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1. Introduction

Pion electromagnetic form factor /;r(f) , wWhere f is
a squared transfer momentum,is measured now - directly or in-
directly ~ in the region -10 GeV2<f< 10 GeV2/1/. More than
150 experimental points are obtained in different experiments
at different energiea/z/. Analysing the form factor behaviour,
the following conclusions have been drawn:

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

2) effects of the JD'M interference are perceptible

in the resonance region;
3) the form factor asymptotically approaches to zero
with t—=>too,
VLil UW LU LVUGULGLiGBl WUGELl CALD LB, wWhal WOulu UE aulic wo
describe the pion form factor in the whole region of experi-
mentally measured values of t.

The Vector Dominance Model (VDM)/B/ describes G(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 F,r(f) can be divided into two parts:

1) the dispersion-relation method;

2) field-theoretical models (chiral models, 6 -~models

with quarks, quantum chromodynamics, etc.).
In the framework of the dispersion approach the form factor

6(“) was studied in detail /5-10/. The best description of



.

E}(f) in the region - 4 GeV2<”f< 9 GeV2 is given by the model
/8/ /9/

which pretends also to predict the asymptotical beha-
viour in the limit T-=%°° , Although modals, using methods of
dispersion relations, descrive 6;(f) well poth in time-~-like
(t >CV and space-like (t‘Q) regions, tney essentially depend
on ad noc nypotheses, 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
oy 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 é;(ﬁ)

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

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

/11/
/13/

6" -model with quarks
1/14/

are: the chiral model with hadrons

/12/,

chiral model with quark loops , mode based on the
idea of glopal duality between quark loops and hadron reso-
nances, mOﬂeL/15/ tnat uses Iour-quark Lagrangian, ‘knese models
provide a good agreement of the rms mean square pion radius <%:>
with that of VDM and with experimental data’/'6=19/,

The region of the asymptotic behaviour of ﬁ;(f) as
t +»*0° has veen intensively studied in the framework of the
quantum-field models in the last ten yeara/19/. It was found
that in the limit ¢ -+ ©°© the power of the form factor dec-
rease depends on the numoer of constituents of a hadron ﬂ,, ’
i.ee,0on the number of°quarks, and is equal to f;(f)*'tf-"”/2ac
Such a simple formula, obtained by the dimensional analysis

methods, provides a good fit to the experimental data,

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

/21/

nongauge theories,like that in confirm that the form factor

of pion as ¥ —» %o° behaves itself like /',-(t}“’"/f.

Quantum chromodynamics (QCD), that pretends to be a theory
of strong interactions, also gives the asymptotical behaviour
of F'- like ﬁ(t)“'//f. Besides, in the framework of QCD
the methods were elaborated, that allow one to gtudy the beha-
viour of the form factor in the intermediate regions at t<0 .
So, in ref./23/ the behaviour of 6}(%) in the region = 5 GeVct
t< -1 Gev? and in ref./24/ ~ in the region =3 Gevlct< -0,5 Gev?
is obtained.

1/25/ or the virton-quark model of

The nonlocal quark mode
hadronic interactions belongs to the theoretical-field models.
This model/zs/ 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 GeV2<f< 1 GeVe. The rms pion mean square radius ob~

taned here is proved to be (7:)=0,37 fm2.

2. Pion Electromagnetic Form Factor

The Lagrangian, describing electromagnetic and strong

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

/26/,

charged quarks, and photons, can be written as follows
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em
where the quark electromagnetic current :&L in the regula-

rized form (see/26/) is:
em\§ = i/ 8 &
=Y (1
(97)"= 2 o' (%0.0%)
The following notes were introduced:
$‘ + o1 _ 00 { 0
- (3) (3 ) me )
4
62 =z i% I+ 7 Cs .

Taking into consideration the bound-state condition/26/, the
electromagnetic form factor is determined in our approach by

the diagrams, shown in Pig. 1.

¥
] p
% = TN
(a) (8)

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

R(t) = F@)+F(t). (3

Here the contributions of diagrams (a) and (b) in Pig. 1 are
denoted by Fa(f) and F‘ (t) .
Calculations give for F;,(t):

R(t) = EE:)) (4)

where

P(t) = R(E) + Ry (t) + R3(t)
R ()= £ (o'kfss 2 Ry Allen))-AlrY)
1(t) = 7 fdk{’+T[(Ka)+(Kﬂ)]}A(K) (krp)" - (k+p)2 )
g (e KPR 2 (cop,) 2B (keh)-(o) Bllkee))
R, (t) f,,fam e B R )

Ry (€) = #‘jd&"(z{f+:,‘.-[(xa)+(m)]} B(xY Blcen))-Blker)).

(k+£)*- (x+£)?

Integration is carried out over the Euclidean space. It is

convenient to take the momenta ﬂ_ and /Z in the form:

3 - LVE
+=(‘L‘T‘/:';I‘T)0; 0). (6)

2
= L.
T=t G
k2

Ay = cos (x/k%) e ;

A~ . 2 _xl
B(k%) = ——————S‘”LI/’(—) e . M
Kz
Parameters of the model/26/ L and ; cqual
= 300 Mev ; =144 (8)

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

calculationa/26/ is written as

16 Ap_ t—
¢) = —
Ft) = <o Vit) — i Wee) . (9)

Here the function V(f) describes tne block P—>2F in the

diagram (b) and equals:

Vit) = Vi(t) + (t) + V3 (t) (10)

i (e) = 5 [ [ 10 &focereter ]| Ay A vn ) Bllee)




Vol y
==&= o1

f P

Pig. 2. The jO—meson
own mass diagram.
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Pig. 3. Effective constant }
Af(t) as a function of T . o 7 3

v, (6)= 4 jotx[(mmxr)] a(x’)A((m) YA ((k+2))

0= s [ 1o ot B BT )0 Y)

Function W(%) describes the block P"r and looks as
oo

4
W(t)=12 IeL(k.()deLIB(tl-o(,(f-aL)T)du, 1)
o [
Punntion [ (#) Acervihes the dscay JD"-;II"]{’ with #he 0 _meann

"mags" \/_' and is equal to
r;,(t)=i'— (tN“(4- )V(t) 9(1—4”") (12)

Here A 9”4”10 13 is an effective pion-quark coupling conetant.
The effective coupling constant )Pﬁ) ’7,1L) is calculated
from the bound-state condltlon/ze/ with the .P -meson '"‘mass" Jz'z

1- Ay ') = 0. (13)

Here Z(t) ig a coefficient of }/‘y in the representation of the

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

() = }#VZ('&) + By 2, ),

2
where 2,“ ig a transfer momentum (t-?}. It is convenient to

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

=

Z'(t)=1z]o°‘w{I2("m[ )+ 4 Bl +

‘ %—,;-z[u‘T'Io(“ﬁ)"b-“‘/F'I4(“ﬁ)+1212(“ﬁ)]5(“'){ . (14)
where
Alu)= 4 Seos (15)€ ij(im S ;

3 o

Bu)= 4 szs,n(gs)e 52(5‘/&?) oS

)

o

J , jz are Beasel functions of the first kind; 1;) 1}’ 1} -

modified Bessel functions of the first kind,
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Fig. 4. Behaviour of the form factor at the small negative .
The E;(f}-dependence, computed in the present paper is
given by the full line. The broken line denotes the
contribution of K (t). The measured values of K (t) are
indicated by the following symbols: ® - Serpukhov

16/; 4 - Permilab experiment (1977)

)/18/.

experiment (1977)/

/17/; ¥ - Permilab experiment (1982




The effective coupling constant /lf,(f) ag a function of
2
T is shown in Pig. 3. At the point t:m/, e decay width

f’; is equal to
/;—>27r = /;(”}02) = 145 Mev,

that is in a good agreement with the experimental value
([os2r)erp = (15224) Mev.

Formulae (4) and (9) obtained for F;[f) and /'}(f} gve us the
representation of the form factor /L]—r(t) both in space-like
(f<0) and in time-like (f>0) regions. The computed results are
gshown in Figs.4-6.

The behaviour of the form factor /‘}(f} at a small nega-
tive f ,‘i.e.,in the region, which is determined by the pion

square radius is shown in Fig. 4. We have

2
CZEy = (ggd, + (gD = 037 fm’, (15)
where sal N - Ao4 Pt
N TH R Rt R
<> = 016 fm”.

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

to experimental data/16-1d/. The value of the rms radius,

F (t)
Fig. 5. Behaviour of the form factor at the negative t. 4,:
The Fx{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 rer./27/ are indicated by the dote. /

-3 -2 -1 0 teery

-

obtained from the experimental data, depends on the processing.
It is shown in ref.”e/ that this value fluctuates in the re-

gion
031fm < <Lty < 0,61 fm”.

The behaviour of the form factor /;r('t) in the space-like re-
gion t <0 is represented in Fig. 5. In this region the form
factor decreases in a good agreement with experimental data

£111 (~54-6) Gev2, In the region £ < -6 GeVZ aur form factor

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

behaviour
Y 1y L o4t gevt
Ft)= 5 (1+0(%)) 6 (16)

Indeed, F‘(t) decreases as £ -» -9 like eXP[-i'/f/} owing
to the decrease of the strong block p-’Zﬂ' in the diagram (b)
Fig. 1. Therefore the asymptotical behaviour is determined

only by E(f). One can prove, that when t+-00 | integrals (5)

behave like

1 Y(ter)?)- Y((irr)')
S(e) = (4% 2 -~
@ -S4 e e

oo 7 1
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to-e ICT) Jos s fou 2 faoert |
] (-] —1

Y
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o)

Using this formula for the functions Ej (t) in (5) and carrying
out some numerical calculations, we obtain (16). The behaviour
of the form factor F;r(f) in the time-like region £ >0 1is
shown in Pig. 6. In this region we have a good agreement with
experimental data’28732/ 411 £=(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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Pig. 6. Behaviour of the form factor at the positive ¢t . The
lﬁ(t”;—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-
gents the lF}(t)'z -dependence, obtained in the frame-
work of VDM in ref./4/. Experimental resulis are indi-
cated by: e - Orsay (1968-1976)/28/;l- Frascati (1973)
/25!, & - Novosibirsk (1967)7 > ; ¥ - Novosibirsk (1970)
/31/; A - Novosibirsk (1978) /32,

and have to take into consideration the whole perturbation

expansion,
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Ay6unukosa A.3., Edumon 7.B., Jlo6awos 0.0, £2-82-373
®opMOAKTOP NHUOHA B BUPTOH-KBAPKOBOH MOAENM

Buuncnen dopubaktop nMonwa F,(t) B8 BMPTOH-KBAPKOBOW MOAENU AAPOHHLIX
B3aumopencTeuni. lMonyuyeHO cornacue C 3KCNEPUMEHTANbHBMK AaHHbLMKM B obBnacTtwu
-5 [3BB<t < 1 73B2, Buwuucnen CpeaHeKBAAPATWUHBI PAAUyC NUOHA <r:> =0,37fm%.

PaBora swnonHena '8 Jlabopatopum TeopeTuueckon duaukn OUAK.

1IDENPUHT UDBEAUHEHHOTO MHCTHTYTA AAEPHHX HMCCNeaoBanun. UyoHa 1982

DubniZkovd A.Z., Efimov G.V.,. Lobanov Yu.Yu. E2-82-373
Pion Form Factor in the Virton-Quark Model

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 GeV“<t < | GeV? is obtained. The rms radius of pion is calcu-
lated: < 12> =0:37 fm®.

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