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; ,, El • 7756 E~neHbKaSI C.H., EaneHbKHH C,M., Ka3apHHOB JO~M., 
nanHAYC n,H, . 

8neKTpOM8I'HlfTHb!H !jJopM!jJaKTOp npOTOHa H TSl>Kenbie .ranoTeTH'leCKlfe 

qaCTHUbl 

npoaHanH3HpOBEtHbl 3KCnepHMeHT8nbHble A8HHbJe no ynpyi'OMY e-p 
pacceganro. HaiiAeHbi npoCTbie nonrocHbie napaMeTpa3auna !jJppM!jJaKTOPPB, ncr 

3BOnSliO!lllfe onHC8l'b BCe lf3BeCTHbie ASHHbie, 06cy>KAaeTCSl BOI!pOC 0 B03MO>K

HOM anaSlHHlf Ha ~OpM!jJSKl'Op I'HllOTeTlf'leCKOI'O TSl>KenOI'O rnrooaa, 

llpenpMHT 06be,!IHHeHHOrO MHCTMTyTa R.llepHbiX MCCJie,llOJ;SaHMI. 

,lcy6Ha, 1974 

Bilenkaya S,I., Bilenky S.M., 
Kazarinov Yu.M., Lapidus L.I. 
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The Proton Electromagnetic Form Factox: and 
Heavy Hypothetical Particles 

The experimental data on e'-p elastic scat;tering nave 
been analyzed. Simple pole parametrizations o~ form factors 
have been found which make it possible to fit all the data 
available. A possible influence of the hypothetical gluon 
on the form factor is discussed. 

Preprint. Joint Institute for Nuelear Reeeareh. 
· Dubna, 1974 

{[J/974 06'bedUHeHiH>IfJ UH~111U1fljM Jlc}epHbiX UCC/Iec}oeaHUU ,4y6Ha 

~·.~ ,l 

. . 
This note presents the results of analysis of all the 

published data on electron-proton elastic scattering. The 
analysis started in papers/I-3( is now continued. 

The lab.system differential cross section is as follows: 

2 20 
. ·da = a cos T . . x 

· dn · 2 · 4 o 2E . 2·o 
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(1) 

Here E is the energy of incident electrons,! 0 ·is the 
scattering angle, q 2 the transferred momentum squared,. 
G M ( q 2 ) and G E(q 2 ) the magnetic and , electric proton · 
form factors. In parametrizing the form factors we are 
based on the dispersion approach. Froin dispersion rela
tions in the vector dominance approximation it ~ollows 
that form factors are r_epresented by a sum of pole terms, 
the appropriate poles being equal to the vector-meson 
masses. ~hen the known vector mesons involving p' -me.-

. son are taken into account one cannot fit the data on 
· electron-proton elastic scattering satisfactorily 141 . · In 
paper / 2 / it has been shown that the data on e - p scatter'-
ing can be described if for the form. factor G M/ 11 ( Jl 
the proton .magnetic . moment) one takes the following 
expression: 

3 



1. ·. a3 l_.a3-
-G. = + , 
fl. M. i+a1q2 1 +a2q2 

(2) .... 

where all .the quantities a i are fitted parameters. Note 
· thaf eq. (2) is a natural generalization of the known dipole 

formula · · · 

: 2 . 1 2 
GD ( q ) = ( . 2 ) ' . (3) 

1+~ 
0.71 

{:... 

which approximates 1.. G M .( q2 ) well in. the range of · 
/.L 

small q2 (q2 ~ l(GeV/ c)
2 

) .· . , 
Recently ·the· final data or' th~ SLAC group 151 have 

been published on the e-p -elastic- scattering· in a large 
interval.of. q2- fro'm 1 to 25 (GeV jc) 2 ... We will present 
the results of analysis of all e-p . data involving the 

1 . . -. 
latter. ones. For the form factor -;;G M we will adopt 

the · param·etrizat_ion- (2). Also we will assume that the 
·· form factors G M ( q 2) an~ GE(q2 ) are conn·ected by 

the scaling relation:.>.· · 
' .· -· 2 . 2 

.GM(q )=f1.GE(q ) .. 

By maklng use of the s~me 'niethod.as in papers
11

•
21 

obtain the fol~owing values for parameters: 

a
1 

= 0.71±0.02 (G'eV/c)-
2 

(4) 

we 

·a 2 :::2.15 ± ·0.06.(GeV/c)-2~~:;:: . '(5) 

,.,. · a = ...:0.51± 0.05 ·. 
3 . 

~:. 

x2 400 
Here ;;;--= --

X2 320 
. From (5) we ha,ve 
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= 1.19 ±0.02 GeV 
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.. Thus; one of ·the poies of eq. (2) is close to the value of 
the (-meson mass, :the second to thatof the p -meson 
mass. · · ·. 
. .. When the parametE~rs.a. were deffned, normalization 
fac'tors /1;2/ (fittedpara:D.'eters) were 'inserted into the 
functional x2 • · These fa.ctors are connected with the pos.., 
· sible systematic errors*. . · :· . · · i·. . - --

w~ have separately.cex~mined also .the data of p~pe.r151~. 
This. analysis. provides the following. v~l\}es 9f. the par·a-. 

. . meters: : . . .. . . . . 
' . . . -2 

. · a 1 = 0.81 ± 0.07 ( Gf!V/c) . 
,. - _, 

a 2=2.08 ± ~.14(GeV/c}-2 (7). 

a3 ~ :..:..0.6?.± 0.17. ~· , 

Ne~t;we rewrite eq. (2) in the following way: 

1 . . ·1'-aa 2 .. · - GM = . , J..;.. __ . -- ·, ' (8) 
/.L . (1+atq 2)(1 +a 2q2) 

. where 
. . 

. a.,;a3 a2 + n:-a3)~1 (9)' . 

From (5) we get 

a = 0.0.2 ± 0.02 ( G~V )-'?' (10) 
~. 

·' 

The parameter a is small. If, however, one puts in (8) 
. the. p~rameter a equal zero then a~satisfactory description , . 
of the. data can be achieved only for · q 2 :::.. 5 (Ge V 1 c) 2 . · The · · 
parameter. a ·is necessary to give correctly the-behavi
our of form factor in the region. of large q2 ~The question 
naturally arises whether the term _(l-aq2) of exp. (8) is 

~y-'. 

-------------------------* The values ioimd for the normalization· factors are 
the same as in ref./2/. 
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a result of an expansion· in q2 of the following expression 

1 
(11) . 2 . 

1 +a q · 11 
-· 1 /2 . 

From - (10) .we find that (a) = 7 ± 4 GeV. That the 
factor. corresponding to a particle with large mass must 
be included into the nucleon form factor was discussed in 
paper 16 1 and recently in paper / 7/ • In refJ6 1 the 
co~responsing parameter is connected with the heavy 
photon discussed in p'aper /B/. In·paper 17 I the parameter 
(1/a)~ is interpreted as the massofaheavy( -H)GeV) 

particle sticking together partofis within · a ·nucleon 
(gluon)~ 

· We have analyzed all the data on e-p elastic scatter
ing taking for the form factor the following expression: 

1 2 . 1 
-G (q) =------ (12) -
112M (1 +hlq2 )(l+h2q2)0+hq2) 

At L = 384 the parameters b i are found to be: 
320 x2 
h

1 
= 0.61 ± 0.03 (GeV/c) -

2 

I -2 b 
2 

= 2.31 ± O.<Xi ( GeV c) 

-2 
b =0.04 ±. 0.004("GeV/c) .. 

The corresponding "masses" are equal to: 

~ 
(f) = 1.28 ± 0.03 GeV 

Y2 
( ~ ) • =0.67 ± O.OFGeV 

~ 
( ~-) =5.00 ± 0.22 GeV. 

. . . '. .· /5/ 
Analysing the data of ref. we get 
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. -2 
b 

1 
=0.65 ± 0.07 (GeV/c) . 

. b =2.33 ± 0.15 (G~V/c)~2 
2 . 

b = 0.04 ± 0.01 (GeV/c)-: • 

(15) 

In Fig. · 1 the functions · G M ( q
2 

) are plotted for the 
. llGn(q2) 

two form factor parametrizations we have considered. 
The curve I ((II)) correspOnds to eq: (2) (eq. (12)). As is 
seen from Fig. 1 ~e curves differ only in the region _of 
q 2>_ 20 (GeV jc) 0 .Thus~ the analysis performe?6 in;li
cates that the important problems, raised in papers '

7 
, 

about the influence of heavy hypothetical particles (heavy 
photons, gluons) on. the proton electromagnetic form 
factor require studyilig of the e-p elastic scattering at 
large momentum· transfers. Note, however, ·that the data 
available do not contradict the hypothesis on the existence 
of such particles. 
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