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1. Introduction

As 1s well known, the QCD perturbation theory describes well the stromg
interaction physics at short distances. With the increase of distances the
non-perturbative effects become essential, At present, these effects can be

"taken into account semi-phenomenologically, on the basis of the QCD disper-
sion sum rules (DSR) method (see, e.g.[1]). «

On the other hané, as follows from the analysis of the low-energy expeQ
rimental data, in the region of relatively large distances takes place a
simple physical picture in which hadron is represented as a bound state of
the relatfvistic constituent quarks. The phenomenological model based on
such representation [2 ,6] enabled one to describe self-consistently a number
of the low-energy characteristics of hadrons: the magnetic moments and
electromagnetic radif of the nucleons [5,6] . ﬁe magnetic moments and Tep-
tonic decays of the baryon octet [7] , the radfative decays of the baryon
re;ommes [8] . In the framework of the model a consistent description of
the meson static characteristics and available data on G -meson formfackers
were also obtained [9] .

Emphasize that QCO sum rules methed and relativistic quark model (RQN
in what follows) pnteﬁ to describe the same region of hadronic physics



and Tead mainly to the similar results, although someiimes there arise essenk
tial differences, e.g. in the inves*tgation of the structure of the pion
:ave functien axial projection | 9 10]

‘n oraer to clarify a closer connection between the both approaches. it
it rzasonable to consider within RQM some formfactors of mesons and meson
resonances which have been calculated by the QCD sum rule method [11-14] .
This problem 1s interesting also from the viewpoint of clarifying the de-

pendence of these quantities on the quantum numbers,

2. Low-Energy Characteristics and Structure of

meson Wave Functions

Some resulis of this Section were obtained eariier, so we aive them
sorpleteness. We proceed from the formuiation of t.*.e relativistic quark

ceit s the iefinite womantum Trame {IMF) {J,GJ , which is based on the

Y
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F oine time-prdered diagrams of the old-fachioned perturnatitocs
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Here P, and B~ are._4-‘momenta of u,& -quarks; R=P* Py ,H=F’1‘Pg,
is the mass of U and d -quarks; Mg = P2 | 1s the 1nvar1ant mass of
the system of quarks ‘comnosing meson; ‘L, Jv are color indices, F(Po)
are the polarizatiocn véctO'rs of f and »H1 mesons Rad'la'l part of the
vertex functions \me Ar) descr'lbes the momentum d'lstr'lbution of quarks
in meson. Vertex fune tions (1-3) expressed via Pauli. spinors in’ the rest _
frame B = 0 have a standard SU(G) structure. ‘ '

When considering the electromagnetic transitions ;B - g +J , 1t is
necessary to use the IMF {n which 90°"9;7 u‘ » $e=;qli
[5.6] . For the fnftfal quark momenta we have a parametrizatidn at P-=oo,

- - - - _ _ L . '
B=x.Prky; ZK=0  Zxi=f o
We assume that the photon interacts with a first quark and for the final

quark momentum we have

—

P . ., T
K”. - Ku. xaq.L (5)
-y Iy —
Kay = Kot X2 %.

Invariant masses of the systems of initial and final quar-ks are equal to

2 2 , 2
2 Kytm = - 2 K2+m = > {R)
= K =K, -k K.=K
Mo X‘ xa , 1.‘ .L ) Mo X, xa 7 .L1 L

The parameter X; 1is connected with the quark momenta in the frame é:o K @,K)

, R mee— =0 _ |2 2
Xi= omr W=7 =K+ m )

Vertex functions (1-3) in the frame P, = = if exoressed via two-

component spinors
(2)

Wo = 2Z Wn Ump (K;)



where
m+@,+Kizati€mn bm Kin : L=1,2 (9)
[Klax* (Mm+oy+ Kig)?] ve

U(x;) =

have the same structure as in the frame FP,=0 [5,6] )

In accordance with the results of [2-4} we assume that the radial part
of the vertex function k|"(P.,Pa) ., at least in the characteristic region
of the variable variation can be considered as a function of one variable
Mf . To achieve a complete analogy with the works [3,4] we introduce the

notations

®(Mg) = Y(P) /MP- M (10)

' 2
where M 1is the meson mass, the denominator M- M; naturally arises in
the old-fashioned perturbation theory in IMF (for details, see Ref.[6] ).
The function CP(MS) corresponds to the radial wave function of Refs.[2-4].

2
We assume the exponential form of the wave function ¢ (Ma)

»
--M.§/4/\2 ) (11)

P (Ms)=

where N is the normalization parameter. The wave function CP (ME)
depends -on two quantities: the constituent quark mass ./ and rarameter
/\a which determines characteristic momenta of quarks in the meson <Ka>"'/\2
which, generaliy speaking, may be different for 91 |, f’ and H, mesons.

2
Parameters ma and A can be found from the description of the meson

*)
The introduction of factor Mo is not essentia!. At such parametrizat-

ion the formulae for some formfactors become simp'ler. ‘In Refs. [2 3]

¢ (M3)=N{ 25 P



1ow-energy characteristics: fﬂ (the constant of & — pMV¥  decay), ff
(the constant of = p— Y transition), fwsr (the amplitude of @~ STy
decay) and ”L;r { mean-square radius of pion). There are no experimental
data in the case of fl; -meson. We shall define the unknown parameter Ag
from. the description of quantity fn

<0]3,%(0)[A,(P,A) >v=fﬂ ej},(p) (12)

A - - g
whe.re I}‘ = %Xﬁ s Y is axial current, whose valve fq = 0.21 GeV' .
has been obtained by QCD sum rules method [15_].
' 2

The quantities ch; . f? , fmsr and < Ug? were originally considered
in the 1ight front formulation of relativistic gquark model in Ref.[f!] (see
also [10] ). In the diagram formulation of the model these quantities can be
calculated on the basis of the corresponding graphs of the old-fashioned
perturbation theory in IMF (Fig.1). The results are given in our previous

2

sork [9] . A good description of data on fﬂ, s fj, . fwsr and < Uy 7 was

obtained at the following values of the parameters
M = 0.260 GeV; Ag = Do = Ay =0.215 Gev (3

For the quantity fﬁ we obtained the expression

. e t -mz/AAiJ(,Xg
JcH . 4J6 Aq Na jx,xee dx, (14)
]

a
At A.‘I = 0.415 GeV fH = 0.21% Ge\l2 what is 1n qood aqreement with
the result of QCD sum rules.
Thus, the quark-meson vertices being chosen as (1-3), the low-eneray
parameters of mesons can be described at CPST (ME) = ¢f (M.f) =
=¢Q(M§) = ¢ﬂ,(Mf) , 1.e. the SU(E) symmetry relation takes place



for the vertex functions®).
The value of the parameter . A = 0.415 GeV corresponds to the following

. ' < K&
values of mean-square quark momenta: = ~2,3 in 9 , p .,

. Ke .
mesons and o3 2,7 in £, meson, i.e. the quarks in the mesons
must be strongly relativistic.

Turn now to the investigation of the structure of the pion wave function.

sonsider the matrix elements of the bilocal operators:

<o_}J:(z,—z)|§r(P)>=L(ﬂ,s";'(azpﬁazﬂi(ezp)) (15)

?nﬁ(°)=fn§r= Ta iﬂ(o) = fa

<013%(z,~2)[T(P)> = ¥, (22P) (16)
¢I0)=fo
<0|Tp (Z=2)|T(P)>= 26,040 2,47 (22P) (7
g ©0)=f,

where J:(E,‘Z)= %(Z}M’S% (-2), JP('Z;;Z)=“'¢d(-Z)55 Y,

T . - e
Lo(2-2)= 1H(2)8Nl2) at 20
which define the axial, pseudoscalar and tensor projections of the pion wave

function (see, e.g. [12] ).

*) Emphasize that the e;per‘lmental data allow the relation Agr =/\9_ =./\¢‘) .
but the latter does not follow from them. A good description of the data

1s possible, in .principle, also at /\,Tf/(g [l

g



{1

@ (x) = ge o (2p) d(2P) (18°
1
§I=eg ¢, (x)dx

where §=1-2x , L=A,P, T . The axial projection of Ef:r(x)
defines the pion formfactor asymptotics 1n the perturbative QCD, the pseudo-
scalar and tensor projections define the power corrections to the asymptotice
(the terms ~ EFI ) [16] . Of particular interest is the matrix eiemc:
(16) since the constant fgl may be related to the current masses of
U - and d -quarks fp = E%E]CW

In the framework of the model, the matrix elements (15-17) can be casily
calculated using non-covariant perturbation theory graphs (Fig.lc, where a
cross denotes a corresponding bilocal operator).

We have received the following expressions for the wave functions:

a J_m : 2_ J"rnNsr = 37;1;(75:)
fﬂ=o,133ras ;g x)=o
T 3 r .
5 @)= BB ngtP(Mf)dKi =
(] 2 20
EmaNgr(‘*/\a 1 e 4/\5";(1-::) (20)
4gNz \m*  x(1-x)
1o =o,a73(r38)2
J3 FASNG
(x) =~ 3251’%‘.1:(1 x) (qu’(Mo)d'&’ TTlEw (21)

2 2
X(1-x)€e “m4AT ()

f. = -0,0343 (sB)*

9



The obtained value of the pseudoscalar constant -fp corresponds to
the value of M, *+ M, = 9.4 MeV, thus being in good agreement with the
experiment (see also [10] }. Note also an interesting relation between the

constants fg » fp and J[T
fp=-6f1’+2mfir (22,

which takes place irrespective of the form of the vertex function C‘D(Mo2 ).
The normalized wave functions & ‘fz(xyf_t together with the asympto-
tic wave function Y (x)=3f;x(1-X)  are given in Fig.2. Note that
the wave function ‘j’ﬂﬂ(x) is close to the asymptotic one and essentially
differs from that obtained in [17] by QCD sum rules method. A detailed 1n-
vestigation of the properties of the meson wave functions (including the
strange and charmed mesons) as weﬁ as a comparison with the DSR results
will be carried out in a separate work. In this paper, in addition to the
pion wave functions (19-21) we shall present onily the vector projections of

the @ -meson wave function for longitudinal and transverse polarizations,

respectively:
" 3 B 4KS |2 (23)
‘fp = 2afx(1~x)NZ S‘P(M")(M' Mué’m)dKi
. ~ D ZKZ 2 (24)
B = g [ MM ) K
1 1
2{ ¢"(xydx = 2\ g (xydx = f, (25)
{4, SACEEE

The function f@"(x) determines the o -meson formfuctor asymptotics
in QCD (see, e.g. [16] ). It is interesting to note the essential dependence
of the 0 -meson wave function on its polarization. The function 'f; (x)
turned out to be considerably broader than ‘_("; (X) . We do not give the

10



curves for these functions, since (yf (x) /f 1; close to (fﬂ (x) /JCGT
and ‘;j’ (X)/_f practically cotncides with (x)/fP

3. Formfactors of § , [ and A, Mesons.

1) Formfactor of pion. As was already mentioned 1n a series of works

[9, 11-13] » in the region of not too large momentum transfers Ga the be-
haviour of the electromagnetic formfactors is not connected to the QCD per-
turbation theory and is determined by the non-perturbative effects. In our
previous work [9] it was in particular shown, that the pion electromagnetic
formfactor can be described up to Qa~ 5 (Gev)2 in the relativistic quark
model on the basis of a simplest quark diagram without gluon exchange
(Fig.3), whereas the contribution of perturbative effects In this region
does not exceed 30%. The formulae for the meson electromagnetic formfactors
in RQM have a similar structure, therefore, in this Section we shall restrich

ourselves to a detailed investigation of the pion formfactor [3,9]

' mt + 2 (1-%)° (26
F (Qz)‘ 8/\2 S)exp {" e/\ex(1_x) }
% (1-x)° 2Aex(1 014X
1 Zme T x(f—x)

As one can see from Fig.3, the formula (26) describes well the experimental
data up to G_aﬁ- 5 (GeV)z. while at large Qa the curve falls off more
rapidly. It is interesting that in this region the results depend weakly

on the form of the vertex function and the formfactor falls off approximately
in a power-law way. This fact was originally mentioned 1in Ref.[a]. Let us
explain it at greater ‘léngth. According to the 4-momentum conservation law
in IMF, the momentum transfer q A is always present in the combination

Cﬁ (1*X)e/4 , 1.e, the G,a dependence is strongly weakened. In the

1n



2

region 0.1<x < 0.9 the function EXP[- _37\2%(‘}‘_‘;)] is close to

X(1-x ; therefore at Ci,i £ 8A%  the main contribution to the in-
tegral comes from the range (1-X)<€ 8!\2/%2‘ , hence we have approximate
1y power behaviour of formfactor [ ~1 /c‘i . At further increase of L}i
the values of (1~X)~ '{E become essentfal, so the power-law behaviour
of the formfactor transforms gradually into the exponenttial behaviour of the
type of e-ﬂa”_

One should however mind that the constituent quark mass {s an effective
parameter which should depend on characteristic distances in hadron which
apparently decrease as Qa grows. Therefore in the region of large momentum
transfers it is wrong to regard the quark mass constant. It is natural to take
the quantity 1/ M: as invariant measure of characteristic distances 1;1 had-
ron, hence m'-'m(Mg) (see also [3] }. If we assume that the constitu-
ent quark mass is determined mainly by the vacuum expectation value
<0’q3 Yylo> (see, e.g. [181 }, then following the dimensiomality con-
siderations we have M ™ SP'LS%JB at large Mf . Under such
assumption, the values of 1'X~Q;%, mé ~(1‘X).V3“‘ 4. m3~(1-x)%~a':
are essential in the integral (26) at qi > 8A° . From here it follows,
in particular, that 9, dependence in (26) is strongly smoothened,
the quark mass falls off very slowly with increase of %_ and cannot be
neglected even at very large q,f (C}f (1"X)2"' mz)

Emphasize, that the experimental data also indicate the slow dependence
of m(@i) at least up to C}fﬂf 5 Gevz, because formula {26) with
constant mass “works" well in this region.

Hereafter we shall admit fqr m(qf) the fcllowing formula

ml

(1+@%/Qg)r

m*(G%) = (27)

12



where m = (.26 GeV 1s the valus of the quark mass from the analysis of
the static characteristics. The parameter Qf, ~ 8 Gev’ 1s chosen so that
the well-establisted dat: on F’r(a") at @< 4 gev? can be described
well by the theore*ic=1 curse. The decrease gf the‘quark mass with growing

Q% results in broadening of eXP{%]\?mj distribution at X1
therefore the formfactor falls off slower as qf grows (Fia.3, dashed
curve), e.g. at C}i > 10 Gev2 the quantity FST(Q"') increases approxi.
mately 1.5 times as compared to the constant mass case. A1l the further re
sults will be given for the variable mass case (27).

As was already mentioned, the q,f dependence in (2€) 1s stronaly
weakened. This means that characteristic distances in hadrons decrease very
Slowly with fncreasing G2 , and fall off only twice at g ~10 cev?
as compared to q:~0 . If we take for estimates the followina value of
constituent quark radius ¢ "b%l, >~ 01< Ri > ~1{l3B 2 , then at

G,a 2 5-10 Ge\‘2 the‘wave functions of the quarks must overiap, and these
values of Qa determine the range of validity of the considered model.

It is interesting to compare the contributton of (26) into pion form-
factor with that of the perturbative QCD asymptotic formula. They become
equal at G,z‘~40 geve (in the case of m = const at @~ 20 Gevz).
However this estimate should be regarded as a very rough one. dn the one
hand , the behaviour of formfactor (26) at large aa is sensitive both to
the. dependence of m(G.z) on G.a and to the behaviour of the vertex funct-
fon at X—=1{ , which is not fixed by the description of the static cha-
racteristics; besides, there is an additional uncertainty due to the account
of the Sudakov formfactor. On the other hand, this estimate is beyond the
range of validity of the model and 'ln. this region of a"' other interaction

-mechanisms connected with the overlapping of the constituent quark wave

13



functions may possibly be involved.

2) Formfactors of o -meson. The electromagnetic current of 9 -meson

has the form:

<Py A [l PA >=ef(p') e, (P)[=9,5 (P*+P!)pu Fy (@) +
| (28)
*(3pa 9o ~ Ipp G )[F1 (R Fe (63)]*9,.94 (P* P F3(Q%)/m%

i
where q,= p-p' , @ (P) is the polarization vector of the P -meson,
Fi(@Q%) s the electric formfactor. Formfactors F.(G%) and F3(G2)

are related to magnetic and quadrupole moments as follows (see, e.g. [13] ):
!J = 1 + Fa(O)

1 \

=g (F2(0) = 2F3(0) (29,

Remind, that when calculating in the RQM the matrix elements of the type
of < P,’A'Uy [ P,A> , it is necessary to use the “good" components of
electromagnetic current { J, or J; ) [5,6] . Besides, 1t 1s undesirable
to use the longitudinal polarization of vector mesons, since in this case
the polarization vectors depend on the meson mass and an uncertainty due to
mass defect in the quarks-meson vertex arises in calculations. Therefore in
calculating formfactor E,_P (Ga) one has, unfortunately, to apply the
transverse component of current ‘Ti » and in this case the vacuum fluctuat-
ions may be present, so the result for f-;? (Q%) should be regarded less

trustworthy. e have obtained the following expressions for the formfactors
Fa?).
N® dx, d’k kE+m?+gixl
F@%)= g L2 exp {- L . }x
(30)

185IA% ) X2 xZ (€ +m)(€xrm) 2A% X1 Xz

> 2 2 Al
(Ka:;*))[ax. X2(€,-€2)°~ -———XZ b ]}

2 QE x: 2
e B Tewmieatme (-

14



2
CI’.L Xz

2 2 Z‘_ 2+
F,(a%)= N S dxs dK, exp{- ATl 4 }x

TBITAT ) XE Xa (€M) (€amm) EATX: X
(€,4m) (€ +m) 2 2. x q,f 2 (K}, Til (31)
X {————-)—(1——— [KJ_HT! + G - %_ J
m (€t m) ( X4 Xz Gh 2(K 9 (&1~ €)K G, m .
X4 2 C}_L ¥ e X
Koo
+(k2- (—C‘%ﬁ-'“—)—) [2(xs -x)(e1-€,) + X297 ]}
L
F (Q) dxs d’k, XP{ K2+m?+qix2 /4 }x (32}
3 165'/\‘*3 Xt xg(e+m)(earm) 2AE X1 Xz

NOR LR L

+ m(erea)- (KJ.%) *Xg ¥ m(e,*rm)qyixf }

Here and hereafter €,-_ = \]Kf +m?  , where K =K, t o

v

— - X . )
Kog = Ky~ “’% s 2= {- 24 . The results are given in Fia.4.

It is interesting that R = FST with a good accuracy, and F, (G.a) coin-
cides up to Q% ~ 5 GeV2 with the VDM prediction. In the region

GLZ = 1-3 Gev2 our results are gqualitatively close to the predictions of
OSR [13] ; however quantitatively they exceed them 2-2.5 times. Our obtained

values of the magnetic and quadrupole moments

. _ 2»_5*_5_ (23)
H =2,3 5 D= mZp

are close to the predictions of (13] . The electromagnetic radit correspond-

ing to the formfactors FLP (Q"') are

2 -2 2 -2 e -2
T, 2 =11.26eV7% < > =6.96ev™", <)« 13.9 Gev
(34

15



In order to compare our results with the asymptotic formulae of the QCD
perturbation theory, it is convenient to use instead of formfactors F, , Fa

and F3 the helicity amplitudes in the Breit frame:

Fer(Q%) =< P A [T | RAL> /2E = Fy(GY)
(35),

e (8)= <P, AT, 1P, Ap> /26 = 3 - [R@)Re(@)]

Fu(@)=<PA|3, 1P A, >/2E = a(ae)-g%ra(azra-f(ﬁm )R (&)
where EE = m T and A_ denote transverse and 1ongitudina1
polarizations of 9 -meson In QCD perturbat'ion theory F,_,_ Qz [9] ’

e ™ 'éi' "y P Q4 [19] . As 1s seen from the Figure, our re-
sults are close gualitatively to the DSR predictions [13] and diffef strongly
from the asymptotic formulae of QCD.

3) Formfactors of A1 -meson. Electromagnetic current of .H,—mesons

has the form of (28). Having done calculations by analogy with the § -meson

case we obtain the following expressions for the formfactors

9ixg 6)

F,(Gl‘):—a"-l——gclx1 {(x.+xa) 2A% '""‘;(";a) qixe }?xp {_'n;;;;: }

2, %Xe (37)

2 X2dX: mz(X|‘Xa)af4/\2(Xo‘Xz)X,2X2"'QfXE } _m
F G')_ 8/\2 S { Xi X2 exp EAacha

NZ Mg QJ. Xe )
F,(6Y)= '%/Fﬁ“ Sxa dx, exp{ eAzx.xa } (38)




As one can see from Fig.6, in the region Qz= 0.5-3 Gevz our results
agree well with the DSR predictions [13] . The essential difference between
the f;-meson formfactors and the corresponding ones of the § -meson
should be mentioned. The formfactors F,H and F: fall off much more ra-
pidly with increasing qf than F,‘? and F,_? do; gn‘» falls off slower
exceeding F;R' and F;“m in the whole region as distinct from the ¢ -meson
case. The magnetic and quadrupole moments of Sy -meson are respectively
NP I ~ (39)

Mg, =1,7 . ﬁg,-‘5>1 mi'
Note, that DA, >>$J, accbrd'lng to the fact that A, -meson s a bounc
stafe with a nonzero angular orbital momentum g =1, | v

Emphasize the following fact._Even at smal) G.a the behaviour of form-
factors F,‘q‘ (G%) and F—f'(e.a) differs essentially from the VOM pre-
dictions: F,H' (G.z) falls off very rapidly with the growth of Ga ,and

Fa'q' (@%)  has a maximmat  @Q°~0.1 Gev’. Electromagnetic radii cor-
responding to Ffa(aa) are < ‘1—2,;‘ > =17 6w, < "L,e:a = -5 Gey2,
< T:3> = 11 Gev-2, whereas < Lipm> = 10 seV'?.

4. Formfactors of W=~y and ATy Transitions

The formfactors of the WGy and =Ty transitions are de- -
fined, respectively, in the fvonowl‘hg way’ .
(40)

<TP) Myl (P, 4)> =-Gm@)emp ey (P)PiPp
< P)13 18R A)>= 1, {[Ry g, BgJan(@)+
T "ML{.‘ [F49,-9°R 19, cr_a-(a_-*f)} e (P)

- (81)

17



where P =p+PpP'

Having calculated in a standard way we obtain for GGDST (Ga) the

following expression a,axa
Edng LR
. Na dXOdaKL Ki*(K_LqL)Z/qi‘fm -Ki*‘ma+ I
Goqr(®) = g g XZ Xz € +m OXP{” TeATxixe (42)
Gog (0)=2,25MB""
The width of the CO""STK decay has the form
_ Gag (0)d Ma-Mg ]3 (23)
EJST - 3 Mo

The account of anomalous magnetic moments of quarks [6] leads to an appro-
ximately 10% increase of the value of (e (0) . We obtain for the
w—gx width [q =826 kev ( L = 861:56 keV).  Gg(G2) be.
haves approximately as the pion formfactor

Ga)gr(a'a)/Ga)g]'(O) ~ FST (QZ) (44)

and in the region Qa ~ 1-3 GeVe s by about 30% lower than the predict-
ions of both VOM and DSR [14] .

In the case of H1"’ﬂ6’ transition, making use of the "good" compo-
nents of current (Ja, J3 ) one can derive only a combination of formfac-

tors

2
G G2 9.
Gy (8) = ™ ™ i, (45)

To define the second formfactor (we choose C-i-‘2 ) we have, unfortunately,
to use the transverse component of current J; : in this case the contri-
bution of vacuum fluctuations is possible, so the result depends on the di-

rection of the boost into IMF and, generally speaking, contains a non-
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physical pole at q:‘_= mz + m;
However in the calculaticns in the "symmetric" frame
(4€)

%\ %
P (P"'epip("hgpa ) P (p+ep7p(1 8;3)—?

the non-physical pole is absent and the result for G, (Q%) can be consi-
dered reasonable (although less reliable than GMT(G.Z) }. We have obtatned

the following expressions for the formfactors:

ini
mNN dx. 4 {47,
(@)= e | % (1-2x)exp { e } o
Gaq (0) =036 3B ,
G.(@%) _ mNNg rd B 1 e
. (@°) _ mNNg dx, IR
m3 8N Sx. e"P{ 2Aax.><a mZ - mg
G,(0)=2

In the region G_z~1~3 GeV2 our result (Fig.?) for Ga(G.z) agrees
with the DSR predictions [13] within 15%. For the formfactor (G, (and
also G_asr defined reliably in RQM) the predictions fn the both appro-
aches differ even qualitatively.

However one should keep in mind that as the authors mention [13], the
DSR predictions have a semi-qualitative character (with the accuracy up to
the factor of 1.5-2).

Note a mon-trivial dependence of the formfactors @, (Q%) and Gﬂg(Qz)
on Qe . The formfactor G,(Qe) has a pronounced minfmum at Q% ~

~ 0.5 GeVZ, grows with increasing Qz up to Q,2~4 GeV2 and at fur-
ther increase of Qa falls off very slowly. The formfactor GnST (G,a)

falls off rapidly as Qa increases and changes its sign at G.?'"O.S Gevz.
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The behaviour of these formfactors differs sharply from the VDM predictions
even at small Q° . The electromagnetic radii corresponding to these form-
factors are: ¢ 'L; > =16 6ev?, < “Lé.agh 31 gev™. Formfactor

G, (@%) falls off somewhat quicker, than that in the vector dominance
model, and 1n the region Qzé 2 Gev? agrees with the VDM prediction
within 203, <Ug,> =12 GV’ '
~ The width of the A, gy decay is expressed via Gpg (0) as

follows: .
T _ 3
4o 2 Ma = Ma (49)
g =3 Gag(0) [ 2M, ]

thus being defined on the “good” components of the current. Our obtained
width r,,,r = 319 keV is nearly four times as less as existing at present
experimental value (fag)oke = 1000-1500 kev [20] . Emphasize, that at
given m , Ag the value Gnsr(a)= 2 Gerl is close to-'lts possible
maximum (taking /\‘R1 #/\g we shall but diminish the width (agr ).
Note in this connection, that under the same asSumpt'Ions the width of the
B—69 K decay, which is measured -‘much more better, is in good agree-
mwent with the experiment *). Therefore it 1is natural to assume that the
measured value of .H1 "*STJ decay width 1s somewhat larger than needed.
Making use of the vector dominance modei one can, in principle, est1rﬁate
the f—=p9 decay width. Here also one obtains too low value of G;’yﬁ :
However, as was mentioned above, the validity of VDM at 'l'east for formfaétor
G.(@%) 1s somewhat doubtful, therefore such divergence should not bé.
taken too seriously. .

*) The authors are indebted to 1.G.Aznauryan for this remark.
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Results

In the relativistic quark model the structure of the pion wave function
is investigated and the predictions for the formfactors of I , 9 , H1 -
mesons and those of CO—~dTY and A1 —=9Y transitions in the region

0% G® < 8 6ev? are obtained.

It is shown that the axial projection of the pion low-energy wave funct-
ion is close to the asymptotic wave function ‘fﬂu(x) ", the tensor pro-
Jection is much wider, and the pseudoscalar one is much narrower than

G C(x)

The available data on plon formfactor are described well on the basis
of a simple quark diagram without gluon exchanges. The contribution of the
perturbative QCD in. the region Qa ~5 GeV2 does not exceed 30%. Qur re-
sults on the formfactors of 5T and S, -mesons and on the (3,(G%) form-
factor of the —=4TY  transition in the region Q@ - 1-3 gev? agree
well with the DSR predictions. The @ -meson formfactors are in rough
qualitative agreement with the DSR results and exceed them approximately
by a factor 6f two. The results for the formfactor of CD—"ST&' transt-
tion are in agreement in the both approaches within 30%.

In the framework of the model the meson formfactors depend essentially
on its quantum numbers. For the § -wave bound states the behaviour of the
_ formfactors is smooth and does not differ much from the VOM predictions.

The "scaling™ law
9 n2y o 27 A2\
R (Q%) = F7(G?) = Gug (aa)/ngy(O)
holds approximately. The FaP (Q%) formfactor falls off somewhat slower,

the F;(Qa) one - more rapidly as compared with F{P(Qa) . For the
P -wave bound states the dependence of the formfactors on a.a is non-
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: A
trivial and cannot be described by VDM even at small GQ° . Thus, F, (Eia)
has a maximum at Gia’v 0.1 Gevz, and its correspon@ing mean-square ra-
dlus 1s negative. The  Gy(@%) formfactor of the Ay==dT¥ transition
has a minimum at Qz = 0.5 Ge\l2 and grows with increasing Qa in the

2 2
region 0.5 £ G~ £ 4 GeV .

The authors are thankful to l.G.Aznauryan for the useful discussions.

PN L] #(9,A)

Fig.1
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Figure . Captions

Fig.l. The old-fashioned perturbation theory diagrams detefﬁining the
behaviour of formfactors of § |, [ Ay -mesons (a) and .
formfactors of the transitions @ (f,) —=~§Ty (b);

a diagram corresponding to constants j} . f;, , 'j;: (c).

The cross denotes vector (axial) current.

Fig.2. Normalized pion wave functions 2%.(x)/f. , I=RA,T
in RQM. The pseudoscalar projection (sol1d curve), the
axial projection (dash-dotted curve), the tensor nrojection
(dashed curve). The asymptotic wave function (dotted curve)

is given for compér'l,son.

Fig.3. The pion e'lectromagnefic formfactor in RQM. The dashed curve
corresponds to the vaf'[ab'le mass (27). For comparison are given
the QCD DSR results. [12] {dash-dotted ‘curve) and the contribution
of perturbative QCD (>£he Tower straight 1ine). .

Fig.4. The 9 -meson formfactor in RQM. The DSR results

(dashed curves) are given for comparison.

Fig.5. The helicity formfactors of ? -meson in RQM (solid curves)
and in DSR of QCD {dashed curves). The dash-dotted curve is
the perturbative QCD contribution corresponding to the wave

function ( YL ).

Fig.6. The .H, -meson formfactors in RQM (solid curves) and in
DSR (dashed curves).
Fig.7. The A,—™9TY transition formfactors in ROM (solid curves)
and in 3SR (dashed curves). V
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