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1. Introduction 

The investigation of the hadron electromagnetic form rw:­

tors at large momentum transfer gives significant informaLi <Jll,. 

on the inner dynamics of hadrons and the structure of hndl'on I.•: 

wave functions~ 

The concept of hadron as a composite syRtem of a finite 

number of. quarks leads to quark counting rules [1 •2] which r;ive 

for the f~rm factors 

F ( Q2
)"' 1/ Qt{n.-1> (1) 

where tt. is the number of quarks in a hadron. In the pertur­

bati ve QCD the power law (1) corresponds. t~ one-gluon exchanter 

between the quarks composing a hadr~n (fig. 1). The data avai­

lable on nucleon and meson form factors.1;1.gree with the power 

behavior (1) which was treated as· an experimental confirmation 

of the one~gluon exchange model. In subs.$quent papers, within 

the fr~ework of the perturbative QCD e~ct theoretical pre­

dictions were obtained for the as;ymptoti·c ·behavior of form 

factors taking into a~count logarithmic·~o;t>rections to the po-
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wer law (1). !l!liese resuits proved to be in a deep discrepancy 

with the experimental data. ll'or instance, the experimental va­

. :iue. ot the pion form f'actor at Q"- 6(GeV/c.)2 exceeds the the­

' or~tical prediction 5-6 times (see e.g. (3]). !fhe neutron mag­

net:Lc f'o:rm f'actor is predicted positive at Qe -a- , and 

that of' proton should. be asymptotically suppressed as compared 

with the neutronic [4' 5] • It shoul~ be emphasized that the 

magnitudes of form f'actors at large °r a. essentially depend on 

. the hadronic wave functions. The above discrepancy with the 
e 

experiment takes place for the asymptotic at Q - 00 wave func-

tions which have been obtained in the perturbative QCD by' a.Ii. 

·evolution equation solution or operatol' product expansion ine-· 

th~(/. (see e.g. [3, 5, 6] ). Iri. a number of papers [3 '7] it was as-
. . Qe. 
awned that at available values of the wave function es-

. sentially differs froin the _asymptotic one,. and an attempt was 

made to construct a low-energy pion wave ~ction(7lto brinff 

theoretical values of the form fadtor to an agreement with the 

experiment. Difficulties associate~ with the one-gluon exchange 

model in the description of an_~trooiagnetic form factor 

stimulated a number of papers,· where the form factor behavior 

was investigated on the basis of a different physical picture. 

In ref. [s], within the framework of topological expansion and 

the colored tube model a good description of the proton mag­

netic form factor at Qa> 2+J(GeV/c)2 was obtained. In refs. 

(9,10,11) a good description of the pion form factor at 

o~s<rf< 5(GeV/c)2 was obtained using the QCD dispersion sum 

rules. 

In this paper the possibility of a combined description 
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of meson low-energy characteristics and pion electromagnetic 

form factor in the::r:'i:Ulge of small and intermediate values of 

. Qe. iii ·the re1ativist:ic quark model [12- 14] is invest:igat.~d.:_ 
L~ene~gy wave: ~~cU~ns. -0.f · ._lr · . and. ·._s>: .·;..mes~h$ wJ:i.iCh ~Ye. a 

g~od · d:esc;iption :~f .-J:rf . ·clf..;fa~ de~a;. 6on$tant >, fl ( J>;~ .lf 
·1.rimsitton ~-on~t~t), Jc.JJ' (: <:J-:rrlrd.~cay ~plitude) an~ ff.; 

. . . . . . . " . . 

(pion. m~an;..squai'e . raai;is), are .·constr.Ucte.<l . phehomenologic8.l.ly. 

It. is ~own that in·. su~h a m~del the ~ata: (1.~~lable on f;ir ( Q~ 
. ~Y be described badng on a .sil!iplest quark di~am with~~'!: . . . . . . . . . . .. 

glU:on ex~hangeS Ctig. 2}. The con't;t'.ibu:tio:ri of a o;ii•-gluon ex­
chaiige .d:iagram in such amod~l camiot exc~ed.30%. 

2. Low.:.ED.eX:gy cliarl!Cter1tit1cs ·. of Me:son.s 
.. 

· Let. us now tUrn. to the consideration· o.f'. the static cha-.· .... ·.·... a 
-racteristics of mesons. The quanti.d.~s· J~,:ff, *"'~arid< Rr.> 
weretirat calculated in the frame~ork of i:i..r~'...ativiatic quark . . . 

model in the light tront. dynamics .in refs .•. [12, 14} ~ 

·. Later we will use the formulation of' :relativistic quark 

model in the infinite momentum ~e .(IMF) whici. is ba.sed ('"!. 

the·colisideration of time•ordered.ciiag;Cmn~ of the old fa.Slµ.on 

·f!d l:>ertlirbation theory. Such a forJnUlation. of the model is 

p:l"es:ent~d in. detSll in ref. [15] ,_.whet>~. l1;l particular, i~ gi­

: V:en a genkirai· meth~d o.t coiu .. trU.ct:ing ve~tex functions of :_a. 

hadrori-qua.rk transition. corresporiding to. SU(6)JC O(J) classifi­

c~tion of hadronic stat~s. ~e ver-Eex ':fiin~tio~s for JT andf(c..>) 

mesons which are of' interest f'or. us, hav~ the folloWing foJ 5] 
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. . . Jr .. "cS· .• 1. . : . . ..:...~ .· . : " . [ = · L <J._Tat(P:,,fL_). tl; -(P.)(o . :'-) ·(· ·" _ j . _. 
s,se ,;f6' eM!(Mo+e.m) . "'- 1 r;. +M, l{s ~f._+M.o )1JJ (-~) (2J 

_: ~r ·s= ;:~~~{~~·~\fJ.~l~)(Pt;tM~J~J'(4>.•M.Ju)(~Pa)t;(P..). · 
. I a> . 6 . _- 0 

. .~. :m . . . . - (3) . 

·. ·.wuer.e P; _· aii.d ·& .,· :~e- _the momenta oi U and cl quarks;P..;.~~~~rit 
· · · · ·· · · · ··· ·· -· - a · a· 

is the mass:,;,t -1L • ·and-· d qua.rkS; H~ = P. is the invariant. 
' . . :· ... .- . . . . . . 5 . 

masfij O;f -i;~e SzrS~~ln: Of . q~B;f,'kB oomposi~ ~ meson; f .JI ( P.) is the 

j> ,-meson .. .Poiarl:Zatil.(>~- v~_ctor; t, j are c()lor _indices. Radial . 

· I>~ts oi .the·i,e;t>tex:f~ction~ o/lf(P, 1 P.) and tjl_,(P0 Pa_) des"-· 

. cribe the m(lm~ti.tm; distribution of quarks _in 11).esons. 

Vert~x functions (2)-(J), written in the rest frame 

Pc,= 0 yia l'e.ul;i. spino:rs, have a ste.nda.rd SU(6) structure• 

Let •_s in~od~~e: Fey.timiµi parametrization in t_he ilifinite 

· momenti.tm f;t'.mne· . P. ~ c6 : . . . . 

... .... . ;... .·2··.... . . 2 (4) 

P, "'x· P. _+'tF ; E Ki.i = o ; L ·x· -=- 1 
I. ~ 0 _ · ~4_ ~·1 :· i.•1 I. . 

The parameter. ,x~:, may be.related to quark momenta in• the 
·· .. ~· .. 

i:est f;rame · Po = O· · Ki. = ( Wi. , Kt) 

Ca>t + (t<;.)I j 
:X. t • a·c...>;, 

(5) . 
(Ji.• JK~ +ma 

-Vertex functions (2-3) in the frame . PD - 0o have a stan-

do.rd SU(6) struoture i.f expressed via two-component spinors:_ 

. ( 6) 

W5 = ~ · W5 • 1ls's (Kt) 
where the Il\6.tr£x 
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U(-) ... m+c.>t+(Ki,)~ + ~E.mn. 61n_ K~-K• - . 
L · J i(~.1. t (m "" W~ +(Ki,} i, ) ~ . . 

coincide~ with the Jklosh :catrix[16]. 

(7) 

Conaideriilg corresponding q-q.ark di~gra.iris o~ old fashioned . 

perturbation theoij>' in IMF· (fig •. 2) -and lna.ki:rig use of the ver~ . 

tex functions (2,J), .one may easily ob.ta.in thi;i following exp.,; 

ressions for the quantities l:ir, ff• ~c.>_:ir a,nd for the contri­

·bution of the f'ig. 2 diagram to the pion electromagnetic. form 

factor denoted by Fl~ l 'a) : 

fJf=6J
1

lf3f(x)d:x: CB) 
0 

1.P"' rc J 1

lfp(oc:)~:c. (9) 

1 " 

.f: Jlizd. J { 2mc..> K:w l Wdtc1d~cP, ( e x)<Pc f.!cz x\(10) 
c1w:ir"" ~ o K;-t "'z + (r.>•m)(Kf+nl)j 2.I 1- ,.., . :ir lei, "' :i., 'J 

1 -FJrt e)- _1 r d~ s _. .. e e 
0 q. - G'urt. J .:1:11(1- :ii:.)& q K .&. ("' ~ K .i. 

0 

a a. 
(i-!11:)...iL_). 

0. 

(11) 

<P;[(I~ ... -- (i-:)~.i.)'\:x:] cp;ir((K.L+ Ci-~)<hr. x) 

Note that when calculating the diagrams of figs. 2a and 2b 

one should use IMF where C\-o"''\.~,..., CJ,:/lfP • In (10-11) r.)sJ1<'+m~ 
vertex functions cp( K! ,x) = 4'{P1 fiV • differ from corresponding 

· 1 fM-M:' 
functions o:t ref. [14) by a f's.Ct.or -J-lur<.J • The normalizati:>n 

condition of vertex functions ""(K ~) may be obtained fromr31(P)1 
' ~ .L . ~>· 
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. @fx~~x~}aK~{~··~!ll~t•:, '")i.>f. ··. •. ·• ·.·. 
·~uon• "P.r;'.cxr_ .. ana·'.lf_9:(:ic)· . . :~~ ·c~t~.d, wt:th tli$.. v:ert.ex'· 

... cfa>. · .. 

;1:: ~~!{~;~:Z"'f K~-~~f,; x).4i;.t< . : : (ill •.. ·· .• 

·5~t~J> t&~~•':i1-..,Tlj>_,(K:;.:)(i• ~:I )die~ ·.•.. J14l> 
(:.'.':·.:::;·::.. .; .. : : .. · . )> ·., .. · .:':< . . ........ · <· .. · .·: :··. 
1h.• .:~~th o:t.: .c.J _.Jr' ·f .decq :L!i! connected \d:t;~ '*e l;unpU tud~: : · 
·.',~~~: as 'toil~~: . : .... . . .. . . . . : . . 

.... 

1•. . . ••. . :-~ . 3 .:. 
. . tfcJZ •[· rnw ".' "-'!]·::·. ··.:· ... . r. . .... --· . .. ·.· ,._._ ·1' . . . . a. . . ..· ...... . · .. ~ .. ~ .'. · 2.:n ·: · ·. rrt w· · . · •· 

. . 
.··. .. 

.. . . 

·~~ ·, i:es~~· ( 10-~ 1) . are obtained. wit~~(·c·~~~~ci~~t~on . of .. . 
· .. ·. 

B.noma:iowi ~etic J11oinents ca~J!4m ... f:.of' ·q,~ka~.:rn: tact'; ··a$,·i~:, 
. ·~~~.f.rom ib~·. detail~~:e.ilal.7siB:::~t .~he ~~~~n ;tow~~~erst cha­

:ra~t.~~stio,s ~7]' constituent q~· ~o ··~~ss•s ~.m.~• . . 
. . . . . . a.ti. . . . .... ~ ' . . ··. . 

·d[ ..• ·'Cit Q.I. .... 'X ... 
. ' I. 

:,r}lere· 
4t • 0.071 t 0.04 

. ,. 

.it -0.035 ± 0.015 

Int:toodiicing a.m.m. not proportional· to the · quark charge 

·c1s> 

(16) 

(17) 

.,,.., 
.•. ')fl. ,ii.1:-0.035, one may describe the 'ratio Of· decay wid.ths 

.r(ti>•Jrl)/q9-x~f171, therefore, in ~later nllll18rical a.n8J.ys~s 
we -,.ilJ.r .not co!lSider the quantity fp - Jr 0 as well as th_ 
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---- - --~·-~~----------

c:O?ist~t Jw · connected with · j .P · ·by the SU(J)•sy.rnm~try 

r~lation Jp =. 3 ~w . · • Taking into account the quark a.m.rl • 

· :ii = :o·.071 lea;ds to an approximately t05~ increase. of the values 

< R!> and awJl' . . 
Formula~. (10-11) are equivalent to the. corresponding re­

su;i.ts 9f ref.: [14] and formulae (8-9) differ from them by a 

factor of {3 ; This is due to the fact that in [14] uncolored 

quarks were considered .• 

When carrying out the numerical analysis we u.. :.'C'· that 

at least in the characteristic range of variables variation 

the vertex functions tj:> (K{ 1 :t:) may be considered us func­

tions of one variable [1~} M;, - invariant mass of a system 

of quarks composing meson, and for the quantities ¢CK'.1."\ X) = 

= cp ( M;) we have assumed an exponential form 

cp(M!) = 2~~ e- M;/4 /\ e 
(18) 

where N is the normalizution para.meter. We assumed thut¢4t<P.f 
We analyse the experimental data in the following way • 

Fixing the quark muss m we find the corresponding values 

of /\Jr and A.f' by the linear least , ::iquares fit. Vie have 

obtained a good description of the experimental data in a wide 

range of parameter values. Theoretical predictions are pre-

sented in the Table taking into account a.m.m. of quarks. 

J!'irst and third columns correspond to the boundary values of 

rn beginning from which the experimental data clescription 

becomes unsatisfactory. J,a is seen fro:a the Table, quarks in 

mesons should be relativistic ( Ka/rne = 2+3) and thr vuluea oi 

quark masc is consistent with the value m =o.275±c1 .02C _,ev 

9 
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obtained fror.i the nucleon data analysis. It is interesting 

that the experimental data ullow a good description at 

¢y(M!) = cpJT ( M!) =-crw(M~), i.e., the SU(6)-syr.imetry relations 

~re fulfilled for the vertex functions. 

lfote that in ref. [14} the consistent description of the 

;;1c:ion lov1-energy panuneters was not obtaineu due to the omit­

ted L1 (O-'.J) color Ju.ctoi· [3}. 

J. i':i on iUectl'Ol.l:....,;netic Form :!!'actor 

Ilte pl.0;1 olectromagne ~ic fon1 factor in the runge of not 

v·3ry l:oi.r·ce ::tm.ie.1"clli:1 trunf.lfer Q <?. ohould be determi~ed by the 

,;w.: c·:::· ::::.e,. 1 :. ;,ud ~.'it;. 2a (tj_ui;r<J.!JlO <~ontribution. The con tri­

VL1 L-i0n of thr: u.iuplect rli2.Grtu1: v1·ithout L)uon excllw1t;es (fit,;.2 

io p~·c;JCntecl in the previot:o section (2). Lc·c 1
fl nor: turn l 

onc-{~luon e;.:charl3e diagrcwaa. Co.nG.Ldering energy denominat oru 

of : 11e olJ :~·uuhionec.i perturbi~·r,ion theory ill b.rJ.Y irar;Le 1·;hcre 

inl tiul u11u finul ;,1euons move with lt•rge momenta, one mi:.y 

show Llw.t diugrums of the type shown in figs. 1b,c, violating 

the spa.ce-ti1ile picture corresponding to the nonrelativistic 

quantum mechanics, are suppressed at leu.ot as 1/ Q a , compared 

with bu:.i:Lc dlui;ruruo of the type of fig. 1u. The calculations 

cun be mo::rL eu:Jily carried out j,11 the Broi t frwac. Turnini:~ 

in tl10 cllai_;rtuau uf t,lw type 01' .1.' l.c. 1 a, v1hcre the vc1·tex func-

tlonc; (2) nrc t.t:JP.tl, Lo Lv10-cornpu110nt .;pjnorn 'Uld m11.}~inc; c:se 

oI the ;.lcloai1 mnLrl.ces (7), we· obt,,dn 

FJT(Q')=32.JTQ._Jd..S~a) (lfJT(i<)dx (1 lf::rr_.~~)-~';l 
(1) 9Q" j 2.x.(1-:c) j 2.LJ(.'f-·U• 

() 0 q .f ) 

( 19) 

10 

whe~e functions If Jr ( x) are defined according to ( 1J);J.~ .. 1,i"'1e. 

is the quark-gluon coupling.constant. Eq. (19) is e.qu:i.v~l~mt 

to corresponding ones of refs. (.3;5161. ~he following circum­

stance should be mentioned. When calcUlationg .the pion f·orm 

factor ( 19) the two-quark system f~rm ·factor . (the result of 

calcUlating the fig. 1 a type dia~ams with free i.nitia.1 and 

final quark lines) is convoluted With the ~:f'fective wave func..; 

tion. 
00 . . . . . . . ·. 

~; = 16rcIJ-;f1~ x) J tl~ct' (K)1I~p'fK)cpJT(K: 1x)lf4·~1<}tf~)~:~(2o)· 
., 

where lf.i.,.,=~(-i.6a)o1.f!> is the SU(6) pion wave function, Thus, 

wave functions having a standard SU{6)-spin structure a.re ef­

fective in one-gluon exchange duagro.ms. This i13.dµ.e to the. 

fact that the two-quark system form facto~ in·. the main "jQa 
asymptotics is independent of transverse momenta of initial 

and fin0.l quarks, and i,ntegrals ovei· k'.L and 
I 

K' .L are facto-

rized. A.s a re13Ul t in the Melosh mu.trices (7) the linear in 

K.l terms, which could violate the standard spin s:truct.ure. ·of. 

the pion vm.ve function, give no contributions, 

It is natural. to identify the function tpJI (:i::) with. the 

pion low-energy wave. function in t.he evolu:'ti~n equutio~ (5] 
and thus estimate the pion ef'fective wave fUJ:lctio11!f(x 1 Qa) 

at arbitrary Q2 
• However, in our case there· is no need in 

it, since at our values of the parameters rn and /\ 
2 

the 

function lf!JT( :x:) (1J) slightly differs from the asymptotic 

wave function LP(x.):::: 3.[2:' J:rr::x:. (1-:x) [::':>] 

(see fig. J). This means that logarithmic correc-tions are 

11 



small and the use of the effective wave function instead of 

the asymptotic one increases the value of Fc1) ( Qe) but 

slightly. 

The contribution of the one-gluon exchange diagram for 

the case Ill =0.24 GeV /\~ .0.442 GeV is presented ir- fig. 4 

(the lower curve). At such values of parameters the wave func­

tion beho.ves in the characteristic range of the varifl,bles ap­

proximately as ~ x ( 1- :x: ) ' • As is seen from the figure, by 

1neans of one-gluon exchange diagram one may describe at best 

30~~ of the experimental values of form factor. It should be 

also noted that the situation isn't improved' by the use of 

exotic wu.ve functions having zeros or dip.a at x. -v o. 5 [
7
]. 

For example, one can obtain a satisfactory descri~tion of me­

son static characteristics (finding corresponding values of 

rr. awl /\ ) with the wave function 

?. 12.0 JTa } JI' 

¢(K.l.,x.) = m .[S' /\e 

a a 
(x.(1-x)(C.:x:-1)Jee_K.1./4A 

the lntcgral of which, according to (13), gives a wave func­

tlon proposed in ref. [7} 'f(x.)c 15"2 x.(1-x) (2:x:-1)a aJI' 
lmt for such a function the contribution of fig. 2a diagram 

to the pion form factor essentially exceeds its ~x:perimental 

value u.t , Qe > 1(GeV/c)2 (the upper curve in fig. 4). 

Consider now t~e cont~:l.but'ion I pf the simplest '1uark dia­

,;ruJ1l in the pion electromagnetic form factor (fii:;. 2u). :le·· 

::ml ts for the values of the paran1eter~ r1l = 0.24 GeV, 

A'JT' =0°442GeV and ht =0.28GeV ,f\ =0.39GeV are presented in :l'i[.4• 

As ls '"'en l'rom fig. 4, the formula ~ 11 ·1 C:escr:Lbcs well all 
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~ If 
/· 
I 
I 

experimental po:l,nts at 0 ~ Q2 
;S 6(GeV/c)

2
• It is interest­

ing that the results in this range weakly depend on the type 

of the pion wave function (18), and the F0 (Qa) beh.L..ves ap-

mz./ ~ i. proximately as o Q + m 0 , where the parameter m. 0 

a 
slowly varies from m. 0 = Q,74 GeV at Q • 0 to m.0 =0.61 

GeV at Q2 
• 5(GeV/c)2 , (For the case tn = 0.24 GeV, 

A~= 0.442 GeV). The existence of the range of intermediate 
a values of Q , where the power behavior independent of the 

type of the'vertex function is approximately reproduced, have 

been first indicated in ref. [12] • Let's explain this fact in 

more detail. The formula (11) ina.y be presented in the form 

1 2 l' &· 

F..11' f, a}- m'° aJeJC (- ma ] [- 'h , ... x) ) 
lo}\'t -8A'-N o . p 2.Aa~{1-:x:) exp 81\a:X:(hx:) • (21) 

• r1 - "'~ {~- :x.)2 + 2/1.a x l1-x.)] d:x: 
L lfm& ma ~(1-:x:) 

In the range 0.1 ~ :X:: :E:. 0.9 the function expr: 2m' ) [ 2.t\ :x:.(1-x) 
behaves approximately as :x:.. ( 1-X), thei•efore, at a~ ... Bi\ & r .. -
the main contribution in the integral comes fro •. 1 ''1e rango 

(1-x.) ~ 8"/<t: and in this range we have an api.roxic1att.. 

power behavior of f
0
lf,..., ~ • At the further increase o_ i: the main contributio~J. comes from the range (1-:x:)"' 1 /o,J. 

and the power behavior transforms gradually tc, the expo. entib.' 

behavior of the type e - A94 and at 9: "J -::J (GeV '
2 

th· .l. . 

cont!:ibutions of the diagrams of fig. 1a .:.nd fig. 2a becom1;; 

equ&L. Howev<!r one snould keep in mind that in t•le i·ru1ge of 

9-", ?"• (3+'.J'(GeV)G the cont:i:.:...J •.tion ,,; the cl agra..1 1.1" fig. :?a. 

.. Jr:es to de~ end o:'1 th<; form of iit ~ V·. J:to~;, fuw. tion whoE>c l•c.-

1) 

... 



hav;Lor near X. - 1 is -not dete:rmined by the meson static cha•, 
" " 

racteristic. Belo·w we present some remarks on a possible modi-

fication of the vertex functions at 0::::.-+- 1~ 

~. Static char.acteristics and behavior of the form factor 

at °ra < 3 + 5 (GeV/c) 2 are not very sensitive to. the form of 

the meson wave ~unction, therefore, in this range the use of 

the exponential formula ( 18) (for simplicity) appeared possi­

ble. In the range ::C - 1 there :is no basis to expect an e:x:-. 

ponential fall off the wave function, since the ef.i'ective po-

·. tential should be Coulombian at small distances. 

Hence at-:X:.- 1 the wave function should be broader. A 

simple analysis shows that one always may so modify the wave 

function as to improve the description of the electromagnetic 

form factor at O,e ~ 5 (t-eV/c)2 without violating the descrip­

tion of the static characteristics. For example, replacing 
. a . . . 

exp[- Lj/\:'~(i-x)]- ~x.(1-x) in the formula (18) with an 'fP~ 
· propriate coefficient, we o~~~'in the power behavior .v YCJ-,2 

\of 

the form fac.tor (21) at °ra_ c:Sc. (the dashed-dot curve in 

fig. 4). 

One 

dia~ams 

ut large 

should however remember that the contribution of the 

without gluon exchanges (fig. 2) mt,i.~\ 1 be suppressed 
f5] ! I. '}e by a Sudakov form factor I.: • In this case of 

modified :vertex function the contribution of the diagram of 

fig. 2 vanishes aaymptotically only due to Sudakov suppression 

1utd becomes equal to the contribution of the one-gluon ex­

chungc diu{Jrwns ·at aaymptotic values of ~2 rJ 103(GeV) 2 •. 

2. The mass of constituent quark m is an effective 

JH•1·1unotor which ohould depend on characteristic distances bet-

14 
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ween quarks. At small distances this quantity should decreo.LJc 

(see e.e;. [18] ) , i.e., the effective value of IT1 ::::hould dee-
. ~ 

rease with the increase of 9'.1. • As is seen from the formulu 

(21), thio effect leans also 
m' 

butionexprl_ a )] 

to the broadening of the dlstr:L-
2 

near '/.. - 1 at lrcr(~e Q , and 
2.A x.(1-:x:: 

therefore, the ru.nee \!here F0( Q2
) behaves up proximately us 

in this case is also broadened. So keeping in mind the tlbove 

a ' 2 facts, one can conclude thr>.t the value of Q ::::Q0 = 20 (GeV) , 

when the contributions of diai::;rruns of fig. 1 a u.nd fig. 2a be-

came equal, shoulC! be considered as u minimum estimate. At 
~ 2 Q > Q

0 
the one-gluon exchange mechanism should dominate. HoVJ-

ever at less valuel:l of Q
2 

another physical mechanlrnn connect­

ed with the overlappint; of constituent quark wu.ve functiona 

possibly uecm.ie :i.nvolved. Let us mrnwnc for est·imu.tion the l'ol-· 

lowine; valucc of corwLiLnont. quur·Jc:_; J.1e~u·-cquure rudiu:i: 

,, 2 ' - '(' 1 \ (" ' ,- 17" "·. '•) ( 1 • ·, l" \ (" r·. H' ... ? f1 '.) l It .; n < c. , 't . ~ , . + (] • ) , I " " , '· . I • ' ' . "' ' I . .l • .~ ·' 

interesting thut the sm1•.ll value ot' cpwdw n.m.m. de ::. 0.07 

indicates a mud1 rnnallei· vuluc of<C.?. ~ ~ 0.1(GeV5-
2

• 'fhus at 

(5 + 10)(GeV) 2 the quark clouds forming u. constituent quark 

should overlu.p and this value of Q 
2 should determine the 

range of validity of our model. At a further increase of 

one should appurently expect a gradual transition to the 

quark-parton picture based on the color tube model [
81. If it 

is really the case the range of vu.lid.i ty of perturbuU ve QCD 

asymptotic formulae will be nchieved at very :art;e va.L ues of 

d2 
"" 10'3 ( GeV) 2 [ 5] , .., 

1.rhui:i the e:cin tint; e:qierii<rn11t '.tl du La on Q "- at ~ c:ev"' 

o.re in the ran~;o of val i.d i. ty oi_' tho l.J1coJ.·;:r .. Ln .. 1L ;J ·-·f·.J1L'e th 1
: 

~ : ! 



Sudakov suppression, a,pparently, .doesn't ex~eed 30% and 'is 
approximately compensated by the contribution of one"".gluon 

exchange diagramsi •. So the contribution o.f · the· diagram of fig •. 

2a approximately corresponds to.the form factor true behavior; 

It shoUld l)e also no.ted that the physicai picture under~ 

lying our discussion,. apparently' corresponds :to the meoh(mism 

considered in refs. [9, 10, 11] • 

4. Electromagnetic form factor of f~mesons 

The electromagnetic current of f- mesons has t.he follow­

ing form 

< P,
1 

-x p;. IP,">.>= - eo1.(P')f.1. (P )( f+ P')JU f. + [e ( p')c1] [e(p }q] · 

. (P~ p')JU F~ + [eJU( P) e(p)· ~ - ep ( P) e.(-P'J. q, J F~ (22) 

Consider the contribution of one-gluon exchange diagrams of 

the type of fig. 1a. Since the two-quark system form factor 

in the leading in YQ2 asymptotic~ is suppressed in the case 

of parallel helicities of quarks composing a meson, it is 

reasonable to consider only the combinations of the form fac­

tors corresponding to the zero helicities of initial and fi­

nal .P mesons. 

Let us define the helicity runplitude in the Breit frame 

(JU =·O) 

G.!'=< p; O!Joi P,o>'"' F, (fl
2

) ( 1 + ~~~ )-F2 (q~);; +f?.(9:)9~ (1+ ~~;) 
Gf(o)=1 

(23) 

Cu"Tyini:.; out culculations similur to the JT -meson case we 

obLuin 

Gf =- 32..JTJ.,..(Q
2

) [J'4Jy(>ddx le. 
(t) 9 Q 2 2 x ( 1- x) J 

0 
(24) 

1(; 

.... 

. :ii~i.· :i~~: .. c~4l·. d:1tt•r~ ~oia th.••.:re~l#~a: o.( t?1 :Lii its sign. 
::'91e.: ~ffe:r:ence.·Ui Signs·;of Jr . .- aD4 · j> ·~•o~. -torra'-tactors 

. ·.lt .... · ... · ~· . . . . .· .. ' ' .... ' . 
~1{ ··.:;~ . G(1) . ·is .:or &.f!impl.e Da:tlire~ ;It:.:~•rd~ to the fac· 

that .. j,jl ~be .oiie:..g1:U.oii ·-~ di~ ·tbe·· prole~t:t.ons of in: 

.t~~::··~·f~ q~k.spi~ ~-o~~o~ite~.and·c~n~o~~ting the 

f~E¥~2~~t:~~~:, 
It is also utere;rting · t~ ·. eo~iruj~ /t_ii.; ~~~~~i: qUrk 

:::,i:::~:t~~t.tl:~~r~· 
and ~~~~e·.the resW:~s:with the ~·~~us ;~lluit~:.·~:t.':.r~t. 10 

obtained in the framework of QCD dispersiqn sum rule11. These 

:calcUlati~na ate. n0w ~- t~.:end ~4:·-~i1·:~~ -~bii~e~·:i.n a 
.,;u~-~~nt· ~~~r• . . . . . . . . · .... ·. . : : . : . . . 

. .· ·. . . 
. ' In conclusion let '118 once. more. note .tha:t. ·the ~·~n 'l!ita-

· .. ·~ic .:~a~teristics and. available ~~:a.(2o] ~n."th$ '_.:Jf. -~~s~n 
form tactor ma.1 .be consistently described·. in the treiiiework of 

a· '.l"elativist;!:c q'"8.rk model on the basis .of: ·a s~ple quark: 

diagram. o~ . fig• 2a. The .coiitribution. oi the. one-gluon •o_ha­

nLsm in.the pion form fa~tor doesn't exceed jQ%and i~~t de• 

termining in the eJi:perimentally obsei'vable power 111,W (1). 

We woul.d like to thank I.G.A~, A.13.Ke,i~ov, 

S.G.Jlatinyan and S.Petkov for dis~lissions. 
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Table 1. Results of the description of Dieson low-energy 

parameters in relativistic quark model. The presented experi• 
e . . 

mental. vaJ.ue of <R> i~ a result of averaging the available 

data. 

rn = 0.20 Ge'il m =0.26GeV m =0.)6GeV · 

experiment /\:Jr .. o. 540~ev J\ll" zO. 415GeV A-.=0.357GeV 

r\p =0.420GeV A.r=0.415GeV l\r•0.415Gev 

i.:ir (GeV) 9.3 10-2 8.93 10-2 9.27 10-2 9.29 10-2 

~'p(GeV)2 1.19 10-1 3.19 10-1 1.18 10-1 h1J 10-1 

Aw ... <Gev-1. ·+ o.7a5-o.025 0.690 0.757 . 0.672 

<Re"> CGev-2 14.4!5.4 11.0 12.4 11.4 . 
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Figure Captions 

Fig. 1 Diagrams of old fashioned perturbation theory deteril'.in­

ing the asymptotics of the meson electromagnetic form 

factors. 

?ig. 2 a) Diagram determining the behavior of e1ectromac;netic 

form factor at moderate Q2• 

b) Diagram corresponding toc.>(f J-JTa" decay. 

c) Diagram corresponding to constants ~JT and ~.f ._ 

The cross denotes the axial (vector) current. 

Fig. 3 Meson wave functions (1J) for the two values of pa~e.r.ie­

ters: m = 0.28 GeV, /\ . • 0.39 GeV and m = 0.24 Gev, 

A = 0. 442 Ge V. For comparison the asymptotical •mvc 

function (dashed-dot curve) and the wave function of the 

type lf(x) =. 4JJI' ~2X(1-:x) (dashed curve) a.re presentecl. 
Jr 

Pig. 4 Pion electromagnetic form factor in a relativistic 

quark modol. Tho lower straight line corresponds to the 

one-cluon exohango contribution. The upper curve corres­

pond• bo the w•v• lunation of ret.[7] • Curvesm =0.24 

OeV and IT\ •O.llO aev oorre11pond to the contribution of 

the u,. I• tliAUJ'IUll ror t.h• v'1luoo A .0.442 GeV und 

/\ •0,)9 aev, re•peoL lvely.'.L'he uuollo?-do·~ cui:·ve cor­

rHpond• •o •h• modtrled w.\V. r1mution. Reoults of ref. 

[9] (dM•hed IW'V•) ..... 111·e .. 11Led fOJ' COIRpW'luon. 
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