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I. INTRODUCTION 

The quark counting rules (QCD) 11
' 

21 are now a part of the 
high energy physics "folk-lore". These rules predict, in par
ticular,that a spin-averaged form factor of a hadron constituted 
by n quarks should behave asymptotically like t 1-n (where 

t = Q 2 = -q2 and ? is the momentum transfer). According to 
Brodsky and Farrar 2/ the specific dynamical mechanism respon
sible for the QCR is the hard rescattering of quarks that con
stitute the hadrons participating in the high momentum transfer 
process. The simple parton-like picture proposed in ref.121 was 
justified later within the perturbative QCD framework 13 • 41 • It 
was demonstrated, in particular, that in the asymptotic t-> oo 

region the QCD-effects produce only a logarithmic violation of 
the QCR power-law behaviour of the meson and nucleon electro
magnetic form factors 13-8/. 

Experimentally the products t 2c: M(0 are roughly constant 
starting with t -3 GeV 2• This fact 'is usually interpreted 
as an unambiguous indication that for t as low as 3 GeV 2 one 
observes the asymptotic scaling law corresponding to dominance 
ot the L-gluon-exchange diagrams like that shown in fig.lc. 
However, it is not an easy task to justify such an interpreta
tiJn within the QCD framework. Note, in particular, that the 
contribution due to diagrams of the type of fig. lc is, in a sense, 
only the third term of the QCD expansion resulting from apply
ing to G N~) the standard procedure of separating long- and 
short-distance con~ributions (see Fig. 1). 

To estimate the relative contributions of figs. la-c one 
should take into account, that for t = 0 the main contribution 
to GN(t) is given by the simplest diagram Ia. Furthermore, ac
cording to the usual "loop counting" the higher order diagrams 

a (M NJ 
lb,c are damped by ( 8 

) :;; 0. I and 
TT 

a (MN) 2 
( 

8 
) < 0.01 factors, 

TT -

respectively (MN is the nucleon mass). This means that there 
should exist a region t 'i_ tmu ,where the simplest diagram I a 
dominates in spite of the fact that in the asymptotic region 
its contribution vanishes faster than that of fig.lc. According 
to perturbative estimates (to be justified below) the contri
bution of fig. Ia vanishes only like l/t 3 , and one should 
expect that tmu is as large as O((a

8
/rr)-2) I GeV ~ 

I 
t ''"'-'· •. 
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Fig.]. Factorization expansion for the nucleon form 
factors. Blobs and the quark lines directly attached 
to them correspond to long distances (small virtualities), 
whereas the remaining quark and gluon lines to short 
distances, i.e. to virtualities larger than typical 
hadronic scale p. 2 - I GeV 2, 

To get a more reliable estimate of the contributions of 
f . 1 should know the soft nucleon wave function. 1gs. a-c. , one 
This task cannot of course be solved by using the ordinary per-
turbation theory, since the very existence of hadrons in QCD 
is largely due to nonperturbative effects. 

In the present paper, to study the behaviour of the n~cleon 
form factors at moderately large momentum transfers, we ln-

. /9-15/ th t (' corporate the quark-hadron dual1ty concept . a l~ 
various formulations)has successfully been appl1ed earl1er to 
the computation of such essentially nonperturbative hadron 
characteristics as masses, leptonic widths, and more recently, 
electromagnetic form factors of mesons 112"141 . We shall observe 
below that the contribution of the simplest diagram Ia is in 
a very good agreement with the existing experime~tal data. ~en
ce, contrary to the current folk-lore, the experimental :erl
fication of the QCR power law does not imply that the ma1n 
contribution in the relevant t-region is due to diagrams 
involving a short-distance subprocess. 
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2. QUARK-HADRON DUALITY 

Consider the three-point function 

'I:f3(p 1, p2) = i 2 ( d4xd4
y expl ip2x- iqy I< Ol 'II11 a(x) J (y) ~ {3(0) 110>, 

p. (I) 

where q = p 2 - p1 , J P. is the electromagnetic current and 11a is 
a 3-quark current having a non-zero projection onto the nucleon 
state IP> 

(2) 

va (P) being the Dirac spinor. A possible choice for the proton 
is /10/ 

( a -1 b ) A c 11 = u C y, u y y d ( b 
" 5 a c 

(3) 

with u ~ d for the neutron; C being the charge conjugation mat
rix. 

The amplitude 'f1:{3 is the sum of various structures: P P.CP)a/33 

= V~(P); q~'-(P)a/3: Q
2(y)af3; ilp.Apa P.\ qp(y 5ya) = A:{3(P,q),etc., 

where P = P1+ P2·To compare the contributions of different struc
tures, one should specify the reference frame. In our case 
~v~;:_;:j· .:::ct_l_"_'-11-'-c:ui.. ~;:, L~n:: ~uL~u~Le mumenLum irame ~lMt), where 
pP. = P~ -+ oo while q~'- = qt is fixed. The leading IMF structure 
is clearly v:/3 (P): it does not contain the "small II parameter 
q. Note that for p~ = p: the VIL/3-structure satisfies the trans
versality condition q,.V/:~(P) =8. Another structure possessing 
h' . p. ~ ~ t. 1s property ~s Aa~(P, q). T~ese two structures have a most 

d1rec~ connection w1th the (P)a/3 -component of the two-point 
func.t 10n IIa/3 (P) 

Ila/3 (P) = i r d \ exp (iPx) < 0 I 'I 111 a (x) ~{3 (0) 110> (4) 

analysed in refs. /10,15/. 
h .. 'd p. p. T e 1nvar1ant ampl1tu es related to the Va/3- and Aaf3 -

structures will be denoted as Tv and 'fA, respectively. To incor
porate the quark-hadron duality, we write the double dispersion 
relation for 'Iv,A<P¥.pf, t) 

1 

712 

where the terms not written explicitly are polynomials in p2 
and/or p:. 1 

(5) 
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The perturbative contribution to Ti (pf,p~,t) (correspond~ng, 
f" 1 - with the blobs substituted by local vert1ces e.g., to 1gs. a c . . h 

dictated by the .,, :;; -currents) can also be wr1tten 1n t e. 

f f (5) Of course the perturbative spectral dens1ty orm o eq. . , . ( ) 
pert ( t) differs from the physical dens1ty P sl's2,t 

:speci~i'l;2 'for small sl's 2· values. In particular, P(8 1• 8 2•t) 
contains the nucleon aa -term 

p~(s 1 ,s2 ,t) = "2 A~~f(t)8(s 1 -Mi)B(s 2-M~ (6) 

while the finite-order contributions to ppert (s1 ,s2,t)Nare smooth 
functions of s 1,s 2• We shall assume, however, that Pi (sl's2,t) 
is dual to P)ert (s 1,s2 ,t) 

s 8 o 8 0 2. N 
so fod pert ( t) Ids I ds pN(s s t) =AN~l. (t)' (7) I ds 1 s2 P i s 1' s2 ' = 1 2 i 1' 2 ' 

0 0 0 0 

where the duality interval s 0 characterizes the.onset of the 
"continuum" in the T/-channel·, i.e., the effect1ve thresho~d. 
for higher states with the quantum numbers of T/• The spec1f1c 
value so= 2.3 GeV 2 that will be used in what.follows has been 

t t d ~n ref 116/ from a detailed analys1s of the power 
ex rae e ... · " · ") QC 
corrections in the ~ponential-weighted ( borel1zed D 
sum rules for the (P)afl -compon~nt of the corre~~tor_ llaf3(P~ •. _ 

lt 1s wortn empnasizing t:nat: 1n t:ne 1oca1 aua1u:y approxuna 
tion there exists a simple relation between s 0 and the proton 
decay constant AN• e.g., in the lowest order 

3 
4 2 so (8) 

(277 ) A N = W · 

As a result, the predictions based on eq. (7) do not contain 
free parameters. 

3. LOCAL DUALITY AND THE SOFT NUCLEON WAVE FUNCTION 

Incorporating the local duality ansatz (7) is equivalent.to 
fixing the soft nucleon wave function (s.w.f.). In~eed, ~ak~ng 
· t that ppert (s s t) is the double d1scont1nu1ty 1nto accoun i 1 • 2' 2 2 ) . . 
(in p2 and p2) of the relevant amplitude Ti(p1,p2,t • 1t 1s . 
easy ~0 reali~e that for fig. Ia the use of the eq. (7) prescr1p
tion reduces to replacing the s.w.f. by a local vertex correspon-

. f 1 t massless* ding to transition of the T/ -current 1nto ree, a mos 

• p pert (s 8 t) one should use, of course, the * Calculat1ng 1, 2, --
current quark masses, m u, m d ::; 10 MeV << M N • Y 8 o • 

quarks with a subsequent averaging of the invariant mass s of 
the 3-quark sys tern over the region 0 :;; s :;; s0 • In other words, 
the nucleon is treated as a system composed of 3 on-shell 
(k~c m2) quarks localized inside a sphere (k 1 + k2 ~ k3 ) 2:S s 0 in 
th~ mo~entum space. This picture, in particular, has a merit 
of being both relativistically and gauge invariant. 

It is instructive to observe that in the infinite momentum 
frame (IMF) such a wave function is proportional to 0(K2< s 0 ), 

K2 being the usual IMF combination (cf. ref. 161 ) 

2 
K 

3 

l 
i= 1 X j 

(9) 

where xi 1s the IMF fraction of the nucleon longitudinal momen
tum carried by the i-th quark, and ki~ is its transverse momen-

. h . . h f . ljll L D >rk ) tum. It 1s wort compar1ng now t e wave unction , ~i, xi -
- O(K 2 < s 0 ), sug~ested by the local ~uark-hadron duality, 
with the Gaussian 'i' 0 \ku,x 1) -exp(-R 2K) and power-law 
lji(PL)(k~i·xi)-(K 2 +/)-a model wave functions considered 
by Brodsky and Lepage 1 161, All the wave functions have a common 
property: the cut-off for large K2 values.Of course, the sharp 
cut-off K 

2:;; so dictated by lji(LD{k~i, xi) is unrealistic: the 
exact nucleon s.w.f. should be a smooth function of K2, like 
'i'(O)(k~i•xtL or 'i'(PL)(k~i ,xi)· 

Thll'< \II 0){1, v \ ~~~ -~--~-'··-- . ' ·' d.l ; ,--J.. l r •• 11 -~··· ._ ..._t'..._"_,.._..._....._..__ Uli..L)' Lilt::: IIH.J,::,L gellel 

(i.e., integral) properties of the exact nucleon soft wave 
function. Correspondingly, one should not expect that c\N) (t) 
calculated according to eq. (7) must coincide with the exact 
contribution of fig. 1a in the whole region 0 < t <""·In parti
cular, one should not trust eq. (7) predictions in the t
regions where its contribution has an essential dependence on 
the specific behaviour of the s.w.f. on the edges of the kine
matically allowed region, when xi -0 or 1 for some i. 

As we will see later, (eqs. (11), (12)) the behaviour of 
ppert (s 1,s 2 ,t) for small t is rather sensitive to the region 
x<A) -O,where a bulk part of the longitudinal IMF momentum of 
the nucleon is carried by the passive quarks, while for large 
t values the dominant contribution to ppert (s1, s2 ,t) is due to 
integration over the region x(A)- 1 where the nucleon momentum 
is carried mainly by the active quark. Thus, one should rely 
on eq. (7) predictions neither for very small nor for asympto
tically large t values. 

A more quantitative estimate of the applicability region 
of eq. (7) may be obtained in the following way. Note, firstly, 
that the perturbative calculations for the original amplitude 
T. (p~,p~, t) are reliable only within the asymptotic freedom 
region t 2: m2 -0.6 GeV2. A next observation is that the asymp-

5 



totic t->"" behaviour of T 
1 

(p f.P~. t) is dominated by the region 
where the off-shellnesses of the spectator quarks are of order 
(p2 ) 2 /t. Hence, for t _..,. we leave the asymptotic freedom region 
again. Noting that in eq. (7) the p2 -parameter is substituted 
effectively by s 0 we deduce that the upper bound on the appli
cability region of eq. (7) is dictated by the constraint 
s~/t;;: m~·In our case s 0 = 2.3 GeV 2 , m~ = 0.6 GeV 2 and the 
upper bound is t $ 10 GeV 2• 

This means that there should exist the intermediate region 
0.5-1 ~ t ~ ID-20 GeV 2 where the contribution of fig. Ia is de
termined just by the integral properties of the s.w.f., mainly 
by the width of the quark distribution in transverse momentum 
(i.e., eventually by the nucleon size). The dependence on the 
specific form of such a distribution in this region is rather 
weak. 

The dimensional parameter that characterizes the width of 
the k.L -distribution for 11' (LD) (k.L. , x.) is clearly s 0 (in fact 
<ki>- s 0/10- (500 MeV) 2 ),i.e., 

1
the

1
same parameter that sets 

the scale of the baryon mass spectrum in the ~-channel. Such 
a connection seems to be quite reasonable from a physical 
standpoint. 

4. QUARK-HADRON DUALITY PREDICTIONS FOR THE 
NUCLEON FORM FACTORS 

4.1. General Analysis 

The trickiest technical problem in our approach is the 
calculation of the perturbative spectral density ppert (s 1,s 2 ,t). 
However, for fig. Ia the problem is considerably simplified 
if one notices that in the configuration space one can treat 
this diagram as a one-loop graph. Incorporating this observation 
it is straight-forward to obtain a rather simple integral repre
sentation for the Borel transform~. 

I 

2 2 1 "" ds 1 "" ds 2 pert s 1 s 2 
~ 1 (M 1 ,M 2 ,t) =-(--f-p. (s,s ,t)exp(----) (10) 

"2 0 M i 0 M ~ I 1 2 M~ M~ 

f h . . . (2 2) . o t e Invar1ant ampl1tude T 1 p 1,p 2, t (deta1ls are presented 
in the Appendix). In particular, for the proton functions~(~ 
and ~){>) related to V- and A-structures, we obtain for mass
less quarks 

2 1 (1- x) t 
dx(1-x) [ 2X+ -(1-x)]expl- I, 

3 x(Mi+M~) 

6 
(II) 

(12) 

Note ~hat the X -variable in eqs. (II), (12) is just the IMF 
fract1on of the nucleon momentum carried by the active quark. 

. In~ertin~ eq. (10) (which is the double Laplace transforma
t10n 1n 1/M ) one can get from eqs. (II) (12) explicit ex-

. f pert ( ) ' press1ons or P v A s1' s2 , t • Substituting the latter into 
eq. (7) gives for' the proton form factors 

F ~ (t) 
1 

(13) 

+ e u + e d (2 + .!!._ )! ' 
12 z 

F X (t) 
0 

so so 

r rd t a2 a ds 1 s 2 -(l- -) (2 + -), 
4 z z 

( 14) 

0 

where a= s 1+s 2 +t, z~ya2-4s 1 s2 , eu= 2/3, ed=-113. 
To g:t the neutron form factors one should interchange 

eu~ ~din eqs. (13), (14). To compare eqs. (13), (14) with 
experimental data one should substitute A~ by its value given 
by eq. (8) and take so= 2.3 GeV 2 • One should also take into 
accoun~ that Fy(t) is a combination of the electric (GE) and 
magnetic (GM) Sachs form factors 

2 
4MNG E ( t) + t GM (t) 

+4M 2 
N 

(IS) 

For small t the r.h.s. of eq. (IS) reduces to c (t) while for 
large t (in fact, for t > I 0 GeV 2) it may be tr~ated as c J.t). 
The second form factor F-(t) coincides with GM(t). 

I . . A 
t 1s easy to derive that as t _..,. the r.h.s. of eq. (13) 

tends to that of eq. (14), and the two expressions give the 
s~me result cPJn) (t) - 4· e u(d) sg/ t 3 for the asymptotic beha
VIour of the magnetic form factors. It should be emphasized 
however, t?at the asymptotic O(t-3) regime for eqs. (13) and 
Ck4) sets In '1nly fort ;:: 2D-30 GeV 2,In fact, the products 
t Fy(t) and t GM(t) as predicted by eqs. (13) and (14) are 
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constant within 10% fort varying from 5 to 15 GeV
2
.In other 

words, eqs. (13) and (14) 1m1tate the power-law behaviour 
GM -llt 2 dictated by the QCR 11 • 21 up to the t-values as large 
as 20 GeV 2 • In higher orders, however, one should take into 
account also a possible modification of eqs. (13) and (14) for 
large t by the Sudakov form factor of the struck quarks: 

expl-~[ (ln-t- - .!.) ln( 1n t/ A 
2 

) -ln-t-11, 
27 A 2 2 1n M 2/ A 2 M 2 

(16) 

where the scale M 2 is proportional to so • the only dimensionful 
parameter in eqs. (13) and (14). Note, that the value of s 0 is 
rather large whereas the QCD A-parameter is presumably small 
(A- 100 MeV)~ and as a result, in the accessible region 
t ~ 20-30 GeV the Sudakov suppression of eqs. (13) and (14) 
is not very strong. Furthermore, such a suppression may be 
partly compensated by contributions of the diagrams lb,c. Thus, 
it seems quite reasonable to neglect the higher order correc
tions for t $ 20 GeV 2, and expect in this region a good agree
ment between the local quark-hadron duality predictions 
and experimental data. 

As for the low t region, an important observation here is 
that owing to the current conservation the electric form factor 
GE(t) calculated from eqs. (13) and (14) takes for t = 0 its 

f::Al-·"=1. :u~t::ul..c1~ value ( i .luL Lite p.Lui....uu dtu.l G .lul. Litt: ueui...1.uu). :Cur

thermore, according to eqs. (II) and (12), both <llvand <llA are 
finite for t = 0, but d<llA,v/dtlt=O (and, as a result 
(dF A, v (t) /dt) I t = o) is infinite for mass less quarks. A non-zero 
quark mass mq provides the necessary IR cutt-off, and dFA v/dt 
is finite for t = 0, although very large (- lnM 2/m~). Of co~rse., 
the sensitivity of the prediction to the specific value of 
the (current) quark mass means that the quantity analyzed is 
not infrared stable, and one should not rely on perturbation 
theory to estimate its magnitude. On the phenomenological level 
the account of the relevant nonperturbative effects reduces 
to the substitution of mq by a more realistic IR cut-off like 
p. -liRwwhere RN is the nucleon radius. However, for t 2; I GeV 2 

the IR cut-off is provided by t itself and, as a result, all 
the derivatives of FA y(t) are finite and, what is even more 
important, sufficientiy stable with respect to possible varia
tions of mq• 

4.2. Numerical Results 

Now we turn to the comparison of the predictions of eqs. (13) 
and (14) with existing experimental data. 
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'J 

1.2 

1.0 

0.8 

0.6 
0.~ 

Fig.2. Form factor G~(t) /p.pD(t). Solid line corresponds 
to eq. (14); dashed line- to eq. (13) combined with 
the assumption that G ~ ( t) /'G~ (t) = p. P = 2,79. 

a). Proton form factors. Note first that 'G~(t) obtained 
from eq. (14) in the region t = 2-10 GeV 2 is in 10% agreement 
with the empirical di~ole fit G~(t) =p.pD(t) (where P.p = 2.79 
and D(t) = (l+t/0.71)-) (fig.2). Furthermore, using eqs. (13)-
(15) one can Pobtain an ex~li~it expression for G~(t) ~nd ob
serve that GE(t) = D(t) w1th1n 10% for t ~ 12 GeV (f1g.3). As 
a result, the scaling relation G~(t~/G:.(t) = p. P holds within 
1~7. tort rang1ng tram J to I~ Gev~. Un the other hand, assum1ng 
that aa (t) /G~ (t) = P.p for all t one can ext~act G~(t) from 
eq. (13) which is presumably more prec1se for small t-

values than eq. (14)* Indeed, the results for G~~) obtained 
in this way are in better agreement with the dipole fit for 
t = 1-2 GeV 2 than those extracted from eq. (14) (fig.2). 

b) Neutron magnetic form factor. The predictions of eqs. (13) 
and (14) for G~(t) agree with the data within the experimental 
uncertainties only for t :;: 6 GeV 2 (fig. 4). In the region 
t < 6 GeV 2 the agreement between the neutron version of eq. (14) 
and experiment is not so impressive as that for G~ (~.In par
ticular the prediction of eq. (14) for the ratio I'GM(t)!/D(t) 
in the t = 3-6 GeV 2 region is by 30% lower than that observed 
experimentally. The disagreement is even more drastic for 
t = 1-2 GeV 2• If one calculates G~(t) from eq. (13) assuming 

*Note that the structure V~/3 relevant to e~ .. (13) has .no 
damping for small q; hence, for small t the or1g1nal ampl1tude 
T~/3 (p

1
, p

2
) is more sensitive to the contribution of Fy(t) 

than to that of FA(t). 
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&: ltVD{t) 
Fig. 3. Form factor a~ (t)/D(t) Solid 
line corresponds to eqs. (13)-(15). 

0.6 

0.4 

that a ~(t) = 0, then the disagreement between theory and expe
riment for t ~ 1-4 GeV 2 is reduced, but only to 20%. The situa
tion may be interpreted so that the difference between the 
exact nucleon w.f. and that suggested by the quark-hadron duali
ty is more essential for a~(t) than for aJ(t). It is worth 
emphasizing here that such a proton-neutron asymmetry does not 
contradict the isotopic invariance. In particular, studying 
the power corrections in the (exponential-weighted) QCD sum 
rules for 'aM(t), we have observed that for the proton the most 
essential <if;l/I> 2 -corrections are proportional to ed,while 
the ground term according to eq. (14) is ~ro~ortinn~l tn ~u-
As a result, the ratio of the <l/Il/I>2-correction to the ground 
term for the neutron is 4 times as large as that for the pro
ton. 

c) Neutron electric form factor and the nucleon mass estimate. 
Using eqs. (13)-(15) one can calculate a~(t) and observe that 

the predicted a~O)-values are very close to zero for 
t -= 2-20 GeV 2 hfig. 5). It should be stressed here that the 
smallness of aE(t) reflects a nontrivial correlation between 
the values of F~(t),a~(t) predicted by eqs. (13) and (14) and 
the magnitude of the nucleon mass parameter MN entering into 
eq. (15). For instance, requiring a:o) to be exactly zero, one 
can extract the nucleon mass from eqs. (13)-(15). In the region 
t '"' 2-30 GeV 2 such a procedure gives for MN the values very 
close to the experimental one (see Fig.5). 

d) Ratio at (t)/ay(t) 

According to eq. (14), the ratio aP(t)/an(t) equals (-2) for 
all t. In its turn, eq. (13) (combineJ' withMthe assumption 
that aE(t)/aM(t) = aE(O)/aM(O)} predicts that IG~(t)/a~(t)l is 
smaller than 2 for t :S 4 GeV 2 (e.g., 1.6 for t = 1 GeV 2 ), but 
in the region t;::; 4 GeV 2 eq. (13) also gives a~(t)/a~(t)c:-2, 

10 

/17/ 
This prediction agrees well with the recent data 

> 6 GeV 2 region. 

in the 

1.2 

1. 0 ~--r----r-+-t-.-----T--r---"lr-.,---,---r'P' 

0.8 ----
----~~~---------t- 1 0.6 

OA 
Fig.4. Form factor a=(t)/!LnD(t) • Solid 
to eq. (14); dashend line- to eq. (13) 
assumption that aE(t) "" 0. 

-r-
line corresponds 
combined with the 

M~[GeV) i .,, t - -- '·"' 

I 

0.2 I 

-0.2 

/ 

/ 

G; (t)/ D( t) 

n 

0.8 

20 

Fig.5. Left scale: form factor aE(t)/D(t).Right s~ale: 
nucleon mass extracted from eqs. (13)-(15) assum1ng that 

a~(t) = 0. 
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e) Magnetic Moments 

As emphasized earlier, there are no grounds to expect eq. (14) 
to agree with the experimental data in the region t $ I GeV 2 . 
However, the values of magnetic moments P.p = 'G~(O) = 4e u = 8/3 
and P.n = G~(O) = 4ed = -4/3 predicted by eq. (14) are in satis
factory agreement with the experimental ones. Note, that just 
like it was for t > I GeV 2 the model is more successful for 
the proton than fo; the n~utron. It is intriguing to observe al
so that the ratio (ip. I - 4/3) I (p - 8/3) is indeed close to 4. n P 

5. CONCLUSIONS 

Thus, in a rather wide region of t = 2-15 Gev2 the nucleon 
form factors calculated according to the local quark-hadron dua
lity prescription are in satisfactory (or even good) agreement 
with the experimental data. One of the most nontrivial results 
here is that the ratio G~(t) /G~(t) for sufficiently large t 
is predicted by eqs. (13) and (14) to take ~ust the value (-2) 
suggested by the recent experimental data 11 1 • 

Modifying the s.w.f. in an appropriate way (this is achieved 
by adding to the 7)-current (eq. (I)) the terms containing 
covariant derivatives), it is possible to extend the agreement 
between the fig. I a contribution and the experimental data to 
higher t values. However, in the present paper such a modifi
~.::~ic;-. ·.;a;; uu~ CILLeli'I.JLeu. we concenr:rar:ea rather on the 
preasymptotic region t < 20 GeV 2 where the local duality pre
dictions are less sensitive to a particular choice of the 

7] -current. As we have observed, just in this region eqs. (13) 
and (14) do successfully describe the data. This observation 
forces us to conclude: the experimentally observed power-law 
fall-off of the nucleon form factors reflects only the finite 
sjze of the nucleons rather than the approximate short-distan
ce scale invariance of the underlying field theory. 
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APPENDIX. Calculation of !liP (MtML t) 

The first step is to write the contribution of the fig. Ia 
diagram in the configuration representation and then to calcu
late the trace. This gives 

12 

[ 

(A. I) 

The next step is to introduce the a -representation for the 
denominator factors x2, Y 2, (x- Y) 2 : 

1 iN ood z2 __ = --- J _a_ exp{-i-l (A.2) 
(1\.T 1 \' A N+ 1 a , .. 

u " 

and then to perform integration 
been done, the tensor structure 
invariant amplitude Tt<Pf,pi,t) 
the form 

00 

over x and y. After this has 
of ~Q is explicit, and each a,_._ • f 
has the a -representat1on o 

T~ (p~, p:, t) ~ f dad,Bdy f 1 (a, {3, y) x 
0 (A. 3) 

1 2 __ a.:..y __ + P2 -"'-{3"-y __ 
x exp p 1 a + f3 + y 2 a + f3 + y 

af3 t------1. 
a+f3+y 

To get the double Borel transform «~~f(M~,M~, t) (s;e eq. (10)) 
we must apply to Tf(p~,p~, t) the SVZ operator 19 

(A.4) 

13 



1n P~ and 2 Th' P2• 1s can be easily done using the formula 

Finally, denoting x = (a+f3)/(a+f3 +y) we obtain 

I .. 2 2 " 2 2 1.1 
B(pl 'Ml) B(p2 ,M2 )l Taf3 (pl' p2) 
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HecTepeHKO B.A., PaAWWKHH A.B. E2-83-464 
KBapK-a.n;poHHaH p;yanhHOCTb H q,opMclJaKTOPbi HyKnoHoB B KX,U 

KBapK-a.n;poHHaH p;yanhHOCTh Hcnonh3yeTCH .n;nn o~eHKH Henep
Typ6aTHBHoro O(a~)-BKna.n;a B HyKnoHHbie q,opMcllaKTOpbi GN(t). 
llonyt.reHHbie pe3ynhTaTbi yp;oBneTBopHTenbHO cornacywTCH c 3Kcne
pHMeHTanbHbiMH p;aHHbiMH B o6nacTH I < t < 20 f:JB

2
. 3To o3Hat.raeT, 

'-ITO Ha6nwp;aeMOe p;HnOnbHOe noBep;eHHe HYKnOHHblX clJopMclJaKTOPOB 
BOBCe He CBH 3aHO C xapaKTepOM ,IJ;HHaMHKH Ha ManblX paCCTOHHHHX. 

Pa6oTa BbmonHeHa B Tia6opaTopHH TeopeTnt.reCKOH clJH3HKH OIDill. 
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Nesterenko V.A., Radyushkin A.V. E2 83-464 
Quark-Hadron Duality and Nucleon Form Factors 1n QCD 

Quark-hadron duality is incorporated to estimate the non
perturbative O(a 0 ) -contribution to the nucleon form factors 
aN(t). For 1 < t < 820 GeV 2 the results are in satisfactory 
agreement with the existinl, data. This.means that.the obser
ved dipole behaviour of G ~) has noth1ng to do w1th the 

short-distance dynamics. 

The investigation has been performed at the Laboratory 

of Theoretical Physics, JINR. 
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