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The matrix elements of bilocal currents are calculated in
instanton vacuum model. The classification of currents accord-
ing to the nature of coupling with vacuum fields is analyzed.
1t is also shown that in the axial channel the direct instenton-
antiinstanton contiributions 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 im described is the meson wave func-
tion (X) which in the infinite momentum frame has the
physical meaning of the amplitude probabllity for the meson %o
decay to a quark-antiquark pair with initial iongitudine.l
momentum fractions X and {~X , respectively (see, for
example [1] ). This function structure is defined by long dis-
tance interactions and cannct be calculated in perturbative
QCD theory.

There exist different approaches to determine the properties
of these functions: semi-phenomenclogical - based on the QCD
dispersion sum rules (DSR) oCD ([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 iwo appro-
aches differs essentially: if in the cése of the RQM the axial
projection of the pion wave function ‘fﬂ(x) is close to the
asymptotic one, ‘f:c(ﬁ)= %’ (1-%%*)fg §=2x-1, then in DSR
QCD method the corresponding function has zero (at E = 0)
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Tal¥) =7 fy B2(1-§2) end/or oscillates [6] . Recall,
that formfactors values at high Q° essentially depend just

on ¥3(§) structure. .
On the other hand, lately we have essential progress in

understandiné of mechanism of spontaneous breakdown of chiral
symmetry (SBCS) [7] and as consequence of this, in the under-
standing of physica of particles of pseudoscaler octet [8] .
Instanton "£1uld" vacuum model allowed to describe low-energy
char#cteriatics of (M, X ) mesons in good agreement with ex-
perimental date [9, 10]. Algorithm proposed there for calculat-
ing the correlation functions allowa to investigate more tho-
roughly the structure of 9l (X) mesons wave functions by the
non-perturbative theory method. Consider ithe matrix elements

of the bilocael operastors in Euclidean apsace:

<o“:(z,~z)|w(P)>=-1P,,(-P-z)+22,.?,;(-91) o

fa(0) = f §g(0) = ]’En

<0]d"(2,-2)|T(P) > = H(-P2) $p(0) = f, @)
T - q =-2; € -D. (3)
<0|dyuy (2,~2)[T(P)> = -2iEuyapR Zp Yy (- P 2)
Yr (0) = f+
where

A + P +
JF (2,-2) = qJc:L(Z)XFX5 W (-2) §(2,72)= "Pd (2)¥s Yul-2)

J;v(z,-z)= "P;(Z')G}IV Yu(-2) at 2°—~0
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which define the axial, pseudoscalar and temnsor projections of

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

e (8) =g [ e (pryd(Pr)
1
fo= Ry I=ApT @

-1
The axial projection Sh (f) defines the pion formactor

asymptotics in the perturbative QCD, the pseudoscalar and ten~
gor projections define the power corrections to the asymptotic
(the term ~ 1 / al' Y. In vacuum model under consideration all
the three wave functions projections differ from zero in seem-
ing contradiction with results of [11,12] . Therefore, it seems
necessary to give a comment on currents classificetion by cha=-
racter of their couplings to vacuum fields. Let's recall the
instanton selection rules from [11] . Direct contributions from
Fig. 1e are the important elements of classification, channels
which allow them are exclusive, and the atatement that
the corresponding quantum numbers of currents are 9P= 0- has
& character of a theorem, In ansatz under consideration we have
(see below) dominant contributions with JP=17, o* . To under~
stand this difference, let us examine e chain of arguments
leading to the proof of the theorem. The main points are as

«p -

follows: polarization operator {14p of local color-

'
f‘ 'y
less currents with arbitrary Lorentz structure and quark con-

tents Jatp gV [C}(X)]

of ... pv i9x
ndlpl".}’lvl (q’ = Sd4X B ( O,Tdd‘p...pv(x)) dilpv _,,},,v.(O)lO>



is factorized over Lorentz apina of incoming currents, that
automatically means that there are only direct contributions
with spin zero (surrents under consideration do not contain
covariant derivatives). It is really so if contributions from
diagrams of Fig.1b type are absent. These diagrams in axial
3P= 17 channel are proportional to 5:.,\: and because of
swelling of instantons effectively turn into side fluctuation
of Fig.2 type, which is relatively amall. But in the discussed
model in thermodynamic limit i;— = conat, -’;— is the number of
instantons (equal to the number of antiinatantons), vV -
four~dimensional volume, pseudoparticles are in equilibrium
and because of effective repulsion cannot swell [13,14] , i.e.
contribution of Fig. 1b to rl!.v is essential, correaponds to
direct instantons and is of the same order as from diagrems of
Fig.1la ~ PP Pv/ P?. Their joint contributions in leading order
in medium packing parameter ?/R ( P = ﬁ!ﬂ'e_v— is average size,
and R= m is average density of singularities )
approximation and for current quark mass Mg equal to zero,
reconstructs transverse polarization operator in channel UP= 1
[8]:

5 e Pu P
May =~ $x (S - ~57).

However such interplay of two types of contributions seems
not 80 evident when quark current masses are switched on. In
co'nnecte'd diagrams the pole is changed by a meson mass, while
the disconnected diagrams give an old resuli with overall

change of fu (mc‘) . Using explicit form of fermion propa=-



gator [10]

A A p2

S = Prim P*‘:(m-—ﬁ-)
T p? 2 T 2 P22

prem PE+ (m~)

5
for FIFV we have

2 2 2

5 Fm 2 My, Fm

HPV =T pz+ mi‘ (P SFV PP pV) - Pa + mi4 6’JHV" (5)

where the axial constants of mesons fM s the chirsl condensate
< @“}’) and effective mass M(P)} had been obtained esrlier
[7-10] (ibidem see details of calculations). Additional argu-
ment in favor of self-consistency of connected and disconnected

5
diagrams in axial channel is a correlation between n!w and
5 4 iPX 5 5
l'l,.=§dx8 <OITdp)¢70)[0>
chich at mcﬁéo directly connects both types of diagrams

S _ _»o: S
Fulpy =-2imfly . 6)

In the approximation under study ( SJM <<1) m/M <1 ) discon-
nected diagrams for ﬂ: equal zero and hence we have
5 2i<P Y
My = 575 mé M

Using a relation

? -~ my+m -—
mM=_g_(.f_§.'_.._2)-<.,qu> (7)
M

we restore (6) from (5).

Note, that nondual ansatz under consideration does not



possess SU(R) e X SU(2)gpqce symmetry and so the fact that
the currents in the definition ﬂ:._ﬁ_'::,:. are colorless
does not lead to melection rule for space spin ( 5=0 ).

Instanton-antiinstanton ansatz in the leading over
approximation contains equal quantity of pseudoparticles with
igotropic distributions in color aspace and has definite charge-
parity ¢ =+{ . From here immediately followa suppression
(confirmed by direct calculations) of correlators of local
currents for vector and tensor chennels.

Thus, above analysis showa the presence of direct contribu-
tions at J°=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

chaunel has structure which essentially differs from the one

obtained in DSR QCD, and valuea for wave functions moments

(n=1,2)
1
Gal®)
<§2">=Sd§—;:i-§a o= 0,1,2,...
' 1

must be shifted toward diminution. Remind that < £ w0.43,
< f*) =0.24 [2] . Direct estimates below bring to smaller va-
lues of <f2">(n-1,2).

Further study we'll carry out in the leading order in 9/ R
in the limit m,‘-—o (mass correction gives only redefinition
of f-’t(!)(m‘}) {10]). Matrix elements (1,2,3) may be connect-
ed with correlator (Pig.3):

Mx,u,v)=<0|TY uw)BYY), WYX §W¥)lo>s=



a4 P p(x- %) V-u
= K '211’)4-“ 4 n(z,P) zZ =
¢ bas

by extraction of amplitude of pion gemneration from vacuum

—24 P>

M(2,P)=—— 57 <0[d' (z,-7)|7(P)>

(8)
r_ A P T
d ‘Jy )d )Jyv
Making recalculations [8,10] , nemely replacing \V by zero

modes

W (X) s (Y)
(51~ So) (X, Yy)="~ 'LmI

averaging over positions and orientations of pseudoparticles,

summing connected diagrams, extracting the pion pole we have

<old"(z,~2)|ap)> = -§:° [Br(2,P) - Bs (2,p)]

4 d" i(q,+
Bz(i,m‘gi%afﬁi 5(q.-ge-p) 0 4" (9)

J A . t+y N . l!
M, Me SpB(q.tiHe) —3 == (Gt iM)

(g% +M3)(q% +MZ)

For antiinstantons BT must be replaced J.— ~¥s5 . Here

2
Mi= M (c“ ). Using the parametrization Q“,azki% we

* obtein for projections Yy (Z-P)



- My e

4Me d¥K  RIK B s Mgt Me
\fﬁ () = _“_.“.._'; LA 3 LS o
} CHUBICIRET

) nNe [ d*K Eeix-z o 90 G, + MMy .
=TETTN oo 2 Ay 7 z
k.'SDP';r z fa ) (29)% JMae (97 + My )(‘;!,dz*-Ma)
Ne { G#K 8IKE e Ko
=z ’f [ IR — D 7 A M -
i T(! = [ "LFE \/:\41 2 P N ER
F § BT Qi+ MiXq% + M2
. s 5
Integrating over anguler variables (rejecting terms P, &
uging
P S 2iK 2 R
{ &5 p* FF e P K G (KEP oK) =
S 2a? d
g t ad i m"{" Bl - 2,’z o1 - S
Tl s G — D R A R e R )
=iPe Zwl Y Tar ety igie T
ve ubtain ( V =P 2 =K 3 M = M{O)
oo
[C7 2 - _i-r a R S A
m!\*v')~ 3(:u\ﬁ)s.mj~-~—~—8MA§ ds
o

4Ne

o M(~ME)+ M(ME + 28] )
a(5)=74;— M(‘MQZ)M(M:E-!-ZS)] : : ) =

1BTE(S* ME)

tNc

N

2 Mo+ M(2S)
Mo M (25}
oM< £ LMo ]  1Bm2(S+ M3)
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Recall that in logarithmic accuracy (9]
2 Ne .2 1
o =5 M0 anz 137 MeV

M(0) ~ 300 MeV

l.e.

[

£, (0) =§—§f—%—d5=fﬂ
o
In the approximation under consideration it is neceasary to
substitute M(S) by M(0) , end the integral is determined by
parametricelly amall momenta K € é% .

Similarly, for 3}(V) and Yr(V) we have

T . N 1
Yo (V)= —1,— S B(s)mws‘fM:E ds 8(s)=§-ai—zc—ﬁnfMoM(25)] Ie
° (12)
<Y ¥>
fo(O)=fo= -~

4 (v) == 357 [ B®) (1~ cosv g3 ) ds

(4]

(13)

20)=fr=-5Fo

The well-known [5] connection 1s obtained from (7) and (12):

mg

e S ~ 2
fp‘ My + My fu 0.23 Gev", my+ My 11 MeV

11



Passing to the Fourier~tranaform according to (4) for

¢, (¥)=Y; (f)/g we finally find

(=]

%(F)=§;—;ga(5)[9(f+ 5+M2)’9(§'§7ST4?)] (14)

$,(0) =5 + 0(g/R)

$(§) = gf g(‘5)[ (f*rg%g)-e(g- Sowr)jds 0%

Qb ” ’ﬁg

Pp(0)= 5+ 0(g/R)

¢ (§)=- SB(S)(S+MZ ‘EDG sm-’-“(?’) (16)

¢,(0) = 1+ 0(P/R)

Functiona ¢I(“§) go io zero at |§‘ > 1 and are symmet-
ric when replacement ?*—? takes place. When §>0 » they

can be pregented in the form:

_ Mo f
&, (§) =1 { S 1-; ds { z F«1
A =7 "o a(s =~ o3 (17)
_ fﬂ:o 6(%)/2 1-§<<1
Ms & { -
o) t-2 (s { 2 e (e)
(% =-—-~——K 5)ds =
P 2 2f f-g 1/2
Po 3("3“‘) -«

12



b.(§) = 2(1-%) Pp(¥) (19)

1-§= ?S:'«i
¢T(f) = (20}
o(-H)* 1og

Plots of these functions are given in Fig.4. In derivation
of asymptotes (17, 18, 20) there was uged the asymptotic
value [6] :

36 M(0)
(p2s)3

pic »

M(S) =
and relation (19). Obtained function (Pﬂ (i-') makes it possible
to estimate < §'z> and < §’"> :

! S _\3 1
$> =55 | (eem) amds <3

{ S5 \§ 1
<§4>=—~5—f;‘— o) a(S)d5<'§'

Restrictlons from above are comnected withr the following
properties of ¢H(§) : symmetry, monotony of functions at
§>O ( E< 0 ) and abmence of dipa. ‘1“hese properties are
common for all projections and are coanected with positivity of

M(P) function. Indeed, as §/1-f is a monotonously rising

13



function st 0 < <1 , and the integrands in (16)-(18) are
positive, the integrals grow and functions dﬁ:(§) cannot
have minima,

The axial projecticn of 4%(;) is close to the asymptotic
function, the pseudoscaler of ¢,(¥) hes more wide distribution,

4%.(;) is essentially narrower and its derivative at § =0
undergoes & jJump. A similar behavior have projections of wave
functions for K mesons.

The values of <b1(§) numerically are mnot correct for inter-
mediate values of f s though catch correctly the functions
behavior in the whole domain. The adopted approximetion gives
exact description only in two regioms of & : |§)«!

{- ‘§| «{ corresponding to reglons of small 9P« { 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 s claim on exmct celculations in re-
glom op~1 [7].

Thua, in the model of instanton-based vacuum consisting of
& superposition of instanton-antiinstanton fluctuations quark
momentum distribution in S and K mesons is close to predic-

tions of RQM, symmetric and is easentially different from re-~
sults of DSR QCD.

The authors would like to express tkelr gratitude to G.V.
Grigoryan, S.G. Matinyan and N.L.. Ter-Isaskyan for the useful

discusasions.
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Pig.1a.

Fig.‘b.
Fig.2.

Fig.3.

Fig.4.

Pigure Captions

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

im
positions and orientations of the corresponding
pseudoparticles and summing over the number

N
Nt =5~ of such pseudoparticles.
Types of disconnected planer graphs.
¥Side” nonperturbative interaction.

Diagrems determining ?IL%) . The crosses denote

bilocel currents. . .

Normalized pion wave functions ‘fI (E)/’_fr I=A,PT
The axial projection (dash-dotted curve),

the pseudoscalar projection (solid curve),

the tensor projection (dashed curve)., In plotting

¢’P,T (f) 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 ¢ (0) .
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