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The matrix elements of bilocal currents are calculated in

inatanton vacuum model. The classification of currents accord-

ing to the nature of coupling with vacuum fields is analyzed.

It is also shown that in the axial channel the direct instanton-

antiinstanton contributions that smoothed out strong asymmetry

in quark momenta distribution in mesons are essential.
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The main object with the help of which a wide class of ex-

clusive processes in QCD is described is the meson wave func-

tion vf(x) which in the infinite momentum frame has the

physical meaning of the amplitude probability for the meson to

decay to a quark-antiquark pair with initial longitudinal

momentum fractions X and 1-х , respectively (see, for

example [1] ). This function structure is defined by long dis-

tance interactions and cannot be calculated in perturbative

QCD theory.

There exist different approaches to determine the properties

of these functions: semi-phenomenological - baaed on the QCD

dispersion sum rules (DSR) QCD [2, 3] , phenomenological -

the relativistic quark model (RQM), based on analysis of the

low-energy experimental data of light mesons [4, 5] . It should

be emphasized that wave function structure in these two appro-

aches differs essentially: if in the case of the RQM the axial

projection of the pion wave function % ( X ) is close to the

asymptotic one, *f ($;) = -jf (I ~^
Z
)fsi £ = 2x-1 , then in DSR

QCD method the corresponding function has zero (at £ • 0)
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) and/or oscillates [6] . Recall,

that formfactors values at high Q. essentially depend just

on Уя(£) structure.

On the other hand, lately we have essential progress in

understanding of mechanism of spontaneous breakdown of shiral

symmetry (SBCS) [?] and as consequence of this, in the under-

standing of physics of particles of peeudoscalar octet [8] .

Instanton "fluid" vacuum model allowed to describe low-energy.

characteristics of ( ЗГ, К ) mesons in good agreement with ex-

perimental data [9, 10]. Algorithm proposed there for calculat-

ing the correlation /unctions allows to investigate more tho-

roughly the structure of & (X) mesons wave functions by the

non-ptrturbative theory method. Consider the matrix elements

of the bilocal operators in Euclidean space:

(3)

where

a t



which define the axial, pseudoacalar and tensor projections of

the pion wave function (see, e.g. [1] )

Vx4W 1-Я,Р,Т (4)

The axial projection ^ (£) defines the pion formactor

asymptotics in the perturbative QCD, the pseudoscalar and ten-

sor projections define the power corrections to the asymptotic

(the term "~ 1/GL ). In vacuum model under consideration all

the three wave functions projections differ from zero in seem-

i.ag contradiction with results of [11,12] . Therefore, it seems

necessary to give a comment on currents classification by cha-

racter of their couplings to vacuum fields. Let's recall the

instanton selection rules from [11] . Direct contributions from

Fig. 1a are the important elements of classification, channels

which allow them are exclusive, and the statement that

the corresponding quantum numbers of currents are 3 = 0 has

a character of a theorem. In ansatz under consideration we have

(see below) dominant contributions with 3P»1"*, 0" . To under-

stand this difference, let us examine a chain of arguments

leading to the proof of the theorem. The main points are as

follows: polarization operator П^-» .
 M
<
v
i of local color-

less currents with arbitrary Lorents structure and quark con-

tents j ^ -/.v



is factorized over Lorentz spins of incoming currents, that

automatically means that there are only direct contributions

with spin zero (currents under consideration do not contain

covariant derivatives). It is really so if contributions from

diagrams of Pig.1b type are absent. These diagrams in axial

3 = 1 channel are proportional to 6^v and because of

swelling of instantons effectively turn into side fluctuation

of Pig.2 type, which is relatively small. But in the discussed

N N
model in thermodynamic limit -— • const, -g ia the number of

instantons (equal to the number of antiinstantons), V -

four-dimensional volume, pseudoparticles are in equilibrium

and because of effective repulsion cannot swell [13,14] , i.e.

contribution of Pig. 1b to fifty/ is essential, corresponds to

direct instantons and is of the same order as from diagrams of

Pig.1a ~fyPy/P
2
« Their joint contributions in leading order

in medium packing parameter fJR ( P = g
00
jvi

e
v *

a
 average size,

and R
 =
 200 MeV *

a
 average density of singularities )

approximation and for current quark mass гпо equal to zero,

reconstructs transverse polarization operator in channel 3 - f~

[в]:

However such interplay of two types of contributions seems

not so evident when quark ourrent masses are switched on. In

connected diagrams the pole is changed by a meson mass, while

the disconnected diagrams give an old result with overall

change of f«r(rrto) . Using explicit form of fermion pro pa-



gator [10]

Л

С =
 Р

5
for Л у we have

,2 г -г

(5)

where the axial constants of mesons ;f
M
 , the chiral condensate

<4
/ l
f> and effective mass M(P) had been obtained earlier

[7-10] (ibidem see details of calculations). Additional argu-

ment in favor of self-consiatency of connected and disconnected

diagrams in axial channel is a correlation betv/een FIJUV and

•hich at ГПо *fc 0 directly connects both types of diagrams

In the approximation under study ( p M « 1
;
 rn/M « 1 ) discon-

nected diagrams for Л,, equal zero and hence we have

s 2 i<^

Using a relation

2

j
JM

we restore (6) from (5).

Note, that nondual ansatz under consideration does not



possess SU(.2)
to
g x SU(2)

g p a c e
 symmetry and so the fact that

the currents in the definition "v-i u'lt'
 a r e c o l o r l e e a

does not lead to selection rule for space spin ( 5 = 0 ).

Instanton-antiinstanton ansatz in the leading over

approximation contains equal quantity of pseudoparticles with

iaotropic distributions in color space and has definite charge-

parity с = +1 . Prom here immediately follows suppression

(confirmed by direct calculations) of correlators of local

currents for vector and tensor channels.

Thus, above analysis shows the presence of direct contribu-

tions at 3
P
 - 1 , which must smooth out strong asymmetry in

quark momenta distribution, stipulated by the presence of side

fluctuations, i.e. in vacuum model under consideration axial

channel has structure which essentially differs from the one

obtained in DSR QCD, and values, for wave functions moments

(n=1,2)

must be shifted toward diminution. Remind that <£ > *-0.43,

"0.24 [2j . Direct estimates below bring to smaller va-

lues of <£2n>(n-1,2).

Further study we'll carry out in the leading order in J>/R

in the limit rn<j-*"O (mass correction gives only redefinition

o f i*i Лт
я) С

1 0
!)* Matrix elements (1,2,3) may be connect-

ed with correlator (Pig.3):



by extraction of amplitude of pion generation from vacuum

П(г,Р) = — ^ ^<0|d
r
(E,-z;i

5r
CP)>

(8)

(7
 =
 Op ) a ) <3/uv

Making recalculations [8,10J , namely replacing Ц* by zero

modes

averaging over positions and orientations of pseudoparticlea,

summing connected diagrams, extracting the pion pole we have

For antiine tan tons Bf must be replaced ^
5
~*~~%5 . Here

2 P

Mi
 =
 M (CĴ  ). Using the parametrization Q

( 2 =
 K±-J- we

obtain for projections *f^ (£ gP) :



4Nt f d*K Ei

c Г

^ M ? ) ( |

Integrating over angular variab3.es (rejecting- tsma P s 2.1

using

we obtain ( V = P- £ _, S = K2 ) Mc s /M(0)
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Recall that in logarithmic accuracy

1Г M^o) injfi\ * t 3 7 M e V

M(0) « 300 MeV

i.e.

In the approximation under consideration it is necessary to

substitute M(S) by M(0) , and the integral is determined by

parametrically small momenta К * о

Similarly, for tfp(Vj and Ут(\>) we have

'/г

(12)

(13)

The well-known [53 connection la obtained from (7) and (12):
s

и «ev



Passing to the Fourier-transform according to (4)

сад

s

for

(14)

(16)

фт(0)= 1+O(f/R)

Functiona ф_(^) S° *° zero at | t I > 1 and are symmet-

ric when replacement fc —»• - fc takes place. When V > 0 , they

can be presented in the form:

«it
(17)

1 - * \Va

(18)
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(19)

1-f £•«(

Plots of these functions are given in Pig.4. In derivation

of asymptotes (17, 18, 20) there was used the asymptotic

value [6] :

„ 36M(O) nSc л
,

and relation (19). Obtained function <p
fl
 (£) makes it possible

to estimate < £ 2> and < £*> :

Restrictions from above are connected witir the following

properties of ф (£) : symmetry, monotony of functions at

t>0 ( t<0 ) sn-u absence of dips. These properties are

common for all projections and are connected with positivity of

MfP) function. Indeed, as £/f-fc is a monotonously rising

13



function at 0 < £ < 1 , and the integrands in (16)-(18) are

positive, the integrals grow and functions ф
х
 (£) cannot

have minima.

The axial projection of Ф
д
($) is close to the asymptotic

function, the peeudosoalar of ф
р
($) has more wide distribution,

Ф
Т
( Ь ) is essentially narrower and its derivative at fc • 0

undergoes a jump. A similar behavior have projections of wave

functions for К mesons.

The values of ф
х
 (fc) numerically are not correct for inter-

mediate values of fc , though catch correctly the functions

behavior in the whole domain. The adopted approximation gives

exact description only in two regions of £ : j £ j <& 1 ,

'~ i^\ ^ I corresponding to regions of small ? P « f and

high £> P »] relative quark momenta, since in the studied

model of approximated Green function in field of one instanton

it is impossible to have a claim on exact calculations in re-

gion £ P ~ 1 [7] .

Thus, in the model of instanton-based vacuum consisting of

a superposition of instanton-antiinstanton fluctuations quark

momentum distribution in 5Г and К mesons is close to predic-

tions of RQM, symmetric and is essentially different from re-

sults of DSR QCD.

The authors would like to express tfceir gratitude to G.V.

Grigoryan, S.G. Hatinyan and N.L. Ter-Isaakyan for the useful

discussions.
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Figure Captions

Fig.1a. Types of connected planar graphs for two-point corre-

lation function. Thin lines refer to the overlap

integral, thick ones - exact Green function,

circles - . . Dashed line implies averaging over

positions and orientations of the corresponding

pseudoparticles and summing over the number

N ± """jT" of such pseudoparticles.

Fig.1b. Types of disconnected planar graphs.

Fig.2. "Side" nonperturbative interaction.

Fig.3> Diagrams determining |fx (fe) • The crosses denote

bilocal currents.

Fig.4« Normalized pion wave functions ¥•£

The axial projection (dash-dotted curve),

the pseudoacalar projection (solid curve),

the tensor projection (dashed curve). In plotting

ф
р т
 (̂ ) we used the value of fp obtained by-

numerical estimations from formula (15). All functions

are normalized up to corrections of the order of O(p/R)

which would increase the values of ф
г
 (О) .
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