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1 Introduction

At large momentum transfer, the amplitudes of the exclusive hadron
processes due to a factorization of large and short distance dynamics
[1]-{3] are expressed, in leading logarithmic approximation, as the con-
volution of hard and soft scattering amplitudes. The first ones are cal-
culable in perturbative QCD; they are dominated by hard one-gluon
exchange diagrams. The second ones describe the soft transition of ini-
tial and final hadron states into quarks; they are determined in terms
of the hadron distribution amplitudes (DA) [1]. These phenomenolog-
ical funictions have the meaning of the amplitude of hadron decay (in
the infinite momentum system, py, ~» oc) into a quark - antiquark pair
(it the meson case), with momentum fractions apy, and Zps, (T = 1-—1)
and virtuality %, Since the DAs depend on the dynamics at large dis-
tances, they can be calculated only by nou-perturbative technique.

The first attempt to calculate hadron DAs was performed in [4].
It resulted in a two-humped form for the pion DA. However, some
time ago. the applicability of this form of DA to exclusive processes
at high momentum transfer was questioned [5]. It was shown that
in the collinear approximation, at momentum transfer far from as-
yiptotic region, there dominates the soft one-gluon exchange which
corresponds to large values of the strong coupling constant. Morcover,
the prediction based on this DA overshoots the large () data on the
pion transition form factor published recently by CLEO Collaboration
[6] (for discussions, e.g., see ref. [7]).

Later on, in ref. [8], by using refined technique to extract the
hadronic DAs based on QCD sum rules with nonlocal condensates [9],
it was shown that the pion DA at low energy scale is more close in
form to the asymptotic one. It was also found that the form of the
hadron DAs is very sensitive to the structure of the non-perturbative
vacuum in terms of nonlocal condensates. Recently, in [10] and [11],
the nonlocal condensates were modeled within the instanton model.

In this letter, we will use the quark-pion dynamics developed in the
framework of the instanton vacuum model (see for recent review, e.g.,
[12]) in order to calculate the leading-twist pion DA at a low normaliza-



tion point of the order of the inverse offective instanton size p,. The in-
stanton model of the QCD vacim gves the dyvnamical mechanisyg of
chiral symmetry breaking. provides the solution of the L74(1) problew,.
and leads to understanding the physics of light. pscudoscalar wiesons.
Moreover, it dynamically generates the momentuni-dependent offec
tive quark mass M, and quark-pion vertex Yrgq a0l as a consequence,
provides inherently a natural nltraviolet cutoff parameter in the quark
loop integrals through the effective mstanton size ..

The instanton model paranieters are naturally related to basic gan-
tities of low energy physics. The inverse effective instanton size. ool
directly measures the average virtiality of quarvks that fow throngh
the vacuum with mowentun k,. where f\lj/ = \;{3 ~ 2000 [10] ==
(_}.5(}9\-’2[13]. The quark mass parameter M, 15 given by the Goldj TURITHE
Treiman relation M, = Yrge fr. With the quark-pion conpling heing
tixed by the compositeness condition. Finally. the effective instanton
density, 7., is determined via the gap equation.

Barlier attempts [14] (see also (13]) to caleulate the pion DA have
been done in the framework of the mode] developed in ref. [16]. whicl,
had further imiprovements. The cffective action sugeested in [16] is
valid only in the chiral limit and was modified consistently in [17]. In
[11], it was shown that the kernel of the effective instanton-induced
four quark interaction can be expressed in terms of a gauge invariant
quantity, nonlocal quark condensate, effectively resuming nonpertug-
bative effects of the instanton field. What Is important, in the context
of the present work, is that in general within the nonlocal models the
form of the conserved currents is different of the usual local currents
(see, e.g. [19]). These points lead to the conclusion that the approach
of [16] is not fully consistent with the low energy theorems. Consid-
ering these facts, some of the previous calculations also need to he
revised. In particular, the approach of [16] fails to satisty the axial
Ward-Takahashi identities (WTI). As shown in [19] the local part of
the axial current is modified by the nonlocal term. Physically, it means
that usual local currents are defined via (free) current quarks and
the modification by nonlocal terms occurs due to the transition from
current to constituent quark description in effective models. These



additional terms are not suppressed by small instanton density pa-
rameter and lead to the correction of the order of 30% to the value
of the pion decay constant Fy. Since the pion decay constant is an
integral measure of the pion DA, the main motivation of the present
work is to estimate the effect of such terms on the leading term of the
wave-function.

The paper is organized as follows. In Sect. 2, we introduce the
definition for the pion DA. In Sect. 3, we write the effective instanton
induced action in terms of quark fields gauged by P exp phase factors.
The gauge fields in the phase-factor (vector, axial-vector, etc) are in
general unphysical; however, their introduction is convenient in order
to generate conserved currents of the model. The results and main
conclusions are presented in the last section. In an appendix we show
how the axial WTT is satisfied within the nonlocal four-quark model.

2 Pion distribution amplitude at low energy scale

The axial projection of the pion light-cone DA ,(z) defines the lead-
ing asymptotic behaviour of the pion form factor. It parameterizes
the structure of the matrix element

. i (2o~ -z
<Ol (2, =2)" (p) >=ipuFy [ dwe @002 (), (1)

of the bilocal operator

J;fl(z, —z) = d(2)y, 75 P exp (z f_zz Aﬂ(z)dz") u{—z), (2)

where the light-cone limit is considered, 2# = An#, n* is the light-like
vector, n? = 0, normalized by p-n = 1, F, = 130MeV is the weak pion

decay constant and the leading-twist pion light-cone DA is normalized
by |
1
| depala) = 1. (3)
The path-ordered Schwinger phase factor is required for gauge invari-
ance and the integration is performed along the light-like direction z.

This factor will be neglected in the following, since the possible contri-
bution of a classical field (instanton) produces higher-twist corrections
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to the DA and that of a quantum field gives the corrections in small
instanton density parameter.

The bilocal current (2) is defined in terms of current quarks and
the effective low energy model, which we are going to use, is described
in terms of constituent quarks U/ and D. Thus, to derive the matrix
clement (1) we consider the vertex <() [];f(::, -—:){ U(kr)ﬁ(lg)) which be-
comes after the extraction of the pion pole

O3z, =2)|Uk)D(p — k) =

1
A - a B ,
O71 (2, =) 7+ (p)) R pgrm (k,p) . (4)
where

Urg thop) = (mH () |U(K)D(p — &)
. Then, expressing the matrix element

. A _ —
(OTM =, =) U D(p - k)
through a loop integral. taking into account the constituent quark
rescattering, selecting the pion pole, the expression for the DA is re-
duced to!

tr{T'3, (k. p) S(R)A T (k, p)S(k — p)}, (5)

where x is the fraction of the pion momentum, p, carried by a quark.
The 6— function in (5) accumulates information about all the moments
of the DA and is related to them by the Mellin transform.

In the above expression S(k), ATHa(k p) and %, (k,p) are the
dressed quark propagator, quark-axial current and quark-pion ver-
tices, respectively. It is the main subject of the rest of this letter to
specify these functions. To this goal we shell use the covariant offec.
tive low-energy model with separable nonlocal four-quark interaction.

"This expression generalizes one given previously in [14] (and also in {45]). In these works the
local axial current vertex, YuY¥s, was used instead of the dressed one, I (£, q). As il will he clear
this approximation is inconsistent, with the axial WTI.



Morecover, the actual caleulations will be done within a model with in-
terquark interaction induced by instanton exchange. The advantages
of the mstanton model is that e form of the nonlocal interaction
is given by quark zero modes and the parameters of the model are
directly related to the fundamental low-energy constants. One can
verify that the numerical dependence of the results on the pion and
current quark masses is negligible and can be ignored within the fol-
lowing considerations: iy = 0. mpr = 0. However, the interplay of
the effective gquark mass. A/, and the scale of the nonlocality of the
vacuum field, /\;f. has an important effect on the form of the DA.

3 Gauged nonlocal four-fermion model and con-
served currents

1. Let us consider the nonlocal chirally invariant action given by

S =5y + Sig. (G
with
Sy = ,f dedy & (v — ) QLr. X)iD,Q(X.y). (1)
1 4 v - 4 -
5‘1‘1 - }ZG[ / (X / ”1;1[ d Ay IX[(.I'l. Lo diy. .1.'4)
{Z Eif_,g(X — o OO (X, N + .1'3)] : (8)
QR(XN = 22 XITQL (XN, X + a4)| + (B & L)}
where the matrix combinations, I'; (O T, are
- a4 o Al 1 . « e L
1 £ 1 — T 3T 2 (2]\?_(' _ 1) (O—’“; K\J U“V — T (Tj“/ ‘\;\\ T (T{”;). (9)
7% arce the Pauli matrices for the flavor space, N. = 3 is the number
| .
of colors, and Qp(yy(r. y) = 5 %Q(.r, y) are the gauged quark fields

with definite chirvality. The form of the action is motivated by the
mmstanton vacuum model and. 1 the local limit. it reduces into the



tHooft vertex.  In the following we neglect the terms induced by ten-
sor interaction in Eq. (9) since they do not contribute to the scalar
channels. The action (6) effectively describes the interaction hetweer
quarks induced by instanton exchange and is a nonlocal generaliza-
tion of the Nambu-Jona-Lasinio (NJL) model. The nounlocal kernel
Kz, zy, 25, x4) 1s chosen in a separable approximation

Ny(xy, 2y, 25, 24) = flu JF(ea) fas) fay), (10)

where the function f(x) is related to a profile function of the quark
zero mode in the instanton field (sce below),

In order to make the nonlocal action (6)-(8) gauge invariant witl re-
spect to external fields, the quarks are coupled by path-ordered phase
factors:

‘ y { a Ta
Qz,y) =P exp{-z [z A,j(z)-rg—} a(y).
Np(2) = Va(z) 4 A% (),

We use a formalism which is based on the path-independent definition
of the derivative of the line path integral [21]

_—ﬁ‘/:dz” AU(Z) :A,u(?/)' (11)

It means that the terms induced by non-minimal couplings are ig-
nored. This formalism has been used in [18] (see also [22, 23]) for
gauging nonlocal interactions. The incorporation of a gauge - invari-
ant interaction with gauge fields is very relevant in order to treat
correctly the hadron characteristics probed by external sources such
as hadron form factors [19] and parton distribution tunctions [11],

2. The conserved currents are given by the derivatives of the action
with respect to the external fields at zero. In the presence of nonlocal
interaction the currents consist of local and nonlocal terms. For our
purpose, 1t is enough to regard the vertjce which involves one external



isovector axial-vector current. It is given by?

1F’;: (ln[ . k-z. A';;, /w7_1, (I) = '}”1'7"57’(1/2 + fo(]‘l)f(kz)f(l‘z)f(l‘1)
il
Z Z[ 1“ Qm )24]“ Hﬂ(k]“l"’Q‘-l‘q’:i‘-k‘l’Q)‘ (12)

where k; are the quark in(out)-going momenta and ¢ is the momen-
tum flow through the current. The usual local piece of the vertex is
obtained by gauging the kinetic term (7), which 1s equivalent to the
application of a covariant derivative, iﬁ, = idy 4+ V{(y) + A(y)s.

The nonlocal four-quark part of the current is generated from the
interaction term (8). In order to expand the path-ordered exponentials
entering the interaction, we use techniques described in [18] (see also
[24]). This method consists first in to obtain the Fourter transform and
make the Tavlor expansion of the kernel Iy(wy, 2y, 23, 04) 5 after, 1t 1s
necessary to couvert the powers of momenta into derivatives acting on
the path-ordered exponentials and quark fields, to make the inverse
Fourier transform, and then to resume.

There are two types of nonlocal vertices, generated from (8). which
contribute to the isovector axial current: type-I and type-1I1. The
type-Tis given by

HY (ke ko hs by q) = FF(ky+ q k) + F* (kg — g k), (13}
with the corresponding matrix combinations,
an 4
[(1 ?)13 (Q«"'U )24][’
Fflf.’(?(TC & i ;‘)Tb), _ abc(?q”_ @ T(.‘), (14)
and the type-I1Tis given by

HYyp By ko b baog) = F7 (ks + g ko) + F* (b — g, k)
~F (kA gy k) = P (kg = g k) (15)

“tere we are following spin-isospin classificalion of currents given in [19]. The difference of our
definitions and of that work is in the definition of the path integral. This difference is displayed in
the form of {mormentum) space non-local fortu factors 1, (&', k}. Still the longitudinal components
of the currents are the same i both approaches as it shonld be.



with the matrix terms
(257 2 1), —(ivs @ 7). (16)

In the above expressions the nonlocal vertex tunction, F* (k + ¢. k).
is defined as

2
F‘“(’{? + q,k) — (2]. + q)# [f ('lb +* (.I) /-f (l‘)_— 1]
(k& q)” — &2
and we use the same notation for the function / and its Fourier trans-
form.The energy-momentum conservation law is implicitly given by
the factor (27)" 8(ky + ky + g — ky — &y).

3. The vertices given in the previous subsection are bare ones. Now
one needs to “dress” the model taking into account the rescattering
processes. The first step is to constriet the dressed quark propagator
by means of the Schwinger Dyson equation. We treat it in the ladder
approximation, which is equivalent to working at leading order in the
1/N. expansion. I the chiral limit. this equation is given by

Ak e[k + M(k)]
- . - A. . -
ey kA TR )

M(p) = 2N,G, [*(p) |

where a momentuin-dependent quark mass, M{p) = M},Q(p)ﬁ (1) =

1), is defined by the dressed quark propagator:
Sl p) = p — M,Q(p). (18)

The solution of the eq. (17) can be written stply as M{(p) = M, f?(p).
From the other side, the momentum dependence of the nonperturba-
tive part of the quark propagator in the non-perturbative vacuun,
C:)(p), describes the nonlocal properties of the quark condensate, given
by

O = 1*Ng [ cap(—in- 2002 (19)

Q (27T)4 i X xr),
Q) = {: G0)E,(0,2)g(x) /(: 7(0)a(0) .

where the Schwinger factor, Eg(0,0) = Pexp (1 f§ A, (2)dz"), in terms

1
of the vacuum gluon field A,(2), guarantees the gauge invariance and
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Ng gives the normalization. Hence. through the solution of the gap
equation (17). the function f(p) is related to the nonperturbative
scalar propagator (19)

flp) =\ Qp). (20)
Now we specify the QCD vacunm model as given by the instanton in-
duced interaction. In this case. the scalar part of the quark propagator

iS:;
. o |7 Caretanf I gt
€07 o Cos [-—~ arctan( ) — dl(fdll("))]
Q) = -r / (h"rz/ dt— L ( = X 1
T S0 J =~ [RZ + fZ]J‘. z[Rz | (r + IJ,Dz].i/z

(21)
where B = p2+ % and cos [...] factor. that comes from the Schwinger
factor. effectively suins an wifinite set of uark-instanton interaction
terms. The normalization coefficient in eq. (19) 1s Ny, = 2a%p7%. o
obtain the above equation the explicit expressions for the instanton
ficld aud quark zero mode is used [200 101 The equation (17). obtaiied
i the chival loait, determines the parameter G as () = J[;ff{ Nl
where n,.is the effective nstanton density, and colncides with e
residt [16].

The pion mass? and quark-pion vertes ave obtained stz the 1o e
Salpeter equariog for the quark-antiquark scattering awplitude. {he
pion state is mantfested as o vole s the amplitnde and, in the ledder
approxination with a separable kernel, the quark pion vertex near (he

pole 3y given by

Do (ko) = gugf (p— &) f (B i35 T (22

where the quark-pron coupling is defined by the copipositeness condi-
tion

L ddpp(p)

2 2
Uy dp

. (23)
]’?—'—'—Hﬂg

The nonloeal condensate Q) and form factor JURY s naturally defined v che Faoelidean
region, where they deevease rapidly. Al loop integrads, like that of {175, are evaluated in Freliden

space (% 3 <k dM s ddM b Phvsical resalls are then obtained by onnalviieshiy continniny
back to Minkowskt space.

T the chiral Binnt chat we vse o thie work. the pron mass is zero in accordance with Goldetone
theorens and at Hinfe cnreent quark masses (0is dedineed Trom Geli- Mann Oakes enner selation.



and
Tpp(p) = i2N /.ﬁdjifz(k VA Vv [i95 S (ko )ivs Sk .o (24)
prp) = BN [ i P P e [ S )i Sk, ). (2
is the pion field polarization operator.  In (24}, the dressed (quarls
propagator is used and a notation Ry = kit 4 P2 s introduced.
Explicitly, the quark-pion coupling is given by [16]
VN / P o gy U2 R = 2R 5 () 1 G b (0
dn?. |

Y it (k2 — ALz (1))
(29)
where f'(k) = Of(k)/ok2.
4. The nonlocal four-quark vertices gy induce the two-quark dressed
vertices Iy, if one quark line closed to toop. The longitudinal part of
the dressed two-quark axial-vector vertex resulted from (125 is given

hy{19]

a - 43

! Lot I T ;{t 7 : 1 | f ey
‘1F§q (k,q) = ~"; PERE ;S“?T (M (ko q) + M (k)] — (26)

A M7
-Mj\"}f\"}@;f (k +q) f (k) / (“—)“7;53}?‘17?\(1_();/7)_]‘ U) [f = q) + fA{l+ (1”} )

where. to obtain the first term side the curly-brackets. tlie gap equa-

tion (17) is used. This vertex is bare one and in particular it i free
of singularities. To obtain the full axial-vector vertex we ieed to take
mite account the transition of the current into the constiruent (liarks
through their rescattering in the channel with pion quantum mnbers.
Iy the Appendix we check explicitly that the full axial-vector current
is given by

T(i

M ( ke + rj) + M (A‘\ .
— w2

lH

A | . "y

- fudl (Aa ’!) = "‘/‘H —_ —

NG

¢ J

It has physical singularity corresponding to pion and evidently satisfies
the axial WTT:

¢ Tulkoq) = S (k+ g)vs + 1557 (1),

10



The WTT and the requirement that the vertices contain no unphysical
singularities. nniguely define the longitudinal part of the vector and
axial-vector vertices. The transverse part is model dependent and, in
particular, within the present approach, depends on the path integral
definition.

4 Results and conclusions

The pion DA is computed from (5) by using dressed quark propaga-
tor (18), quark-pion vertex (22) and quark-axial-vector current vertex
(26). The momentum dependence of the dressed quantities is e-
fined by the nonlocality of the quark condensate (19), which in the
present approach is specified by the instanton mode) (21). The set
of parameters that we use in the actual calculations is given by [11]:
pe = 1L7GeN"1 M, = 230 MeV, n. = 0.7 fm~—*. They are consistent
with the low-energy observables as discussed in the introduction. In
the calculation of integral in (5) we use the Laplace transform tech-
nique described in [11]. In the present work we do not use the constant
mass approximation.

The graph of v 4(x) is presented in Fig. 1 in solid line, where we
can observe that its form is close to the asymptotic DA PTT () =
6z, The main contribution comes from the local part of vertex {(dash-
dotted line) and the contribution of nonlocal part (dashed line) is flat.
Note that the flat form of the nonlocal contribution results as a sum
of different nonlocal terms that have more complicated form.

The pion DA that we found is defined at low energy scale g ~
p . where the apphication of the instanton model is expected to be
justified. It serves as initial data for the QCD evolution to higher
momentum transfer scales Q. To obtain this relation, it is convenient
to expand the DA over Gegenbauer polynomials, Cg/z(\:r), that are the
eigenfunctions of the kernel of the QCD evolution equations:

0 In
asym — g &
oA, pir) = o5 (@) (14 Y Bolug) (—ﬁ-’”’—l"2 C3% 2z — 1),
n=24,. . (X IJ"O)

(28)
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where 7, are the anomalous dimensions calculated in the leading or-
der, in coupling constant a,(e); and B, {jy) are the coefficients of the
Gegenbauer polynomial expansion. The model DA 1s well reproduced
by the above expansion. with only the first few nonzero coefficients:

By(j19) = 0.069, Bi(po) = —0.061.
Bg(,[lﬂo) = —{.017, ang(ﬂ,()) = (). (29)

The distribution obtained is extrapolated to higher experimentally
accessible momentum scales using perturbative QCD, such that the
comparison with experimental data can be made. We choose the QCD
scale parameter \(,12,)5 = 250 MeV. In Fig. 2 we show the pion DA
evolved to the scale 1 and 10 GeV? in comparison with the initial
distribution at the scale ji& = /\3 = 0.5 GeV~,

Recently, new data on the pion transition form factor at rather high
()%, becomes available [6]. The perturbative QCD predicts the high
(0* behaviour of form factor as 13]

o J F; o
Fr (Q%) = 207, 30)
o V2 (0
with the constant .J being defined in terms of the pion DA
2 tda
J= -/ —pgala
3 Jo r ¥4 )
At asymptotically high Q% the DA evolves to p5" (&) and Jownr! =

2. At highest presently available momenta, ()* ~ 10 GeV?, this predic-
tion 1s reduced by the lowest order QCD radiative corrections [25] to
Jr P10 GeV?) = 1.6 and fits CLEO data well. Our predictions for
uncorrected J is very stable with Q% evolution: Jmede (pf)) = 1.98 and
Jrodrt (10(}0\72) = 2.01 and thus indistinguishable from perturbative
QCD predictions.

In summary, we present here some theoretical predictions for the
pion distribution amplitude. The non-perturbative formalism is based
on the instanton model of the QCD vacuum, expressing the hadron ob-
servables in terms of fundamental characteristics of the vacuun state,
The parameters of the model are the effective instanton size p. and

12



the quark-mass Af,. The first one is given by the average virtuality
of the vacuum quarks and the second one is related to the pion decay
coustant through the Goldberger-Treiman relation. It is shown that
the correct normalization of the DA is obtained by using the compos-
iteness condition and the strict implementation of PCAC. mmproving
some previous caleulations given in {14] and [15].

Our caleulations are restricted by the instanton vacuum mode]. In
the extended nonlocal NJL where the other spin-flavor terms in the
interaction are possible the pron DA can get contribution from the
vertex with vector insertion. The contribution of this piece to F. is
small and estimated as —10%{19]. However, it would he interesting to
consider its effect on the form of DA. We have also to bhe aware that
the nonlocality in this model is not fixed DY any microscopic priuciple.

The extracted pion DA corresponds to a fow normalization scale.
where the effective instanton approacliis justified. We obtain the pion
DA via standard perturbative evohition to higher momentunm valaes,
accessible by experitwent. A peasonable agreement with rhe CLEG
data on transition pion form factor at high momentum transfer was
tound. The formalisi nsed to detive the above results constitutes
comiplementary approach to lattice sitnulations, QCD sum rules o
to phenomenological fits to experimental data.
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Appendix

For completeness, we present an explicit derivation of the full axial-
vector vertex and demonstration of the axial WTI. After allowing
the constituent quark rescattering in the channel with plon quantum
numbers, the full vertex hecomes:

T (e =" T (p) + T8 (b p) (31)
where 1T (1 1) is the bare vertex gIVen 1 eq. (2(}') anl
f C:
Ape ey =P e g I NN Y TS
““i(”( A ]}"g 4P, ‘1(1) B CI]][ ” !) (]; rq( 1() (J-)
with T (B p). Tpp (p) defined by (22). (24). correspondingly, and
. . di o
];w 4 (1)) == !2,\( PSRN f (}1) f (/1 "1
12

1 {-“I"‘” (kop) [k + 20 (] iy Faaron . )

with 7 = b 4+ p. Due to the gap equation (17}, the vertex (32)
contidus a pole at p* = 2. Comparing the residues al the poles
i (27) and (4] at © = 6 one gets the expression for the pion decay
constant. The mtegral in (33) is rediwced to the mtegral defining (}_‘
iu (23}, on ;n(m mass surface. and the eq. (33) can be writleon as
p py o= ‘)f“*i])’! From the other side, this matris element defines
the decay ((ms{dnt Jhap) = Qﬁﬁzp”. T hus, the pion decdy constant
Foois reproduced as given by the Goldberger-Treiman relation [19]
F.oo ;,.f"ffvj‘i-:',”/’gﬁq. I stmilar way 1f one inserts in the integral of (33)
e factor exp = (p— 2k) 2] projecting the quark with momentum
I slong 'if.}'hi—lii;{\ direction v one derives the eq. (3).

The f‘ vertex can be rewritten in the form explicitly satisiying
rhe WL he fivst two ternus o the rics, of eq. (26) clearly satisfies

BN

rhe AW

rencattorine tevm UM Tk by using eq. (26). becomes

T oorder to 11"1"1}‘@’-‘13‘-;?{{{’ the third terni of such equation. th

14



A4 M (12 , ,
[GI-IPP(P) / (é;l;4 e Aggzlg)f(l) f+p)+ f(I—p)]—

A {lp= M) = M ()] [+ M (1)) + M ()] vs}
-/ 7)1 (I = M2 (1)) (12 — M?(12))
SIVF0)] (34)

where I" = 1 + p. By cancelling one of the factors [2 — M? (12) in the
denominator of the integral with the term from the Dirac trace in the
numerator and properly shifting the integration variables, the first
term 1nside the square brackets of (32) may be rewritten in the same
form as the second. This demonstrates the required cancellation and
the full vertex is given by (27).

1.6 —

P (x)

1.

0.8

Figure 1: The axial projection of the pion distribution amplitude (solid line) at the
low energy scale #o = 0.5 GeV2. The contribution of the local part of vertex is
shown by dash- dotted line and the contribution of nonlocal part by dashed line.
The asymptotic distribution amplitude is shown by dotted line.
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Figure 2: The axial projection of the pion distribution amplitude (solid line) at
the low energy scale pf = 0.5 GeV? and its evolution to higher momentum trans-
fers squared: (9% =1 GeV? (dashed line), Q% = 10 GeV? (dot-dashed line). The
asymptotic distribution amplitude is shown by dotted line.
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IMoHHAd aMnUTYaa paclipeneneH!s B HHCTAHTOHHOI MOJIEIH

Ionyycna nuonHas amminTyaa PaclpeIc/ICHUA B TUOIHPYIOLUEM TBHCTE HA Ma-
NOM Maclurabe HOPMUPOBKHM, B KayecTBe KOTOporo Boibpana obpaTHas BennumHa
CPCAHEIO pasmMcpa UHCTAHTOHA p,. B Modenu uucradToHHOrO BaKyyma paccMmorpe-
fd MUOHHAA IMHAMHKA, COITIACYIOIASCS ¢ KaMOPOBOYHOI HHBAPHAHTHOCTBIO H
HU3KOSHEPICTHUCCKHMH TCOpeMamHK. Pesysibratel npomomkens! B oGiacts Bonk-
LHX HUMITY/IbCOB TIEPE1AYH H COMMNACYIOTCA ¢ NOCHCAHUMH AaHHBIMH Konnabopaiuu
CLEO no nuoxnomy nepexonHomy gopmcpakropy. Takxke 11okasaHo, yto paHHMe
BbIMHCIEHHS B pabotax [14] u [15] HapyllaloT aKCHanbHbIe TOXIecTBa Yopaa—Ta-
Kaxaiu.

Pabora BbinosineHa B JIaboparopuu reoperiyeckoii tpusukn um. H.H.Boro-
mobosa OUSH.

Hpenpunt O6vennuennoro HHCTHTYTA S0epHBIX HecTenoBaHui, dyGua, 1999
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Anikin L.V, et al. E2-99-339
Pion Distribution Amplitude within the Instanton Model

The leading-twist pion distribution amplitude is obtained at a low normaliza-
ton scale of an order of the inverse average size of an instanton p,. The pion dy-
namics, consistent with gauge invariance and low energy theorems, is considered
within the instanton vacuum model. The results are QCD evolved to higher mo-
mentum-transler values, and are in agreement with recent data from CLEO on
pion transition form factor. We also show that previous calculations of Refs. [14]
and [15] violate the axial Ward—Takahashi identity.

The investigation has been performed at the Bogoliubov Laboratory of
Theoretical Physics, JINR.
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