6m ’ ’ o
where
G* = ——(GZVG;”’) (330 MeV)*. (®)

Here we have used the value of GC taken from the article. [10] Asa result, we get the
equation

E? = —67'G* or E=3 6G? (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. §g pairs in the quark condensate. In particular, by studying the NJL model

at finite temperatures one can notice that GC plays the stab)hzmg role at increasing

temperatures (see [2]). | .

Now let us fix the parameters of the NJL model w1th nonperturbatlve dependence
on. GC and compare the obtained results with the G? approx1rnat1on used in papers
13 T
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 mVG? = 0.0055 GeV>. (10)
This quantity is close to the value of the last term of equatlon (7) derived in the G2
‘approximation . S

o = 0.0066 GeV?. Ly

s Y ,_.?,

Therefore, the parameters of the NJL model, evaluated in the G? approximation for -
GC, change a little in a more complete nonperturbative approximation for GC. !

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

F(m.G)
9

(3g)s™ = —4mlx(m A) -~ = (~250 MeV)?. (12)

Then, we have o .

4mIi(m,A) = (:23”; [AZ —m?ln (%)2] = (250 MeV)3_ F(";,G) -

=156 x 10° MeV® - 2.8 x 10° McV® = 12.8 x 10G 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 x we get

F tot : ‘
Kl = (’" ) 29900” _ 194 Gev?, x =8.06 GeV~? (14)

..o\ m /] m ‘ .
and for the current quark mass m°

22,
o = EeE 6 ey, (15)
m
It is easily seen that these values are close to those which have been obtained in the
G? approximation (see [1] and the footnote). This fact shows, that for the value of GC
(8), used here, the G? 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 can see. that the form of this function
keeps its form for both ele(‘tromagnetlc 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 our paper are completely legal. Of
course, 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 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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'Let us note, that in article {1] other values have been used for G? = (410 MeV)*
and m, = 330 MeV. For G? = (330 MeV)* and my = 300 MeV we obtain A = 820
MeV, x = 9.5 GeV~2 and m® = 5 McV.
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