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The discovery of the stochasticity of free classical non-
abélian gauge fielas [1’2] and of the phase transition cof the
"disorder—order" type ("confinemeﬁt phase" - YHiggs phase") ir
fhese sysiems [3] makes very attractive the ides that the ob-
served phenomena zre preserved tn some dégree in the real
(i.e. quantum) vacuum of QCD and that namely the presence of
random colored vecuum fieids in ;t is responsible for the color
confinement.

From this viewpoin®, of speciel interest is the phenome-
non of lowering of dimensionality of quantum spin systeus
coupled to a random magnetic field near the critical poiunt [4]
and utilizing it for the confinement problem [5’6].

It has been shown [5] that the necessary and sufficient
condition for the areea law for the Wilson loop average VV(C)
iz the presence of randou fields in vacuum.

“In ref. [ﬁ] the reduction, due to stochastic vacuun
fields, of VV(C) of the four-dimenaicnal Yeng-kiills theory to
VVQC) of the uppropfiate two-dimensional one and, hencc, the
areus law is illustruted. .

. Unfortunately, refs. [S,C] aré nede less convincing

a
-~



larwely due to the Taci that authors have resiricted them-
gelves to the con51deration of planar loops. Note also ref. [7]
where the concept of the localization of one-dimensional dis-
ordexr systems is used ‘o qualitatively obtain the confinement.

In the present paper we have shovm that if one tékes‘into
account, in the functional integral of the&ry, the gauge fields
generated by randomly digtributed currents, then the appropri-
ate two-particle Green functions will correspond to the con-
finement. The physical picture of the gluon propsgator ig of
course not exhausted with these fields, for we cannof esti-
mate, on the background of random fields, thé relative contri-
bution in the functional int;gral of the fields of another,
nonstochastic nature, which should be particulexrly lmportant
ror small or average, compared to the confinement radius A
or, in our problem, to the radius of coxrrelation of random
gurrents JU-4 distances. )

Taking into account this remark, cbnsider thé gauge theory
with external randem color currents which are Gaussisn-distri-

buted (the so-cslled *white noise")

<I:4'('I)Iv5(g)> = fu Sﬂ\) 5 S(x y) ' (1)

In agreement with the‘abovestated, the dynamics of gluone
at the distances ~~ A ~'Ju'1 is determined by the gtochastic

differential equation

§S .+ -
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where S . is the action of geuge theory in the four-dimen-
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sional space - -time (below we use the Huclidean formulation),

and the quentun averaging is determined by the reletion
.qu n '— J Q.4 J' Qn
A (70) 0+ A g, () = AR @A

where the fields JA;J are determined from eq. (2), and the

averaging < -- > in the right hand side of (3) is performed

nccording to the Gaussien distribution of currents J'J., { )

QXP{— _e..;u_a JIJ‘J () Iju (x) dhﬁc} corresponding

to (1),
The generating functional of our theory corrc_esponding to

(3) ia given by the expressicn
a ‘ . —— a
Z(ah) = jm expi- [ & .
(hp) P [ayajﬂ(x)Jﬂ(oc)
@ Ta . 4
- by () Aﬂ(:x:)]c{ :1:} (4)

" ) Q
‘whose differentiation in the quentum source hj\, (Oc:) defines
the (3).

Passing in (4) from J to the variables jA and ua-
ing the standard method of rewriting the deferminant via anti-
o T %
commting vestor fields ¥ " Y L we shall obtain the exact

formala (for the scke:ieof simplicity we shall later omit the

Lorentz and internal indices):

jz>+ (=) DU oc).OAexP{ Haju é.%\a,
5 S
(I"H) 4’( }sALx)GA g)q/ ) (5)

-hA(a;)é" (x'ﬁ)]d"xd 3} -
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One may see from (5) that slready in the tree approxlm&-
tion the two-purtiele function of the type \3)<Aﬂ [1)A4(5)>
possesses the confinement property (see the first femm in the
3‘;Tp0n0nt {5)). We sholl show it explicitily using anothex me-
thod associated with the intreduction of the guperiield
dP_)M ac, @) {note the recently cbserved close rela.tion
peivoen the stochastic differential equaetions of the type (2)

and supersymuelry [-] )t

qD;' (x,8)= Ap () * 9%:' (x) + 4/; (x) é*’Cj.', é@ “

- 2
RTINS 0 and O are the sniicommuting variables (9 =
= 6 : = {9, e } =

for (5) we shall huve

=j2>¢exp{—.[[i(¢)'- | )
ﬂa ,aa ' 4 -
-5 4956—*8947" Hq?]d xd@d@}
(H k x)@ 9) wience it follows that the Pourisr trans-

fora of the propagator <¢J“ q)\) of the gauge superfield
has the structure of r'\p £ pm):

2 s 7 -1 o.g
(PepTeled) & Sav

where ol » i are the anticommubing verisbles corresponding to
@, & , which after the integration over o{}o{ results in
the confinementi:

AP{x-y) 2 g ¢

: : s B/
e <Aﬂ("°)A\7(‘JJ>"’5J_WJ J“/P.

Ve are indebied to A.Jl.Koteinlan for helpful discussions.
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