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1. Introduction.

Some Interesting predictions at hich energies and larqe nouentuni trans-

fer О nave been obtained from the quark structure of hacrons. That is.

W И
the quark-counting rules for the exclusive and inclusive processes
at large angles as well as asymptotic properties of form factors at large

T.3-51
Q and the properties of hadroniс structure functions in t h e X - * 1

[б Л
limit In the quark-gluon model.

At the same time I t Is reasonable to assume In addition, that quarks

1n nucleon are nonrelativistic. Indeed, the successful application (see,

for Instance* Ref. 8 ) of the additive quark model apparently shows that
i

nucleons are weakly bound systems. As Is shown In Ref. 9 , the correct va- i

lues of nucleon magnetic moments can be obtained only 1n the nonrelativistic

approximation; for relativistic quarks there are no definite relations be-

tween magnetic moments of proton and neutron. The additive quark model gives

quite acceptable values of the magnetic and electric quadruple moments for

Y N - * A transition, that I s , an evidence in favour of the nonreiativtstic

description of quarks 1n the Л -Isobar as well.

In this paper the definite relations between the nucleon form factors,

as well as those between the nucleon and t h e y N - ^ A trans 1 tionform factors,



are obtained in the quark-gluon model based on the interaction of coloured

quarks with the octet of coloured vector gluons. Following Refs. 3-7 , we
2 2

suppose that in the Q —>oo l imit the Q -dependence of the form factors

is given by gluon exchanges between quarks in the lowest order of the per-

turbation series, namely, by the graphs shown -i$ Fip. 1, the

incoming and outgoing quarks carrying the f in i te fraction of the correspond-

ing hadron momenta. As far as the four-momentum squares of virtual quarks

and gluons are large (~Q ), the application of the perturbation theory

is justif ied in accordance with the idea of asymptotic freedom. In addition

we assume that quarks in nucleons (as well as in Д ) can be considered as

nonrelativtstic, so one сгп write p » p » D s^P/3 «id n ~ n « . D * :

~ P / 3 for the four-momenta of quarks, where P and P are i n i t i a l

and final baryon manenta, respectively.

2. Vertices of theN(A) transitions into three quarks and

diagrams of theyN-»N and y N - » A transttions.

Let us write the 3 q - » P and 3C|—»-A vertices In the form

(1)

transmutations of (p p p)
г L •$ *•



У

transmutations of (p p p }

where \,j > к are colour indices, the bottom Indices ( U , d ) of spinors

denote the type of the quark, U {P) is the wave function of A -isober,

NiArfyfy'V*5 t h e v e r t e x Unction, describing the distribution of quarks

in baryon, С is the charge conjugation matrix. In the case of

exact SU(6/-symmetry the functions f ind 1. should be equal and

symmetric relative to the transmutations of arguments. In the ronrelativis-

t1c limit ( ! p w p т»р -t» P/3 ) all other forms of 3q~#* P and

3cj-*> A vertices are reduced to (1) and [?.), respectively .The coeffi-*'

cient \>/T in (!) Is due to the relative phase and the normalization ot

nonrelativistic wave functions of the nucleon and Isobar.

The graphs for y P - * - P and y P — * A transitions corresponding

to the vertices (1) and (2) are shown in Fig,2. The other graphs for these

transitions can be obtained by the replacements of the second and third

quark lines. The dashad blocks in Fig.2 include all possible gluon excn^rigcs

in the lowest order of perturbation series according to the graphs in Fi f . l ,

ard are symmetric relative to the above mentioned replacements. So the

matrix elements corresponding to all possible diagrams of y P - s - P and

y P - * - Д Т t r a n s i t i o n s are reduced to those of graphs shown in Fig.2.

When writing the n 5itr1x elements in accordance with the usual Feyuman

rules, the part of thos» between С у ( у ) and У С matrices are
*> В 5



transposed. For instance, i f the matrix elements M- ( i -п, Ь. С , d , e )

corresponding to the graphs of Fin.2 are written in the for*.

n (p;2-m *i

where ГП is the quark mass, then we have for the graph of Pin.2c

i p J v f t p m H p i C Y ^ P m j r t p
) r) T5 L *2 2 2 J T5 3 3 3

The coefficient 8/3 in (3) is corranon to al l diaqrans of the lowest

order In C t f O " ) «nd arises due to X r / 2 m a t r i c e s in the quark-quark-giuon

vert ices. Note, that when wri t inq matrix elements of graphs of Figs.2a,2b,

there arise traces corresponding to closed loops. For Instance, for the graph

of Fig.2a we have:

+m)Up(P)

In (4) and (5) the factors Г, , П, and Г-j denote the parts of

the metrix elements (including propagators) corresponding to the f i r s t ,

second and third quark lines in the dashed blocks,respectively.

For the yP-*-&'"" transit ion one should make in (3)-(5) the replace-

ments U (P}-*U ( P ) , V — у(~\/\Г5 ) (after the square bracket)

We suppose that the reoion p ъ p.-» p, ж P / i and p'-g p ^ рЛ» р/3

dominates in inteorals; therefore, the quantities K ; may he taken out of

the integral sign at the aforementioned values of l̂uark four-momenta. 3e-

nott1 the reinoipiro; integral by M . .in our assu^otic?' of zero bint!inn ^ner-



9У ( б ~ 0 ) i t is convenient to evaluate the p° , p° and p* , p 0 '

Integrals in the corresponding rest frames (ft = 0 and W=. 0 , respectively)

Closing the contour in the lower half-plane and noting that only one pole

(р о =\/р 2 +т 2 = Е ; p'°=\/p'2+m2 = E ' ; I *J,2) contribute to each integ-
t i i i i i

ral when 6-»-0,we find

d 4
A = 2

8-(2i:)'e

Thus A > 0- The expressions for MJJ and M £ take the form;

where M • 3 m is the mass of both nucleon and A -Isobar 1n our approxi-
mation, 1=1 for Y P ^ P and I ^ i ^ V Y . f o r v P - * A + . I " the case

+
 a p / /

of yP-»-A transition one should make the replacement U (P) -*- U ( P )
P Ap

as well.

з Mucleon form factors.

The proton electromagnetic current corresponding to the graphs of

Ffg.2, has the form:

( P V ' P ) = 2a (M*1*«ЛVf+ КЙ*2qlM**ьЛ , (8)
A i a b c d d b •

where q and q are charges of up and down quarks, respectively,
u ^o

In the frame with fermion momentum directed along the third axis we

have



is the polariza

Using this relation we find

where a is the polarization pseudovector of fermion with the heiicityX.

MM- м^ м1 1

and the proton electromagnetic current takes the form

M . (П)
•|T ' • 'u Y a u 'd b

I t is worth noting, that the well known SU(6)-symmetry relations

between proton and neutron charges a; J magnetic moments can be easily ob-

tained using expression (11) in theQ-»- 0 l i m i t when no gluon exchanges

are taken into account in the dashed blocks of graphs 1n Fig.2.

In the Q —т>* CMS»limit we take into account a l l kinds of gluon ex-

changes in the lowest order of the perturbation series (F1g.l). Keeping

only the leading in Q . terms we find the ^following asymptotic express-

ions for the electric and magnetic form factors of proton and neutron:

Gp(Q2)=-3A(2Mf(4ixa(Q2))2/Q4 (12)
м s

GiQ) G(
M M'

Note, that the magnetic Pauli form factor F =4h^(G - G ) / ( 4 M 2 + r f )
2 ME



is suppressed relative to the electric Ц = {4M G +QGJ/(4M + Q )

o-This 1s a consequence of V -invariance of the vector
Ш 5

gluon theory

Eqs. (12-15) have been obtained in the lowest order of the perturba-

tion series and are valid, generally speaking, only whenCC (Q )fn{Q )<^,1

because the contribution of higher orders in a (Q ) results in logarith-

mic corrections * ) .

H , as is si.own in Ref. 11 , a ( Q 2 ) is sufficiently small (--C.3)

et aire£dy Q^---- }jft , then Lqs.(12-15) are vt ic in the intermediate re-

gion of not very large Q* .

I t 1s interesting to note that'Eqs.(12-15) indicate to the strong de-

viation from the scaling law for the form factors whenQ —*

*) Ue are indebted to V.UChernyak, V.G.Serbo and A.R.Zhitnitsky, who/in-

forrned us that the method derived in Kef. 5 was appiicabVe for the oacleon

form factors as well , the anomalous dimension [y) being zero for operators con-

nected with F , end nonzero for operators connected with F . Thus,

(12), (14) and (15) remain valid in the Q'-*- os>limit when one takes into

account the higher order corrections, while the electric form factors (13)

are modified by the loqarithmic factor (fn|Q ))X The asymptotic sians

of the form factors obtained in this paper, of course, are not changed by

higher order corrections.



The most striking feature of our result (12-15) i s , of course, the

negative sign of the proton form factors and the positive sign of the neut-

ron ones. The sinns obtained are cue to the contributions of the graphs

of Ficjs. lb and 1c, which turn out numerically larger than the

contributions of graphs of Fig. la. To demonstrate this let us

write the relative contributions of the graphs of Figs.la, lb and lc , res-

pectively (in the units (4ixas(Q
2>)2A(2M}VQ4): (3, -•„, o) for G P ;

( 1 , - 6 , -3) for GP ; ( - 1 , 2, 2) for C?" and (2/3, 16/3, 6) for G * -
E M £•

The chanqing of sign of the electric form factor is connected with

the following fact. The coefficient at q in (11) becomes negative, and

the coefficient a t q remaines positive when Q —voo In the case of the

magnetic form factor G both of the coefficients change the signs (remind

that at Q2-0 GP=4q-q )•
M u d

I t is ir> «resting that the chsnqing of signs of the nucleon form fac-

tors is independert of the type of gluons and takes place for the scalar

and pseudoscalar gluons as well. In the case of pions theform factor turns

out positive for the vector oluons ( in contrast to the result of Ref. E j ,

while for scalar and pseudoscalar gluons the pion form factor is negative

in the Q - ^ c c l i m i t . The experimental confirmation of the changing of

signs of the nucleon form factors when Q - v o o would be a strong argument

in favour of vector gluons i f the pionform factor remains positive in this

l im i t .

:.'e should like to note the following fact. The module of the ratio

of the coefficient at Cj to that a t q . in ( l i ) is essentially less

( 8 times less for G and 4 times less for G. ) when Q -*- os>as com-
2 E

pared with Q = 0. Thus» in the model under consideration the coinnarative
weight of the down quarks in the proton (and of the un quarks in the neut-



ron) increases m the Q"-*- oo l i m i t in comparison with tneir weights in

charge and magnetic moment at Q~ « 0.

Unfortunately> the available experimental data cannot be used for f ind-

ing i i . vhe Q -dependence of the form factors the tendency to the fulf i lment

of the аЬочч obtained asymptotic relat ions, because the Q > 3 ( G e v ) d a t a

do not аЛоу/ to separate (31 and G^ . From these data i t is even im-

possible to make def ini te conclusions on the Q -dependence of Gc

The chanqinq of signs of the nucleon form factors may lead to the dips

in the d i f f e r e n t i a l cross section. I t may be also revealed in polarization

experiments, for instance, in experiments on measurement of asymmetry pro-

portional to G__" G , which appears when the longitudinal polarized
E M

leptons are scattered on the target proton with polarization orthogonal to

tlie recoil proton momenta in. the laboratory framie.

In the lowest order of the perturbation theory we have found also the

terms of the order :

G P i Q ) = -
м

= - 8A(2M)A/G*-U7ta)2n-11M2/ACr) ,

n
Gn(Q ) = 3A(2M)VQ4'U!ia }2(1 - U M 2 / 3Q2} ,

f{\ • 4M2/3Q2) ,

11



The higher order contributions may distort these results; nevertheless, 1t
с с

is interesting that the coefficients at M /Q terms are large and d i f -

fer strongly from the dipole formula prediction contrary to the assumption

by Bredsky and Chertok . Terms of order M / Q and the leading terms are

opposite «n signs (except for the case of G P ) . and one can also see the
2

ch?,ging of signs of the form /actors as Q increases.

Note, that for "large Q the vector and axial vector weak form factors
110]

зга equal 1.. vector-gluon theory due t o y -invariance . Thus$ we also
^ -P П

predict the c^anqino of 'iians of о and л *n the asynptotia In =G?-G )•

4.Form factors of the
4-

Д -transition.

+We define theyP->- Д transition current as follows

1P)= iU {P){G (rf)h/n*G (Q2)h/2^G (cftf-P) U (P) (17)
V P 1 PH 2 p|i 3 pu.

where

«8,

p »{P* P)/2 ; q =P'- P; Q
2
=-q

2



As the second terms in the square brackets in (1) and (2) are opposite

in signs, the total contribution of the graphs of Fios.2a,b turns out zero

while the other graphs have opposite signs for the up and down quarks. Thus

we have

j IP) = 2(q -q )(ьЛмМ*МЦ) (w)
\i и d b с е

One can obtain the following relation among matrix elements

M b = « < = M e (20)

and so the \ Р - > Л -transition matrix element actually reduces to :

(/yjlP)=6(q
u
-q)lvf (21)

In the asymptotic region we obtain for the G. ( Q )-form factors:

G 1 (Q 2 )=

= -16V3'AM2Unas(cf))2(2M)4/Q8

G3(Q2) = -

The suppression of G ~ and G-relative to G. at Q —*• do is
tlO]2 3 1

due to they -Invariance

In the terms of commonly used magnetic dipole G . electric

quadrupole G^ and Coulomb \3~ form factors the obtained results take



tte form:

Ь Е Е

* " - (23)

Contrary to the nucleon form factors the magnetic form factor G.. does

not change the sign when Q2-*.©o( G ( 0 } = 3 )•

The available experimental data опуМ-*-Д are carried out at not

large enough values o fQ 2 ( ^ 1 . 6 GeV̂  (see, e.g. Ref. 16 ) and do not allow

to test our predictions for G M , Gp and G c .

We are grateful to Prof. S.G.Matinyan for discussions and helpful

cocnments, also to G.V.Grigoryan, E.M.Levin, Yu.P.Maiakyan and A.G.Sfcvirakyan

for useful discussions.
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FIGURE CAPTIONS

Fig.l The Feynman graphs corresponding to cluon exchangss 1n

the lowest order of the perturbation series. The other

seven graphs may be obtained by the replacing of the

second and the third quark lines.

Fig.2. The graphs for the Y P-*- P and yP-*- A transi-

tion form factors corresponding to the (1) and (2) ver-

\ ces. The dashed blocks include the gluon exchanges

shown in Fig.l.

17
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