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1. _tnMIUC&iOa 

In this talk I shaJI rqKJIt some results of our investigations of the nucleon form 

factors within the VMD model fnuneworlc' . 
The experimental progress in studying the electromagnetic nucleon fann faetors2 

stimu~ates development of the pbenemenological models3•4 capable of the detailed 

description of the nucleon form factors at low and intermediate energies and having correct 

QCD asymptotic behavior. The experimental data on the nucleon form factors provide us 

with the importaDt information about intc:mal struebln: of nucleons. 

In the spacelike legion Sachs fann factors obey scaling rda1ions 

(1.1) 

with Jlp and ~ being the prolon and neutron magnetic moments (in n.m. units). With 

good accuracy ~p(t}, GMp{l)/J.Lp. and G M1I{t)/J.1n an: described by tbe dipole functiog 

Oo(t):; (l - tI.71)-2 (t in GeV2), the form factor GenCt) is positive but small. The physical 

origin and justification of these equations remain still mysterious. In the noo-«lativistic 

quark models. the densities of charge and spin coincide, and tbe 10% deviations from 

scaling relations arise already at It I =O.l(2mN)2 = 0.35 GeV2• Despite Eqs.( 1.1) are 

useful. simple. and known for many years. they arc considered usually as being 

incidental 

In Sect. 2 we show that in the VMD models scaling ~lations can be satisfied 

~Iy to zerothudcr in parameters O(r~/II\). O(StNN"8caNN). and O(MlJ!Rltt) where 

r t aad ~ an: widths ~ masses of the vector mesons. ~ and ~ coupling constants 

of the .. and.mesons wdb nucleons. and &1'lt mass differences of the CI)- and p-mesons. 

The no-width models are useful as zeroth approllimatrons in constructing realistic VMD 

models for nucleon form factors. In Sect. 3 the p-meson contributions to nucleon form 

fldOl'S are evaluated from the low-energy unitarity. We give the one-dimensional integral 

representations for the Iow-cnergy contributions taking inlo account existence of the 

cikonaI vertex. function in a way consistent with the low-energy unitarity. In Sect. 4 we 

describe the model and compare predictions of this model with the data at spacelike and 

timelike momentum transfers. 



2 

z. Seating Relations iD No-Widths VMD Models 

The electric GEN(t) and magnetic GMN<t) Sachs form factors (N =p,n) are defined in 

terms of the Dirac and Pauli fonn factors by 

G!H<t) =FIN<t) + tF2N(t)l(4d1N2). 

GMNtt) =FIN(t) + F~t) (2.1) 

where I1lN is the nucleon mass. The isoscalar (5) and isovector (v) compoacnt& are given 

by 

Fis{l) = (F;p(t) + FiIt(t»)12. 

FivCt) =(Pip{t) - Fin(t»)fl (2.2) 

(i =1.2). The quark counting ruleS" imply 

FINtt) = 0(1It2). 

F2N<t) ::: OCl/t3) (2.3) 

when t -+ The additional power of lit in F2N{t) occurs due to suppression of the00. 

quark spin-flip amplitude. It follows that . 

GeN(t) - GMN<t) =O(llt2) (2.4) 

when t -. 00. The asymptotic behavior of the dipole function is in agreement with tho 

quark counting rules. 

2.1. Additive representation for Sachs form factors 

In the no-width limit. the VMD expressions for Sachs fonn factors with ~ount of 

the eikonal vertex function pej(t) arising due to summation of tbe soft ...meson excbangcs 

can be written in the form 
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(2.5) 

wbeIe It is the number of vector meson~ wim·diffen:nt ~ blTN are eoefficients of the 

P'I~Ws. ct."., areruidues describing contribution of the t~th meson to the form 

~ I:Id T= ~ • -¥011e~function 

(2.6) 

+- dt' 2.. - 4m2 

iX(t)=.!!. N (2.7)
2 Jto (t' _ t) t,31;t' _4m~ 1/2 

2 2 
. gClll\lN A 
"I :a -_.. -10(1 + -!.). 

8n2 1m. 

m. is the m-mesott mass. At, is a cutoff parameter. We have iX(t) __ oy(l -lnH/n'N2» as t 

...... -. The quark counting rules require feJtl) I: O(JItl) as t -+ 00, $0 Y= j must be integer. 

The! eikonal ix(t) mQ-ea5C$ with t up to ~,. at 1 > '0 Reix(t} = ix(lo - t). . 

The rhrcshold conditions GEN(fo} a GMN<to) .arising from the deftaition of Sachs 

ferm factors. give c:onstraints for residues of tbc form 

~ I I J n II II' m~

L (b~ - bMN)to + L (c~ - cMN) --= O. (2.8)
 

1=00 . m:-toII_I 

For j ~ 1 the quark. countin, rules are ruUillcd. For j =0 (PiCO II I) additional 

CIORSttainU muabe··imposed 

(2.9) 
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2.1. Multiplbtive rq»'W~forSadrs~/at:II:Jn 

on. additive ~ (2.S) can be considered u e'expaasioD of cbe rational 

function 

(1.10) 

over its del'!lelltary ratios. For')OIyaomials p.'FKII + j • i&) of power'. +j - 2 tho quark ' 
counting rules ate fulfilled. 

In oJder to satisfY scaIin&,l'elatioos and dJIaboJd Jda80rJa CisN(to> =OwM<to>. Sachs 
form factors shauJd ~vanish at 'to =4nJH2., &ttactiI.tg ftomtbe polynbmials the fagtor 1 

tI(~. one can write the following tqXeSef1tatio118 

(2.12) 

which satisfy idcnticalIy scaling'tdations. tIuesbold mlations. and - ..GeUI'lIia& 
ndcs. The normalization coRditions for me polynomials litpepa. j. 3<0) • 1 pen.+j .,(fJ)7 

=0. In general case. there are n+j - 3 paramcIlI:ItS (in adelia to masses) fitring the dipole 

curve and n +j - 3 parameters fiUina ~(t). 

The isotopic components can be found to be 



(2.13) . 

The upper and lOwer signs refer. _spectively, to 1·= .... These form factors contain in 

genend extra PQJcs ~ing to mesons from opposi~ isotopic channel. 111 onler to 

elimiD_ these poles, theirn:sidues must be set.equal to zero.. Trivial aolutioaspli4J. +J
3(m2t:) = pEnll. j. im\) =0 wouJdimply thal1ncSOD with mass ,is abseat in the both 

channels. It is necessary. thererore~ to look for non-trivial solutions wbiclt exist if 

±1)=0. (2.14)
+1 

The .determinant vanishes for IDt =~. In such a case ~(to) ¢ 0, ~vcr. We thus 

conclud.e that it is impossible toeliminatc extra poles. 
There iJ stiJloae possibility" In order to ac:cmnpany the VMD model with scaling 

~ it ism:cessary to·assume that 

(i) the num:bI:m of vctQr mesons in !be both cbaIIIIels are equal.
 
(n} these mesons asedcgenemte in mass-.
 

The first assumption is cquivalem to the OZl rule: strange vector mesons are decoupJed 

from the -.strange nucleons. 1ft such a case the isosinglct channel is represenled by the 

.mesons oaf,. Tbe second assumption implies degeneracy in mass of tbe ground and 
exited staleS of the .. and p-mesoas. 11te dccoupling from nucleons and the degener~cy 

imply in tum absence of the ~ mixing. which is ~gain in agreement with the OZIrole. 

The approximate charttetct of the OZI mk n:stricts accuracy of scaling relations by values 

O(~tI&.tNN>and O(~). 

For zero coupling of the ...mesons with nucleons and degeneracy of the t- ~la[Cs of 

Q) and P. the dipole function Gn(t) can be fined with any fixed accuracy: n =3. j :: 0 (?i(t) 

• I). mt= m2 = {71 GcV. m3 .... 2mN. The limit cannot be reached. since equality mJ':: 

2ml\l violates threshold relations GSN(iQ) = GMl\I(to). The model n =: 3. j ::: 0 rredic'ts 

0"(1) • O.Tbe first resonance is identified naturaJly with the ground-slate I·· mesons. 
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The equality m. :It ~ sbould be treated as an evideace for existence of light exited 1


IDeSOBS. In papers6 existence of die candidates with masses in the intetVal 1.1 + 1.3 GeV
 

. ~ reponed (seC also7 and earlier issues of POOl. The third resonance can be identifIed
 

with one of the wen estnblisbcd mesons of Rl8S5e$ 1.4 GeV or 1.6-1.7 GeV; 

It is clear also that for arbitrary set of the meson ma:;ses. C:in(t) em be fitted with any 

pn:eision in tile limit. D -t ... 

The nucleon form factors ~ analytical·functions in the complex t-plane with cuts 

(to. +-) where to is two- or tbtec-pion tbtesbold. The fORD fac:tots can be restored in the 

complex t-plane through dispersion reiation.'i, gi'\'eD that their imaginary parts at tbc cuts 

are known. From the poins of view of the analyticity. tberegion t > 0 (Imt =+ 0) is of the 

extreme importance, s'iace it contains informatiOft about behavior of the form fact.ots in the 

whole complex t.plaoe. 

The behavior of nuc1coa form factors is goVCl'ltld by aeareat siAp1ariIic;s. so in 

isovector channel Wi: dominant effects come from the p-iDCSOA pole. Tlledisp:rsicRa 1IIeary 

based on the analyticity, unitarity, and cr05sing symmet'l'y of tbc scaUlIriItI amplitudes 

gives a possibility to evaluate the low--energy COIltributiOO to tbe discoatimliticl of the 

scattering amplitudes and of the form factors in a model independent way. 

3.1 Unitority r~lation.s for 1JJICleorrtorm factors 

The unitarity relations for isovector nucleon fonn faetol'S F. yCt) aDd ;,.tt) am the 

two-body ones. They can be used for computing imaginary pam or tbc form faetors in 

terms of the pion form factor and the p-wave ttN·scattering amplitudes below the NN

threshold in the Hhannci8• 

The higher parthl! 'vave contributions to the backseattering amplitudes near the two

pion threshold can apparently be neglected, in which case the unitari.ty relations take the 

form l1 
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k 3 

ImF2J.V) =---:r: F Jv}tm,.p(Y,-I)IFJ-v) (3.1)
3xtt 

where k =(1/2 ,. f,12)112, Jl the pion mass, a(s.u.t) .. AC-)(s,u,t) 1(5 - U), AC-)(s,u,t)aod BC

>(s,U,l) are invariant pion.nucleoD scaucring amplitudes whose analytical properties are 

fixed OIl the basis of the double specttat ~on. The function a(s,u.t) is regular at 

s = u, since the amplitude A(-}(s.,u,t) is antisymmetric with respect to the interchange s ... 

u. The bactscauering amplitudesa(v,-I)and 8(.)(v,-1) (c0s8= -I in the r and t<Jwmels) 

as functions of the s-dlannel c.m. momentum squared v are analytical functions in the 

complex v-plane with two cuts (-, 112) and (0. +-). In the back.scanering case t= - 4v. 

The unitarity relations show that phases of the amplitudes and of the pion form factor 

coincide, so the ratios a(v,-l)IFx<v) and (4ma(v,-I) + B(-)(v,-I»)IFX<v) have only the one 

right cut. These ratios are expressible in temlS of the observable xN-scauering amplitudes 

with the use of the one-subtracted dispersion relations 

C-l, - 4x C-) 8;02 v I 
(4mllPCv,-I)+ B\Y.-l»)/F,tv) =-8, +------+ 

f,1 Jl2 v-voFJ.Vo) 

8v1+ -lmf33Cv') dv' 
"3 0 fd'v'(V' - v) FJ.Y·)' 

21t (-) (-) 2vj+ -hnf33Cv') dv'
a(v-I)IF Iv)=--(a 1/2- a 3-\-- (3.2), ~ 2 P P rv 3 0 2 F IV')'

J1 y' (v' -v) 1l\ 

where Vo =-J12 + J.l4/(4rnN2), fZ =0.09 the pion-nucleon coupling constant. (I) = (Jl2 + 
v)1I2 the: pion energy, asH, 8pln(-). 3p3i2(-) scattering lengths, f33(v) the pion-nucleon 

scattering amplitude in the J = I = 312 ch:mnel. The second tcnn in the brackets of first of 

the equations comes (rom the pole Born terms. It is assumed that the pion fonn factor b3s 

no zeros ill tbe cocnp~ v-plane. 

3.2 PiOllfimn/llClor in FFGS mndel 

The Frazer-Fulco-Gounaris-Sakurai (FFGS) nlOdcPUo satisfies analyticity. low

energy· unitarity for pion form factor. and crossing symmetry for the rot-scattering 

amplitudes, providing a simple relalion between imaginary part and absolute square of the 

pion form factor 
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3 k3 

~ Ft/.t)l'-= 1mF.c~~ (3.3) 
. It m~ 

where kp' -= (rnp2/4. 1J.2)112, DIp and r p &be p-itleSOll mass ami wid1b.. ~) =mp2 + 
O(rpimp) the value of the D-function at the origin. This cquaaon is vaJid at·1rJ < 106 0eV2 

wbere the pion fbrm factor falls off lib lit in agreement with the quatkcouatiDg-n.tles. 

From the unitarity relations it follows then rhat imaginary pans of the nucleon form 

factors arc proportional to imaginary part of the pion form factor multiplied by the ratios 

a(v,-l)lFx<v).and (4ma(vA) + B(-)(v.-l»)lflE(v~ and so like in the cue of the lcaon form 

factor I che dispersion integrals can be evaluated explicitly. The pion fotrll factor in the 

FFGS model has no zeros in the complex v-pIaoc. so the pole umns in Eqs.(3.2) do not 

exist and the dispersion relations R valid. 

3.3 How to treat eikonal vertafunction keeping low...",WJitmiry? 
7 

In nucleon form factors. however, there is an additional cut start.ingfmm the two

nucleon threshold. We wish to take into account it explicitly assuming die cut is 

determined by the eikonal vertex function (26). In sucb'a case. the low"CDCI'IY unitarity 

relations and dispersion relations should be written for the ratios Fjv(t)IPi(t) in whida the 

cut at t > to no longer exists. 
In the no-width limit. the right sides of Eqs.(3.1) lIIe proportional to act -lllc»2). aDd 

so in the one-pole approximation the unitarily relatioos for PIJt)lP.i(t) tate the form 

(3.4) 

where Cty are the p--meson residues. The factor JJFei(~2) is absorbed by the.msidues. 

The p-meson contributions to the nucleon lonn factors can be evaluated ill the nOo-width 

limit with the use of the dispersion relations to give . 
. . 2 
J-t-I I 1m. 

Fi.At)={ I. biJ +Ci+lpe\t) (3.S) 
1.0 m - t p 

The degree of the polynomial is determined by the quark countiag rules. n.: res__ COw 

can in principle be computed. whereas the coeffICients hi" I are free parametI:l'L 
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Tbe effects of the r-mite width can be taken into 8CCOUIlt by expaDdiDg pU(l) in 

powen of(t - mp2) up to O«t -mp2)Z) in terms lmF'<t)lPi(l) enterinI the right Bide of rhc 

uoialrity rdBions. We define 

where "H(v). pei(vp) + PJ('l/p}'(v - vp) + Q.5P'i(vp)"(v - vp)2, '11\ and "2 are rootS of 

equation H(vJ):: H(Yl) Z O. VI =V1·~ and m,,2:: -.4vp• Notice that ImRp(Y) I: 

ImFll(v)JH(v). 

1"be function R,(t) is analytical function ill the complex t-plane widJ aaJl (4t11 ). 

In general casc Rp(t) = O(l/t) as t -. ... In !be no-widlb limit. FJt) = fDp'l.J{m,2 - t) ... 

~(t) = FJt)/FCJ(lDp2). 

Tbe UDitBrity rdatioDS c:annow be wriuen in die form 
3 " 

~~j, kp ~ (-) 27Cf" v 1b(FtJvpr "v)} =_D(O)ImR.~IY -as +----+ 
3mn~p" p". p.2 Y -voFJ,vw 

2v f+ -1mf3~V') dv' 
3Jo .'v·(v· -v) FJV'»~ 

3 
. k p . (0) c-)

Im{F2JY~'V)} =-D(a)2mJmR,tvX1t(&f1l2-a;Snl+ 
3aa>"p

!.f+ -m.r3~Y') dv' )" (3.6) 
3 0 y.2(y. _ y) F,lv') . 

The aueIeco form t.Gtors ill 'tbc dispersion theory bave aormaIIy twoodi'll"D"i«JDal 

intcpJ ~presefttations. The first ~ comes from the dispasioa ldadoa lot !be 

nuclcoo fonn factors. while the second ODe comes from the dispersion IdmoR far Ibe 2IN

scattering amplitu~ through Eqs.(3.2). Using Eq.(3.3) and analytical tiel at ac 
intqtands in the complex v-pI_. it becomes possible flO ev....oae· exp1ic:idy. 

as a result ofwbidl-tbc onc-dimaWooal iatepal iqB'CItldtIltiGns e--tIecIeriwd: 
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In the JII)owidtb limit, Eqs.(3.7) tate the fonn of Eq.{3.S). 

la dcrivatioD Of Eqs.(3.1) following ideas are combined: (i) low-energy unitarity, 1:,.

(li) PF(iS modd for tbe.pion form-fattor, and (iii) existeace of the eikonal vertex. 

function. 

1'be onc-etimensional integral fCprcsentatiOf'ls (3.7) simplify treatment of the p-meson 

coouibution to nucleon form factors. In particular, it becomes evident that asymptotics of 

the DOa-polynomia! part is determined by and the same as asymptotics of the function 

Rp(l). In representations (3.7), there are no restrictions with respect to t for validity of the 

quark counting nUC5. while in the WGS model such restrictions exist. 

. We thus demonstrated that the p~meson contribution to the nucleon fonn factors can 

be computed ~ a model independent way U5ing the experimental data on the phase shiels 

of dle mt- and 1tN--scatterings. The mt:..scattering phases enter Eqs.(3.7) through the pion 

form factor. In isoscalar channel, the unitarity conditions are much more complicated, and 

SO this channel should be treated more phenomenologically within YMD approach. 

11Je final-state NN-intcraetioo is important at sufficiently high t (in compari~ with 

the l'Cgion just above the two-pion threshold where th~ low-energy unitarity is exact). TIle 

high energy .cuts in the nucleon form faclOrS insert in estimated based on the low.energy 

unitarily 3ndthe,dispcrsion relations ambiguities which should be controlled .sc;paralety. 

We I5sumedthe~~se(v.-l)IFll(v)and (4ma(v.·l)'" BH(v.-l»)/FJr(v) arc regular at ., < .:. 

- p,2. The sam~ sug~St~ roTlhe ratios a(v.-l)/(F.(v)Rp(Y» and (4ma(v.-1) ... B(-)(v•• 

J)}!(F.(v)Rp(v» is. however,.equally well ju~ified. 
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4. The Model 'aad. aesuUs 

The low-eacrgy unitarity in isoveclOr cba.ond is effective for computing rhep-1llJ:flOO 

contribution to nucleon form factors. These computatiofts arc in excellent qualitative 

agreement with VMD models. However, the JHl1CSOI1 coose is exceptional one. In isosinglet 

channel the low-energy Uh1UU'ity relations are already tbrec-body ones. and so they are not 

so effICient like for the p-mcson. The Q)omcsoD contributions to nucleon form factors 

should be treated in me spirit of VMD models. The higher radially excited Sbtes of the 

vector mesons can also contribute to imagit'lary parts of nucleou form factors. 

A suggestion that the rati\)~ a(v,-l)/Fw;(v) and (4mu(v.-1) + B(-)(v.-l)}lFs (v) 

represent slowly variable functions is equivalent to a bypodlesis of the.p-mesoft domiaancc 

in tbe nN-scattering amplitudes, since the pion form factor is detennined by ~ p-meson 

pole. In this approximation 

(4.1) . 

wbae el. are "residues". Tile p-meson coDttibutioas .10 audeon form factoJ!s QIl be 

recC1llfl'USSCd fJom Eqa.(4.1) usiDg the 4isper&ioD ~ 

FiJt>=if1b:JI+CiJt~~t). (4.2) 
1=0 

The function Rp(t) is essentially detennined by the p-rneson polo. AssumiDa the dle p.. 

meson dominance for the rtN-scatle(iag amplitudes, we R:produce the ,..meson ~ 

for the nucleon form factors. Tt", lOw--energy unitarity allows thcn:fon: to juslify 

qualitatively the p-meson dominance. It gives also predictions for the p-mesoo msidues 

civ' The representation (4.2) is appropriate for extensioP of the p-mcson domiDance to 

other vector ffie$OD&. 

4.2 VMD mot:kl for nacuon form factors 
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We coDSidet she model discussed in Sect. 2 as a zerot!l··~DaD1O'1y,.DO 

strange mesons are introduced ~ :; 0) and tbcnUmbers of almos1 ~. 8Dd~' 

mesons are equal. The nonstrange. and p-meiODS with ~ l.2SGeV ereof'" 
inclw'cd10 the fit for &aSOn5 explained ill Sect. 2.n.nepn: ""I.1alic:M for #Jo'.1IIJCIeaa.fonD 

flCtOrS ofthe fclInQ 

(4.3) 

~ntsa natural extmsioD ofEq.(4,2). The k-tb meson contributiotr to the fonn factors 
. looks like the contribution of the p-omesoa for' the C:On$tant ratios e{v.~I)IFX<y) and 

(4m«(v,-l) +B(-}(v.-l»)/F'<v). nc funcriol'ls Rt<t) are defined like the function RpCt) 
witb the substitutioDs·mp. r p ..... mlbIk' The p-~ is treated scpatalely as described in 

sect. 3. 
mthe no--widdIlimitdleiUftdioos ~t) havcmonopole:fonn. NOOcc smoodmessof 

the DO-widrh limit. Itensun:s tho existence in model (4.3) of solutious satisfying scaling 

reJIlti()l1S w~th precision O(TtImll + O(Alnr'lDtl) and givea therefore an opportunity to 

avoid ofdoing a biack fit 

. We fitted rtnt the eXJJerimentaJ data at t < 0 using tile Ample polyftomial 

parametriutioos of S<-..et. 2. Intbis way several models have been selected: with n -= 3.4, 

and Sand j = 2, 3. We then <:Olltinuedseatehf'or the realistic models, capable of 
deseribing the data at t < 0 and t > to. within that restricted class of the models. 

Table t. Ma$se.'l and widlh$ ",r the mesons (in OeVl. 

k r 2 3 

.mesons 0.78 - ie.OI l. IS ... iO.IO 1.39 ... iO.22 

~mesons 0.77 .. iO.IS 1.25 - iO.20 1.50 - iO.24 

One .of the simplest models is the model.with n = 3 and j = 3. The OlNN coupting 

<:on5tant for j :: 3 and ~ :.: 2rum can be evaluated to be. $2coNNI(4J1) =12 in quatitat.ivc 

agreement with the NN--Gcauering data. The meS8D masses and widths are shown in Table 
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1. 1'beftrataDd tMJBstt1llD.....__ well ClIltIIbIisbod. tbeitperiilDDtCtlue caua from 

PDCJI~ 11le~fat~mdia__pairofmestlDS is SIIQaIly auppodecl by 

me tiL 

TMleZoT1llo _. ''''if_ : ,,__._.......... ctrl'.
 
,it Is Iv 2s 2v 

, buG ·(US 0.90 0-21 ..().10 

ent O.Z8 UJQI) 0.29 2.{)()I) 

Ci~ 4>.99 2.09 0.69 -4.74 
Cn' 0.77 -3.89 -1.59 S~19 , 

.~ lllld&ipIiors t4 d)e ~ of EqI.(3.1). 'I1Ie coatIitMdioIlto __ ft.,(t)iaIi.,......., by """"'8p.O.1), .,.......... to_ ~c) .....,bythe
 
lIIClOIIdaaelllU1ltplied11 alacrot two. . 

We hIYe DOt bad $UfIiclemly good fit with the p-mesotl CODlributioD to the F2dt) 

gi¥CDby liq$.(3.7) and ~ it by a factor two. The estimates (3~1) CIB iD ~ be . . 
improft4' by ineJ.tJclin& the higher partiai waVf$ to tile t-dlaancl backsc:atteriDa JCN

ampIi&udeI. 
TIe coefIicieIUs of..polynomials and vaIua ofthe...~li*diATab1e 1. 

1'IJe lOOdd curves toptba'witb the experimental data an: sbowu in Pip.1-2. 1be . 
~ vaf.uellGeN(t)I aod fGwN(t)lare cmacted from diedataa , i1t4mcf2assumi1lJ 
ocpII1ity fGeH(t)l-lGriIMCt)l This eqQ8Iity is correct at btwo-DUC1c:oA dnsbaId aDd DO 

1 18 1.1 1 .. 
,Gz.,{t)lGgft) 

1 

u 

~~-----------I 
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2 1.4 
~(t}/}J-iGrJ(t)15 

L21 

as 1 

• . La .as 
-I U 

1 la «1.1 1 18 

J 

U 
fA .& 

u '.4 
l.z 

1'fI,.2. ..........~.t~'o-11Ie~"""""'IGEN(.)I_KiNN(t)l..~
 

.............If.iIN(lJ.~
 

1aDa- vaJi4--die thtullotct.1A the fit praented b:A, -= did dOl pose Ifty~ 

for.... fonD flClOfl. It is teeD from F"1g.2 that splitting between !GEN<t)l and tOwMt)l 

sorneCima eu:eeds the uperin'Jclnl CJ1'OI'S" In ¥iew or &bcse unccttaincieJ.. it is RIOCe 

.-bleID rll 4insetty ct'OI6 scctiofts;, .ftOt the..CldI1CtI:d with .. use oldie crude 

auumpcioe 1OaH(t)l-IGN,.(t)l'lbe !aUks- of 1UCh. procedure.ill be repotte4 

etsewbeftlt. 

.t • 
.12 11 4.2 ..., U 53 :u 1.7 U 4.7 U 

VCev2 . 
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We did n<:: try to p:producc t:be fast ~ form factorbebavic:ll'.. Tbe.,...flQiat 

at t = to is .rally very specific one. It refers to atmibilatioD of ~.at tat. ItmeaDi 
that the stoppell antiproton is captured by tbepiown to form a ~ a&om. Tbc 

antiproton. capture is accompanied by the X-l'8y ladiative tnIDSitioD ro JDwerCIaIY levels 

and finally by annihilation of the antiprotoQ. The amribilation IOCS mD die subtbrcsbold 
The nucleon fonn factors contajo o.mov's faclor which describes 1be CouIombGfecls. It 
bas poles correspoDding to the bound states. The DUC'ecm fOrm tacton lb. have 

complicated comb-like stn1CtU1'C ~ below the tluesboIcL The lowest pole rats althe 

ground pP:atom state. while t == to is a poiat of accumulation of Ebe linguJaritia. The 
meaning of the experimental form factor value at t = to is 1lOl1l'lrlSpal'eJlt These poles-= 

shifted to the lower half-plane. me sbifta are detamined. boIb by .~ IIld 

srrong iDferactions, so tbctnudeon fOrm factors me II«produdsof tileoIccU(· ,.,..ad 

strollI puts. 

We showed-that scaling relations for SIlCbs lorm-fctms CIa be'Sltillfied~ 

in the no-width VMD model for zero couplitlgs of tile ...meaoaswidl AUCIeoas aad 

degeneracy of the 1- staIC$ of the ... IUKl p-ow:sons. Using this madcl as a zemch· 
approximation. we c:onstrueted me VMD model desaibiDg sua:essful1, the experimeatal 

dara 11 spaceJikc and timc~ momentUm·ttusfas. This model taka iIdD IICCOUDtfiDite 

meson widths. correct analytical properties. and quartO cou.DliD& ndes. The p"aesOD 

contributions to rwcloon form factors .. <:oauoIled with tbc ..of dlelow.....,ru 
unitarity. however. we found it nec::essary to iucreue &be,.._C'MIlCiIMV-·tD~t) in 

com.parisoD to the csU1JJ8 (3:7). 

I am indebted to the dila:lDratc oftI'EP and dle{)JpDiziqC~_tiDaDciIl 

suppon. 
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