


1 Introduction

The nonperturbative vacuum of QCD is densely populated by long - wave fluc-
tuations of gluon and quark fields. The order parameters of this complicated
state are characterized by the vacuum matrix elements of various singlét com-
binations of qua,rk and gluon fields, condensates: <: §g :>, < : G5, G5,

< g0 G5 22)g :>, etc. The nonzero quark condensate <: §g :> is respons1ble
for the spontaneous breakdown of chiral symmetry, and its value was estimated
a long time ago within the current algebra approach. The importance of the
QCD vacuum properties for hadron phenomenology have been established by
Shifman, Vainshtein, Zakharov [1]. They used the operator product expan-
sion {OPE) 1o relate the behavior of hadron current correlation functions at
short distances to a small set of condensates. The values of low - dimensional
condensates were obtained phenomenologically from the QCD sum rule (QCD
SR} analysis of various hadron channels.

Values of higher - dimensional condensates are known with less accuracy
since usually in the range of applicability of QCD SR the static hadron prop-
erties: lepton widths, masses, elc, are less sensitive to respective corrections.
The whole series of power corrections characterizes the nonlocal structure of
vacuum condensates.

Nonlocality of the quark condensate is characterized by the parameter [2]

\? <: §D% >
T < g
LGg >

(1)

where D), = 8, — igA3A%/2 is a ‘covariant derivative. This quantity is treated
as average virtuality of quarks in the QCID vacuum and characterizes the space
width of quark distribution. By the equation of motion in the chiral limit the
parameter ,\3 is also related to the mixed quark - gluon condensate

R <: q(igay,,G;,,7)q = 22 mi 2
Mo = gy > ! LA (2

This quantity has been estimated by QCD SR for baryons to m? = 0.8 +
0.2 GeV'? [3], and the lattice QCD (LQCD) calculations yield m2 = 1.1 4
0.1 GeV? [4]. - Within the -instanton model the mixed condensate has first
been obtained in the single instanton approximation in [5]. Recently, similar
calcufations has been performed in a more advanced instanton vacuum model

(6] with the result ® m2 fg, where p, is the characteristic size of the instanton
<

The result given in [3] differs from a correct one by factor 1/2.



fluctuation in the QCD vacuum. Below, we reproduce this result in another
way. As for the nonperturbative properties of gluons in the QCD vacuum, new
precise LQCD measurement of the gauge - invariant bilocal correlator of the
gluon field strengths has become available down to a distance of 0.1 fm (7).

As it has been proposed in [2], the nonlocal properties of vacuum conden-
sates are of principal importance in the study of the distribution functions of
quarks and. gluons in hadrons. There, it has been shown that this problem
can be correctly considered only if a certain nonlocal form of the vacuum con-
densates is suggested. Physically, it means that vacuum ‘quarks and gluons
can flow through the vacuum with nonzero momentum. To construct the sim-
plest ansatzes for the shape of the nonlocal condensates, in [2, 8] some general
properties of these functions and the restricted information about their first
derivatives have been used. :

On the other hand, in QCD there is an instanton [9, 10], a well - known
nontrivial nonlocal vacuum solution of the classical Euclidean QCD field equa-
tions with the finite action and size p. The importance of instantons for QCD
is that it is believed that af interacting instanton ensemble provides a realis-
tic microscopic picture of the QCD vacuum in the form of “instanton liquid”
[5, 11, 12] (see, e.g., a recent review [13]). It has been argued on phenomeno-
logical grounds that the distribution of instantons over sizes is peacked at a
typical value p, = 1.7 GeV~! and the “liquid” is dilute in the sense that the
mean separation between instantons is much larger than the average instanton
size. Moreover, the quark Green functions are dominated by zero energy modes
localized around the instanton. The effects of condensate nonlocality within
the instanton liquid model have implicitly been used in QCD SR for the pion
[14] and nucleon [15], where they appear as exponential corrections to the sum
rules along with power corrections typical of the local OPE approach.

In this paper, we start a systematic discussion of nonlocal condensates
within the instanton model of the QCD vacuum. As a first step, we calculate
average virtualities of quarks and gluons in the QCD" vacuum in the single
instanton (SI) approximation. Next, we attempt to obtain the correlation
functions f(¥) which describe distributions over virtuality »# of quarks and
gluons in the nonperturbative vacuum. The approximation used works well for
large virtualities, but fails in the description of physically argued distributions
at small virtualities (or long distances). The reason is that in order to have
a realistic model of vacuum distributions, the important effects of long - wave
vacuum configurations have to be included {16].

" The paper is organized as follows. In the second section, the general prop-
erties of nonlocal condensates are briefly discussed. The quark and gluon av-
erage virtualities A* are estimated within the single instanton approximation

in the third secEion. To guarantee the gauge invariance, we have introduced
the Schwinger £~ exponent as an operator element of the nonlocal vacuum
averages. In the fourths section, we analyze the space coordinate behavior of
nonlocal condensates. The main asymptotics of the correlation functions f{v)
at large virtualities » are derived. We also demonstrate insufficiency of the Sl
approximation to obtain the realistic behavior at large distances. There, we
point out the physical reason for the failure of the approach used in the large
distance region and suggest a way to solve this problem.

2 The quark and gluon distribution functions in the
QCD vacuum '

To begin, we outline some basic elements of the approach with the nonlocal
vacuum condensates. The simplest bilocal scalar condensate M (z) or, in other
words, the nonperturbative part of the gauge - invariant quark propagator has
the form (in the below definitions we shall follow works {2, 8])

M(z) =<: §0)E(0, z}g(z) :>=<: §(0)g(0) > Q(z?). | (3)

Here, E(:t:,'y) = Pfexp (¢ f¥ A,(z)d2*) is the path-ordered Schwinger phase
factor (the integration is performed along the straight line) required for gauge

o A
invariance and A,(z) = gAz(z)? In the same manner, we will consider the

correlator D##? (z) of gluonic strengths G, (¥) = gGj, ('r:)ii
2

DR (g — ) =<: TrG* (a) Be, )G () By, 2) > . (4)

Th‘e correlator may be parameterized in the form consistent with general re-
quirements of gauge and Lorenz symmetries as [17, 8, 18):

B, pe - 1 2,12 .
D (z) = 24 < gGE > {(gﬂpgva - gmg,,p)[D(:t:z) + Dl(zz)] + (5) .

8D1(1L‘2)
da? b

+  (Tur,0u0 — TpTolbupt Cuolup — TulpPus)

where <: ?2 >=< G;V(O)qu((]) > is a gluon condensate, and Q(2?}, D(z?)
and D,(2”) are invariant functions that characterize nonlocal properties of
condensates. :

The vacuum expectation values (VEV) like <: §g :>, <: ¢°G? :>
< ,?qu ©>, ... appear as expansion coefficients of the correlators M (2) and
D#vee (2} in a Taylor series in the variable z2/4. The coordinate dependence
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of the scalar condensates Q(22) and D{(z?), normalized at zero by Q(0) =1
and D(0) + D;(0) = 1, can conventionally be parameterized similarly to the
well - known a-representation for the propagator *

[o@ab)s o
[ e (5 =) (3 )if - (@)

The properties and the role of the correlation functions f {(v) have been
discussed in detail in [2, 8]. The explicit form of f(v) completely fixes the
coordinate dependence of the condensates and can be determined in the future
QCD vacuum theory. Evidently, f(v) ~ é(v), sl (v}, ..., would correspond to
the standard VEVs <: gg :>», m, ..., while the behavnor f(¥} ~ const would
simulate free propagation. We expect that the realistic f(v) occurs somewhere
in between these two extremes. Thus, it is a continuous function concentrated
around a certain finite value A? and rapidly decaying to zero as v goes to 0 or
00,

)

Q=)

D(mz) + Dl(fﬂz)

The correlation function f,(v) describes the virtuality distribution of quarks
in the nonperturbative vacuum (2]. lts n-moment is proportional to the VEV
of the local operator with the covariant derivative squared D? to the nth power

o _ 1 < §(DY)g >
l, v folv)dv = Fn+2) <iqg:>

It is natural to suggest that VEVs in the r.:‘_z._s. of - {8) should exist for any n.
It means that the decrease of f(v) for large arguments has to be faster than
any inverse power of v, e. g.,__l:ike _s_ome_e:xponentia_,l '

®

fo(v) ~ exp(—const - v) as v —oo. (9)

The two lowest moments give the normalization conditions and the average
vacuum virtualities of quarks A? and gluons A

° = _1<:q‘D2q:>_f\§_ 10
[) fov)dv =1, fo vf(vydv = 3 <iag> 2 _ (10)
(A2~ 0.4 GeV?, QCD SR [3]),

1< Ge DG, > A
/ £y =1, f v, (v e 2 (11)

10ne has to remember that in this work we make use of the Euclidean space and z* < 0.

Note that the quark correlator (3) has a direct physical interpretation
in the heavy quark effective theory (HQET) of heavy - light mesons as it
describes the propagation of a light quark in the color field of an infinitely
heavy quark [5, 13]. This behavior has been analyzed in detail in (19]. There,
it was demonstrated that for large distances |z| the correlator is dominated by
the contribution of the lowest state of a.heavy - light meson with energy Ag:
Q(z%) ~ exp (—Aglz|). This law provides the behavior of f(v) at small v

fo(w) ~exp(—Ay/v) as v 0. (12)

In the case of gluon correlator (5) the correlation length L, has recently been
estimated in the LQCD calculations [7]. The quantity A, = 1/L, plays a
similar role as Ay, i.e. D(z”) ~ exp (—Ag|2}) for large |z|. It is formed at typical
distances of an order of 0.5 fm and describes long range vacuum fluctuations
of gluon field.

In works [20, 21], the a.rguments in favor of a definite continuous dependence
of f(v) have been analyzed and different ansatzes for these functions were
suggested which are consistent with the requirements (9), (12). In particular,
one ansatz has been constructed by the simplest combination of both these
asymptotics

fo(v) ~ exp (—A;g ~ay- v) 4 (13)

with the parameters A, ~ 0.45 GeV and 02 ~ 10 GeV~*. This ansatz has been
successfully applied in QCD SR for a pion a.nd its radial excitations [21] and
the main features of the pion have been described: the mass spectrum of pion
radial excitations ' and 7 which is in agreement with the experiment and
the shapes of the wave functions of » and 7’ which have been confirmed by an
independent analysis in (2, 20]. Thus, we will regard the form (13) as following
directly from the pion phenomenology Below, we will make some conclusions
about the form of the correlation function f,{¥) using concrete solutions for
the instanton field and quark zero mode around it.

3 Vacuum average virtualities in the single instan-
ton approximation '
: ¢
Let us consider an instanton solution of the classical Yang - Mills equations in
the Euclidean space [9]. It is well known that in the vicinity of the instanton the
quark amplitudes are dominated by the localized mode with zero energy [10].
We will consider the expressions for the instanton field and quark zero mode in



the axial gauge A,(z)n* = 0 since in this gauge with the vector ny = &, — Y
the Schwinger factor E(z,y) = 1. The expressions in the axial gauge for the
instanton (+) (anti-instanton (—)) field

Apan) (@) = B(2) Apgreqy R(2) T + iR(2)0,R(2)7,
G (any(8) = B(2)G pwireqy B(2) Y, (14)

and the quark zero mod_e_ _

\I’gza: (33) = R:i: (w)qu:!:eg(z)i . (15)
where _
‘ _...,,..ﬂ—— arctan _3;4__

zZ + p* NCEN

have been-introduced in [22]. In (14) and (15) the expressions for the instanton
and quark fields in the regular gauge are given by

Ru(#) = exp [+i(@F)a(z)], afz) =

' 2z, ta . i
A::?-eg( ) = nf: m2.+ pzl ] ,uu,reg( ) = N Wa (16)
, o
TE (2) = @reg(2)€5, Preglm) = @ (17)
In (14) - (17), 2 = {(z4, %) is a relative coordinate with respect to

the position of the instanton center z. ‘The solutions (14) and (15) are
_given within the SU(2) subgroup of the SU.(3) theory (e are the correspond-

ing generators normalized according to T'r(r.m) = 15%) ‘and the following

notation is introduced: n;f = €qapw T Eeabcebcw are the t’Hooft symbols,
1+ T

gret = g'y,,'y,, 5 U‘T:FT:EU-I- with 7% = (41, 7), and U is the matrix of

color space rotations.
In the SI background in the zero mode a.pprox1matxon the bilocal quark

and gluon condensates acquire the form

M) =< B Oen@) = ()
*(p—2 -z

— —ZﬂfquzfdQTr[max( m.)q"m( )]}

D"”a(fﬂ) =< G(am)pv(D)G(a::}pa(z) >= ' (19)

2(9,;,09‘»0 g,ucrgv,o)zn fdd fdQGﬁé’(aa:) Z)G 6'(az)( ) :

Here, n¥ is the effective instanton / anti - instanton density. The collective
coordinate z of the instanton center and its color space orientation are inte-
grated over. In the SI approximation the term in (5} with the second Larenz
structure does not appear. This fact is due to the specific topological structure
of the instanton solution. Both the Lorenz structures will appear in the r.h.s.
of (19} if one takes into account the long-wave background fields [16].

''he averaging over the instanton orientations in the color space is carried

out by using the relation /dQU;’U}‘ = NLJ“}(S;, where N, is the number of
colors. Using the definitions (3) - (5) and c(18), (19) we obtain

n _ 87 cos[ & (arctan(”lzf) — arctan(+))]
Qos(z®) = / drr’ [ dt [R? + t2]3/2[R% + (t + |$|-)2]31/12 !
D, (z?) = D(w )+ Dy(a?) = (21)

_2dpt g e 1 2 sin?{ £ (arctan (E-%I—i) — arctan (£))]
B /;_ drr f dt [R"’R-i— 2R+ (¢ + |=))2)? =

{20)

where R? = p® 4 %, r = |2], t = z;. In the derivation of these equations we
have used a reference frame where the instanton sits at the origin and z* is
parallel to cne of the coordinate axes, say p =4, serving as a “time” direction
(i.e.,& =0, x4 = |z]). Expression (20) corresponds to that derived in [5, 23]
and expression (21) was derived in [24)°.

In the derivation of (20} and {21) the following relations between the quark
and gluon condensates, on the one hand, and the effective density n, = nt+n—,
(n* = n~) and the effective quark mass m}, on the other hand, have been used

<: g{0)g(0) :>= —:;, <: g*G? i>= 32n7n,. (22)
q

These relations are valid in the mean field approximation of the instanton liquid

model [13] and provide the normalization conditions in (18) and (19). Let us

emphasize two features of expressions (20) and (21). ‘

First, it is important that the factors cos(...) or sin®(...} in the numerator
of integrands reflect the presence of the £ factor in the definition of the bilocal
condensades.

Second, the correlators Q(2?) = Q,,(«?) and D,,(2?) are gauge - invariant
objects by construction. Therefore, the same expressions for the correlators
can be derived using any other gauge. But the axial gauge used seems to be
the most adequate in this case. :

#We are grateful to A. Radyushkin who communicated us this reference.



From (20) and (21) one may derive the average virtualities of vacuum
quarks and gluons in the SI approximation which characterize the behavior of
nonperturbative propagators at short distances in the instanton field

d0) . (x N . dDg.(z 241 ., 12
In expressions (23) for A?, factor 8 arises from the expansion of correlators in
~ the variable z2/4 and also due to the definition of A2y, (10) and (11). The
result for A2 in (23) agrees with the value for the mixed condensate derived in
. [6] if the relation (2) is used. :

We see that our result coincide numerically with that derived from the
QCD SR, (10), if the effective size of the instanton is approximately chosen
as pe = 2 GeV™!

Mo 05 GeV?,  Ala 1.2 GeV (24)

This value is quite close to the commonly accepted typical instanton radii 1.7
GeV-! chosen to reproduce the phenomenological properties of the instanton
vacuum (see review [13]). The recent analysis of the instanton vacuum parame-
ters given in {25] leads to the "window” for the p, value - p; == 1.7-2 GeV™L It
is interesting to note that gluons are distributed more compact than quarks in
* the QCD vacuum as it follows from (23). To demonstrate this it is instructive

to compare the short - distance correlation lenghts for quark I, = % a2 0.28
g

fm and gluon {, = ™ ~ (.18 fm distributions in the QCD vacuum (p. = 2
g .
GeV™?). _

We ignore the effects of radiative corrections to the condensates connected
with a possible change of normalization point g where the condensates are
defined. These effects as well as the effects due to non-zero maodes contribu-
tions are not very important. Thus, the S1 approximation works fairly well
in describing virtuality of vacuum quarks (gluons) and nonlocal properties of
condensates at short distances. In the next section, we are going to study the
shape of nonlocal condensates in more detail.

The relation of the quantity X; to the combination of VEVs of dimension
six has been obtained in [18] (see also {19]):

ﬁ < g fGP > < gitJ? >

2 < PGP > < giGE ]
where <: g3 fG? 1>m=<: g2 fo0Ge,GY Ge,, 1>, JP = Jo ) and J) = F(x) A vug(z)-
This formula is analogous to_ (2) for quarks and relates short distance char-
acteristic (23) of nonlocal gluon condensate D(z) to the standard VEVs of

(25)
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higher dimensions. The estimation <: S rG? > = < ¢°G? > following
from (23) and (25) (without the second numerica.llf small term) coiﬁcides
with that obtained in [1, 5] in a different way. The latter relation in (23) and
the expressions for A2, (1), and A2, (25), allow us to obtain a new parameterless
relation : '

< @fG > 3<qligonGule:> | < giJ? > N
== , (Sl approximation
< g*Gri b <igg> + <: g*°G? > (SLapp )

| | (26)
and then to estimate a poorly known value of <: G >

. 3 .

SOIE > (0.45£012) GeV?,

< g2GE >
To obtain this. value, we have used the approximation < gtJ? o Sigt <
giu.>2 [1) and the estimation for m2 [3]. . _

The expressions for Qaz(z) and D..(z) may be considered as generation

functions to obtain the condensates of higher dimensions in the SI approxima-
tion. From a technical point of view this procedure is more convenient than
the direct calculations of them. In Appendix A we present some new rela.tighs
for quark VEVs of dimension seven and gluon VEVs of dimension eight in the
SI approximation.

4 Nonlocal condensates within the single instanton
approximation. ' '
The aim of this section is to study the form of the distributions over virtu-

ality of quarks and gluons in the SI approximation. To understand the main
asymptotical behavior of correlators at short and long distances it is enough

to inspect the expressions (3) and (4) dropping the Schwinger E factor. We
‘will also consider numerical effects connected with the neglect of this factor.

To this goal, let us first calculate the correlators using the regular gauge
and neglecting the E factor. The corresponding expressions are given by (20)

and (21) with the changes cos(...) = 1 and sin(...) = 0 in the integrands and
are reduced to :

o) = S (-om) - e

' 3 14 2y - |
Dreo(s?) = ( W VIFE el -1), (8)

Ay (1 +y?) \yv/1+y7



where the dimensionless parameter y = 2 s introduced.
From (27) and (28) we easily find for the average vir{_ﬁualities

. 31 , 161
q,req — Ep-_z-l g.reg — ?E}

which are about 30% less than the corresponding gauge - invariant “physi-

cal” values in (23). The same quantities (without £ factor) calculated in the
singular gauge look like '

. 91 ., 961

q,sing = 5’;3! g,3ing '—' gpz‘ (29)

Thus, we see that the gauge dependence is very strong and the results derived
without E- factors may be far from being correct numerically®.

Now, let us consider the correlation functions f(v) in the regular gauge. To

this end, we make the inverse Laplace transform of the correlators (27) and
(28) and obtain

Jit9(v) = 20" erfc{pVy), (30)
fg"g(r/) = %p2- (E—;—I{) exp (—‘%—{) K, (%) , (31)

where-erfc(f) = 1—erf(t) is the error function and Koft) is the Mac-Donald
function. Then, it is easy to obtain large v asymptotics of these functions

freo() = 2,,2;;__;;(”0(3)), @
;9(v) = g_pze”‘.’z”\/ﬁv—?r(l-l-o (-11;)), | (33)

~which reflect the behavior of the corresponding correlators in the region of
small z. The same exponential asymptotics have physical correlation functions
. Jotgy(¥) resulting from the gauge-invariant correlators {20) and (21). Thus, we
can conclude that the model of nonlocal condensates in the SI approximation
‘can reproduce the main exponential asymptotical behavior ~ exp(—o - v) of
the physical correlation functions at large virtualities {short distances), and
the phenomenological parameter ¢ in Exp. (13) may be identified as ¢ ~ p..

As to the description of the small virtuality (long distance) region, this
approximation fails since in that regime f(v -+ 0) decays too slowly in contra-
diction with the physically argued “color screening” exponential asymptotics

il

®Note, that an estimate for A] calculated by non-gauge invariant manner (which is close
to A2 .ing in (29)) is presented in [26].

10

given in (12). In other words, the correlators in {27} and _{28) decrease too
slowly at large z. These conclusions remain valid for the physical case of gauge-
invariant correlators (20) and ({21), that is easily seen fl'Oﬂ:l t_he beha:vmr 'of
corresponding numerators of the integrands at large z. As it is explained in
[16], the S1 approximation considered in the present pa'per does not corr§spond
to the real physical vacuum picture. We should take mt(? account the ‘1mpor~
tant long-wave background fields too. These fields modify the long—d,l,sta,nce
behavior of the correlators and lead to appearance of the “second scz?le para-
meters A, and Ay = 1/L, in quark and gluon distributions, respectively (see
Exp.(12) and discussion there}. This effect allows us to repfoduce the long- and
short-distance behavior of the physical correlators (13) in a com!alete form.
It is also shown that the effect of long-wave vacuum fluctuations is not very
essential for the values of Ay related to short distances.

5 Conclusion

The instanton model provides a way for constructing of the nonlocal vac-
sum condensates. We have obtained the expressions for the nonlocal gluon
< TrG“V(x)E'(a:,y)G“"’(y)E(y,a:) > and quark. . o

<: g(0)E(0,z)g(z) :> condensates within the smgl.e instanton approximation.
The average virtualities of quarks A} and gluons A2 in the QCD vacuum are de-
rived. The results are Ag = 2% for vacuum quarks, and /\3 = gp—z for vacuum
gluons. The value of A estimated in the QCD SR analysis {3] is reprodgced at
p. &2 2 GeV™!. This number is close to the estimate from the phenomenol.ogy
of the QCD vacuum in the instanton liquid model [13, 25]. The moc‘iei provides
parameterless predictions for the ratio AN = 12/5 and the relation {26) for
the vacuum averages of dimension six.

The calculations have been performed in a gauge - invariant manner by
using the expressions for the instanton field and quark zero r'r.aode in th_,e axial
gauge [23]. It is shown that the usage of the singular gauge (in negles:l.mg.the
Schwinger gauge factor E(D,z)) in the calculations of non - gauge - invanant .
quantities leads to a strong numerical deviation from correct valu_es. ‘

The behavior of the correlation functions demonstrates that in the single
instanton approximation the model of nonlocal condensates can v'vell reprodul(‘.e
the asymptotic behavior of the functions (13) at large virtualities (short dis-
tances). The results for nonlocal quark {20) and gluon (21) n:onciensa.t2esr are
supported by the independent test of their local characteristics ,\3 and AZ. The
latter may be obtained from standard VEVs calculated within the instanton
model in {1}, [5] and [6].
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Nevertheless, the approximation used fails in the description of the small
virtuality {long distance) regime. The reason is the neglect of long - wave
vacuum fluctuations in the single instanton approximation. In the forthcoming
paper [16] we will prove that inclusion of the effects of these fluctuations cures
this disease.
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A Appendix

d*Q(2?) d*D(z?)
Nz T oldig?
calculated in the SI approximation and the same quantities expressed via the
quark and gluon VEVs obtained in [19] (below we put the current quark mass

my = 0) .

PQuw(z?) _ 7 1._3Q- 307307 +Q]
D7 12098 124 < Gg >

2D, () 5 1 IGP_,+23G3_, +30GE +8GE — 3GE o

—Sifigr = v 2 7172 3 44!6(}'4 5 g ™ (SI approximati¢a})

where the quark condensate basis wasichosen in the form

Here, we present the relations between the derivatives

(SI approximation),  (34)

Q7 = <GuCGuwg> Qf=1i<iGuGursa>,
Qi = <GGnGanowq> Qi=1<iDul0uy >,
and the gluon condensate basis was chosen as
G = < TrGLG,, >, ' . 8
Gt = < TrGLGuGapGap >, GS =< TrGuGupGuGap >,
G = <TrGuaGarGusGay >, G =< TrG 110G oG upGav >,
Gy = 1 <TG, >, G2 =i < TrJy\[DrGo, Gl >, G& =< Trd,D*J, >,

and the notation G¥_; = G} - G} is used.

12

References

[1] M.A.Shifman, A.l. Vainshtein. and V.I. Zakharov Nucl. Phys B147 (1979}
385, 448, ' :

[2] §.V. Mikhailov and A.V. Radyushkin Sov. J. Nuel, Phys.A9 (1989) 494;
Phys. Rev. D45 (1992) 1754. '

[3] V. M. Belyaev and B.L.loffe Sov. Phys. JETP 56 (1982) 493 (Zh. Eksp.
Teor. Fiz. 83 (1982) 876; '
A. A. Ovchinnikov, A. A. Pivovarov, Yad. Fiz. 48 (1988) 1135.

[4] M.Kramer, G. Schierholtz Phys. Lett, B194 (1987) 283.
[5} E.V. Shuryak Nucl. Phys. B203 (1982) 93; 116.
(6] M.V. Polyakov, C. Weiss Phys. Letl. B387 (1996) 841.

[7] A. Di Giacomo, E. Meggiolaro, H. Panagopoulos Pisa University preprint
IFUP - TH 12/96, UCY - PHY - 96/5, Pisa, 1996; hep-lat/9603017;
QCDY96 Conference talk, Montpellier, hep-lat/9608008;

A. Di Giacomo, H. Panagopoulos Phys. Lett. B285 (1992) 133.

[8} S.V. Mikhailov Phys. At. Nucl. 56 (1993) 650.

[9] A.M. Polyakov Phys. Leti. B59 (1975) 82; ' .
A.A. Belavin, A. M. Polyakov, A.A. Schwartz and Yu.S. Tyupkin Phys.
Lett. B59 (1975) 85. : o

[10] G. 't Hooft Phys. Rev. D14 (1976) 3432.
[11] E.V. Shuryak Nucl. Phys. B302 (1988) 559.

[12] D.I. Dyakonov, V.Yu. Petrov, Nucl., Phys. B245 ( 1984) 259; Nucl. Phys.
B272 ( 1986) 457. ,

[13] T. Schafer, E.V. Shuryak, (1996), review, hep-ph/9610451 and references
therein.

i14] E.V. Shuryak Nucl. Phys. B214 (1983) 237.
[15] A.E. Dorokhov, N.I. Kochelev Z. Phys. C46 (1990) 281.

[16) A.E. Dorokhov, S.V. Esaibegyan, A.E. Maximov, S.V. Mikhailov, in
preparation. ' ¢

13



(17] H.G. Dosch, Yu.A. Simonov Phys. Lett, B205 (1988) 339.

[18] S.N. Nikolaev, A.V. Radyushkin Nucl. Phys. B213 (1983) 285.
[19] A.G. Grozin Int.J. Mod. Phys. A 10 (1995) 3497.

[20] A. V. Radyushkin Phys.Leti. B271 (1991) 218.

[21] A.V. Radyushkin CEBAF preprmt TH - 94 - 13 1994, Newport News,
" hep-ph/9406237;
A.P. Bakulev, 5.V. Mikhailov Z. Phys.C68(1995) 51.

[22] A. P. Bakulev and S. V. Mikhailov Mod. Phys. Lett. A11 (1996) 1611.
[23) M. Hutter Munchen preprint LMU-95-03 (1995), hep-ph /9502361,

[24] V.N. Baier, Yu.F. Pinelis Phys. Lett. B116 (1982) 179.

{25} D.I. Diakonov, M.V. Polyakov, C. Weiss Nucl. Phys. B461 {1996) 539
[26] N. Kodama, M. Oka Phys. Lett. .B340 (1994) 221.

Received by Publishing Department
on February 21, 1997,

14



