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1. Introduction 

l'ion electromagnetic form factor F,- (t} , where t is 

a squared tr~~efer momentum, is measured now - directly or in

directly - in the region -10 Gev 2<i: < 10 Gev 211 I. More than 

150 experimental pointe are obtained in different experiments 

at different energiee/2/. Analysing the form factor behaviour, 

the following conclusions have been drawn: 

1) The resonance is determined by the p -meson; 

2) effects of the p- 6.J interference are perceptible 

in the resonance region; 

3) the form factor asymptotically approaches to zero 

with t-:!:oo. 

describe the pion form factor in the whole region of experi

mentally measured values of t . 
The Vector Dominance Model {VDM)/3/ describes ~{t) not 

well enough. There exist various modifications of VDM, in 

particular, in ref./4/, where the behaviour of the form factor 

near the resonance is defined. 

Except for VDM, all approaches to the explanation of the 

behaviour of F1f(t) can be divided into two parts: 

1) the dispersion-relation method; 

2) field-theoretical modele (chiral models, 6""-models 

with quarks, quantum chromodynamics, etc.). 

In the framework of the dispersion approach the form factor 

~(t} was studied in detail /5-101. The beet description of 
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Fr(t) in the region - 4 GeV 2 < t < 9 GeV 2 is given oy the model 

/1:3/ which pretends also 191 to predict the asymptotical beha

viour in the limit i-too. Although modale, using methods of 

dispersion relations, describe fj,(t) well oath in time-like 

(t >0) and space-like (t<D) regions, they essentially depend 

on ad hoc hypotheses, like the choice of suitable functions 

with a definite number of parameters. 

In the field-theoretical models there is a somewhat diffe

rent situation. In general, these models can be distinguished 

o.v the regions of t , where the form factor behaviour can be 

described by the given model. 

Let us list the models, which are able to describe ~{t} 

near the point t = 0 and can predict the value of the rms 

pion radius with a good fit to the experimental data. These 

are: the chiral model with hadrons/111, (I -model with quarks 

1121 , chiral model with quark loops/ 131, model/14/ based on the 

idea of glooal duality between quark loops and hadron reso-
/1 rc; I 

nances, woue.1.· -· tnat uses Iour-quarK LagrangJ.an. -rnese moae.1.s 

provide a good agreement of the rms mean square pion radius (~2) 
tr 

with that of VUM and with experimental data/l6-1b/ 

The region of the asymptotic behaviour of F,. (1:} as 

t-+:!:: 00 has been intensively studied in the frameworK of the 

quantum-field models in the last ten years/l9/. It was found 

that in the limit t-oo the power of the form factor dec

rease depends on the numoer of constituents of a hadron n.H 
i.e., on the number of" quarks, and is equal to (,(t}- tI-n, 1201. 

Such a simple formula, obtained oy the dimensional analysis 

methods, provides a good fit to the experimental data. 

The results, obtained in the framework of the so-called 

nonguuge theories,like that in/2l/ confirm that the form factor 

of pion as t- ± 00 behaves itself like !f,.(t)-1/t. 
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Quantum chromodynamics {QCD),that pretends to be a theory 

of strong interactions, also gives the asymptotical behaviour 

of F'K like fj,(t)"-'1/t. Besides, in the framework of QCD 

the methods were elaborated, that allow one to study the oeha

viour of the form factor in the intermediate regions at f < 0 . 
So, in ref/2 3/ the behaviour of fj,.(t} in the region - 5 GeV 2<t 
t< -1 GeV 2 and in ref/24/- in the region -3 GeV2<f<-0,5 GeV 2 

is obtained. 

The nonlocal quark model/25 / or the virton-quark model of 

hadronic interactions belongs to the theoretical-field models. 

This model/26 / pretends to supply a unified description of the 

hadronic interactions in the confinement region, i.e., in the 

low energy region (till 2 GeV). In this paper we compute the 

pion form factor in the framework of that model. It turned out 

that the virton-quark model describes the form factor in the 

region -5 GeV 2<t < 1 GeV 2• The rms pion mean square radius ob

taned here is proved to be ('Z:) = 0, 37 fm2• 

2. Pion Electromagnetic Form Factor 

The Lagrangian, describing electromagnetic and strong 

interactions of a system, consisting of chraged pions, p -meson, 

charged quarks, and photons, can be written as follows/ 26/: 

;t. (x) = L_ (x} + ;{. (x) + ol_ (x) + cl'_ (x} 
Here I H" 11f ~ Ul -sem 

( 1) 

ct;~,f") = 'i,[ r+ ( i fs r+~) + 1i-(tf t5 't-})] 
{2) 

:t (x) = ,;: f.o (it~'r/t-) 
f/1-f v2 r- 1 ' 

;tk'em(x) = -i.e (Jr+a,._1r-- o,._K•x-) A,_ 

£~eJ,xJ = e A,._ J;, 



eJf1 

where the quark electromagnetic current :J,.. in the regula-

rized form (see/26/) is: 

The following notes were introduced: 

~ = ( ~:) ; t:+: ( ~ ~) ; ~-= c :) i t:3 = (; ~) 

Taking into consideration the bound-state condition/261, the 

electromagnetic form factor is determined in our approach by 

the diagrams, shown in Pig. 1. 

(a.) 

Pig. 1. Diagrams, determing the pion form factor. 

F,r (t) "" Fa_(t) + F1 (t) (3) 

Here the contributions of diagrams (a) and (b) in Pig. 1 are 

denoted by F0..(t} and F1 (t) • 

Calculations give for Fa..(t): 

(4) 

where 
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Integration is carried out over the Euclidean space. It is 

convenient to take the momenta ft. and f_ in the form: 

(6) 

(7) 

Parameters of the model126' L and r equal 

-1 
L.. = 320 HeV ; 

(e) 

The contribution of diagram (b) in Fig. 1 after the standard 

calculations/26/ is written as 

F. c J t6 >..p V(t) -t W'(tJ. 
6 t = R.(o) m/-t-<.m_p~(tJ 

(9) 

Here the function V(t) describes tne block p~2!1 in the 

diagram (b) and equals: 

V[t) = \!.; (t) + Vz (t) + v; (t) ( 10) 



~ .P p 
Pig. 2. The p-meson 

own mass diagram. 

Pig. 3. Effective constant • 

Af (t) as a function of T • 

).p 

O,i 

qos 

0 

Vz (t) = 1.i JclK [(lq~)+(KP-)] B{IC2
) A((K+P+t)A {(K+P-t) 

~ ( t) = ;, frliC·IC'"{-1+ ~[(KP+>+(ICP-)]f 8 (e) B{{IC+P+)J B{{K:+P-t) 

Function W(t) describes the block p-.( and looks as 
~ 00 

W(t) = 12 [oL.(·t-.L)oioLf B(u-cL{f-J.)T)olu. 
0 0 

"Pt • .-. .... ; nn r_ (I-\ f1pal'~; hPD +hA f1AI't:II'U ----------- r··, --- -
"mass" Jt and is equal to 

0 .. -
(J .... IT 'IT ,.,; +h 

J .. 

~ 1~ 1 

~(t) = ~! ).~ >.,Ct)-Vt {1- 4'7} Vz.(t)· 8(1-
4
;") 

( 11 ) 

( 12) 

T 

:l 
Here A

1
= "if.r)i0,13 is an effective pion;quark coupling constant. 

The effective coupling constant ).p(t) = 1-.f !fr,)1 is calculated 

from the bound-a tate condi tion/26/ with the p -meson "mass" Vt 

1 - J..,. r. I (t) : 0 • (13) 

Here l (t) is a coefficient of !rv in the representation of the 

f-meson mass operator, defined by the diagram in Pig. 2 

Lrv(t) = '"'"I (t) + ~/" }v rf (t) I 

where 11" is a transfer momentum {t • ~~. It is convenient to 

carry out the calculation in the X -representation; we have: 
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) 

oO 

.L(t) = 1Z fotu u3 
{ I~(~J [l(u 2

)+ 1 u.z Bz(u
2J] + 

+ f ~,[u1.T·I.,(uff)-5u.ff.r-t(u.ff)+1ZI2 (uff)]B2(u'J~, <
14

) 

where 

e>O -52 

5(u1)= ~ js 2 ~·n(JS)e 
D 

J1, Jz are Bessel functions of the first kind; 10 , I 1, I 2 -

modified Bessel functions of the first kind. 

I ~(t) 
UHl-~t.O 

0.9 

0.8 

0,7 

0.6 

·0.09 ·O,OI ·O.Of ·0,06 ·0.05 ·0,0-1 ·0,03 ·0.02 ·0.01 0 t (GE'VZ) 

Fig. 4. Behaviour of the form factor at the small negative t 
The F,. {t)- dependence, computed in the present paper is 

given by the full line. The broken line denotes the 

contribution of F'o..(t). The measured values of F, (t) are 

indicated by the following symbols: • - Serpukhov 

experiment (1977)116/; £- Permilab experiment (1977) 

117/; y- Permilab experiment (1982)1181. 
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T 
r; 

The effective coupling constant Ap(t) as a function of 
2 

is shown in Fig. J, At the point t:: mf 1he decay width 

is equal to 

~~2 1r = ~ (m/) = 145 MeV, 

that is in a good agreement with the experimental value 

Formulae (4) and (9) obtained for F;._(t) and f&(t) e-ve us the 

representation of the form factor fj,.(t) both in space-like 

(t<O} and in time-like {t>O) regions. The computed results are 

shown in Figs.4-6. 

The behaviour of the form factor ~(t} at a small nega

tive t, i,e,,in the region, which is determined by the pion 

square radius is shown in Fig, 4. We have 

<7. 2> = (..,:t> + ("2> 03J .£ 2 
1r ~11' Cl "Jr 8 = ' r rm ' 

(15) 

where 
/ .,.2 ' ,_z.. - " ? 4 
' -~~ "a.. -,-. , ... I 

<~: )g = o, f6 fmz.. 

It is seen from Fig, 4, that our curve gives a good fit 

to experimental data/l 6- 1d/, The value of the rms radius, 

Fig, 5. Behaviour of the form factor at the negative t . 
The FH(t} -dependence computed in the present paper is 
given by the full line, The broken line denotes the 
contrioution of ~(t), Experimental values, obtained 
in ref,/27/ are indicated oy the dots. 

J;(t) 

~.0 

0,5 

-6 -5 ·i!. -1 0 t(Gev'J 

H 

obtained from the experimental data, depends on the processing. 

It is shown in ref,/ 18/ that this value fluctuates in the re-

gion 

0 r--' ,t ... t. 
' ., 7 r ,, 

The behaviour of the form factor ~(~) in the apace-like re

gion t < 0 is represented in Fig. 5. In this region the form 

factor decreases in a good agreement with experimental data 

till (-5+-6) GeV 2, In the region t < -6 GeV 2 our form factor 

becomes twice equal to zero, and then goes to the asymptotical 

behaviour 

F .. (t) = 
0
'
1 (1 + o(Lrz)) "' 

., (-T) 

o, 04{ lit-'12. 

(-t) 
( 16) 

Indeed, F,{t) decreasesast-.-oo like exp[-ftttj owing 

to the decrease of the strong block p-92.1r in the diagram (b) 

Fig. 1. Therefore the asymptotical behaviour is determined 

only by F,_(t). One can prove, that when t-+- oo , integrals (5) 

behave like 

S(t) = Jo~"kf -t 1 1 ~X t<z Y((k+P+)J- Y((K+P..f)_ ~ 
(-rl(Kf'+)+{ICP-)]j (. ) (K+P+)z- (K+P-)2. 

fss 2 joi«.J.3J:v/1-J) 1 f. ~ jxrslJY{sJ.."+2i$J.4iJ). 
• 0 -1 LJJ 1.{1-J."I. I 

:Jr2. 

J{-r) 

Using this formula for the functions Ri (t) in (5) and carrying 

out some numerical calculations, we obtain (16). The behaviour 

of the form factor /},. (t) in the time-like region t > 0 is 

shown in Fig. 6. In this region we have a good agreement with 

experimental data/28-JZ/ till t = (0,8 + 0,9) GeV2• In the re

gion t > 1 GeV2 the increase of our form factor begins, 

that is, we come into the strong coupling region in our model 
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100 

0 0,2. 0.4 0,6 0,8 1,0 1,2 

Fig. 6. Behaviour of the form factor at the positive t . The 
z l~(tlj-dependence computed in the present paper is 

given by the full line. The broken line denotes the 

contribution of F.._(t) • The touch-broken line repre

sents the / Fll'(t)/ 2 -dependence, obtained in the frame

work of VDM in ref,/4/. Experimental results are indi

cated by: • - Orsay { 1968-1976 / 28/; • - Prascati { 1973) 
/,.,.n I l"'lf\ I 
•~n; A- Novosibirsk l19b7J'~-·; V- Novositlirsk ll~f(OJ 

/31/; •- Novosibirsk {1978) /)2/, 

and have to take into consideration the whole perturbation 

expansion. 

The authors wish to thank S.B.Gerasimov, M.Dineykhan, 

S,Dubnicka, M,A,Ivanov, V.A.Meschcheryakov and A,V,Radyushkin 

for helpful discussions. 
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AY6HH4KOBa A.3., E~HHOB r.B., flo6aHOB ~.~. 
~pH~aKTOp OHOHa 8 BHpTOH-KBapKOBOH HOAeflH 

E2-82-373 

8b14HCfleH ~PHC!laKTOp OHOHa F "(t) B BHpTOH-KBapKOBOH HOAeflH aAPOHHbiX 
B3aHHOAeHCTBHH. nony4eHo cornacHe c 3KcnepHHeHTaflbHbiHH AaHHbiHH a o6nacTH 
-5 r3B 2<t < 1 r38 2. 8b14HCfleH cpeAHeKBaApaTH4HbiH paAHYC OHOHa <r;> =0,37fm 2. 

Pa6oTa BblnonHeHa ·a fla6opaTopHH TeopeTH4ecKOH ~H3HKH OH~H. 

llpenpHHT UO'beAHHeHHOrO HHCTHTyTa IIAePHbiX HCCfleAOBaHHH, A)'OHa l!;lilt. 

Dubni~kov~ A.Z., Efimov G.V.,· Lobanov Yu.Yu. 
Pion Form Factor in the Virton-Quark Hodel 

E2-82-373 

In the framework of the virton-quark model of the hadronic interactions 
the pion form factor F"(t) is studied. A good fit to experimental data in 
the region -5 GeV2<t < 1 GeV 2 is obtained. The rms radius of pion is calcu
lated: < r2> =0:37 fm2. 

" 

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