


ElL - 7756

S.L Bllenkaya, S.M. Bllenky, Yu.M. Kazarmov,
'L L Lapldus | -
' THE PROTON ELECTROMAGNETIC

,FORM FACTOR
- AND" HEAVY HYPOTHETICAL PARTICLES

' Submitted to “IMucbma B KIT”

......

Q% bepicuHe DHCTERYT
HECFALX DCcnenoranad -
BUBIMOTEHRA §




" Bunennkas C.U., Bunenwxnit C,M., Kasapuuos I0.M., El - 7756
JNanuayc JLU, . .
3nexkTpoMarHuTHHIR dopMpaxTop NMPOTOHA H TSHENLIS .-TCHIOT@THYECKHE
; yacTHUpl

IpoananuaupoBaHEl SKCHePHMEHTANbHble AAHHBIC IO YIOpyroMy €—=p
paccesunwo. Hafinens NpocThle MOMKCHHE NapaMeTpa3auth dopmpakTOPOB, MO—
apoNsOIIKe ONMCATH BCE H3BeCTHHe naHHble. O6CYXaaeTcs BONPOC O BOIMON=
HOM BIUMSHAM Ha (opmbakTop FHIOTETHYGCKOr'O TSIKelloro IJIlooHA, I

Tpenpunt O6bEMMHEHHOr0 MHCTUTYTA AAEPHBIX uccaegopatni.
‘ Ny6ua, 1974

Bilenkaya S.I., Bilenky S.M., El - 7756

Kazarinov Yu,M., Lapidus L.TI. C

The Proton Electromagnetic Form Factor and
Heavy Hypothetical Particles .

The experimental data on e—~-p elastic scattering have
been analyzed. Simple pole parametrizations of form factorg
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. - )
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' This note presents the results of analysis of all the
published data on electron-proton elastic scaftering. The
analysis started in papers'_’-l—3/. _is now continued.

The lab.system differential cross section is as follows:
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Here E is the energy of incident electrons, 6 ‘is the
scattering angle, q2 the transferred momentum squared,.
G,M(q2) and GE(q2)' the magnetic and electric -proton -
form factors. In parametrizing the form factors we are

_based on the dispersion approach. From dispersion rela-

tions in the vector dominance approximation it follows
that form factors are represented by a sum of pole terms,
the appropriate poles being equal to the vector-meson
masses. When the known vector mesons involving p’ -me-

“son are taken into account one cannot fit the data on
- electron-proton elastic scattering satisfactorily Y In

paper “ %’ it has been shown that thedataon e—p scatter-
ing can be described if for the form factor Gp/ (e
the proton .magnetic . moment):one takes ' the- following
expression: - . : -
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where all the quant1t1es a; are. f1tted parameters Note )
- that eq. (2) isa natural generahzatmn of the known dipole

formula
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wh1ch approx1mates 1 GM (q ) well in. the ‘range' of -
k - et

~smallq (¢ <1(GeV/c) )

‘Recently the’ final- data of the SLAC group/ 5/ have

been publ1shed on the e—pTelastic” scattering in a large
interval of . q2—from 1 to 25 (GeV/c)2 -We will present

o the results of analysis of all e—p data 1nvolv1ng the

latter. ones. For the form factor l—G M we w1ll adopt

the “parametrization- (2) Also we w1ll assume- that the -

" form factors Gy(q?2) and - GE(q ) ~are connected by
the scaling relation:. - .- .
G (q2)=,LG (q ). ‘ 4)
/1.2/

By makmg use of the same method as 1n papers S “we
obta1n the followmg values for parameters S

a1 - 071+002 (Gev/c) ™

2 =2 15+ 006(GeV/c) e N O
H‘ere _ﬁ_ 400 F ’5 i
e SE T TR crem@welwe oo
b7 ~1192002Gev (L) 7 -0.68 £001Gev.
1 : 2 S

G(q)—(-——j—x, @

»

- factors /1 2’

"'s1b1e systemat1c errors* R

We have separately exammed also the data of paper o
~This..analysis. prov1des the follow1ng values of the para-\

P

Thus, one’ of the poles. of eq. (2) 1s close to the value of
. the P’ -meson mass, :the second to that of the p -meson
mass.

_When the parameters a; | were def1ned normahzatxon.
‘(fitted parameters) were inserted into the -

functional x ‘ These factors are connected w1th the pos-

/s) *
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Next ‘we rewr1te eq. (2) in the follow1ng way ‘
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: From (5) we get

a=0.0‘2 ooz(GeV) o o (10)

-

The parameter a is small If however one puts in (8)
- the parameter a equal zerothenasat1sfactorydescr1pt10n

of the data canbe achievedonly for q2<5 (GeV/c) - 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 a- aq2) of exp. (8) is-

* The values found for the normal1zat10n factors are o
the same as in ref. :
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a result of an expansion‘in g2 of the following expression
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From -(10) we find that (4)" = 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 // and recently in paper /7 . In ref./6/ the

corresponsing - parameter is- connected with the heavy

photon discussed in paper. /8/Inpaper /7/ the parameter
(1/a)/2  is interpreted as the massofaheavy( ~10GeV)
particle sticking together partons within® a nucleon:

(gluon). e
-“We have analyzed all the data on e—p elastic scatter-

ing taking for the form factor the following expression:

1
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At _X:__:% the parameters b; are found to be:
y .

b -061¢ 0.03 (GeV/c) =

b, =231t 0.06(GeV/c) ™ as)
b =0.04 + 0.004(GeV/c) .
The corresponding ’’masses’’ are equal to:
(1)_) - =1.28% 0.03GeV
(DT 067 foorGev. L)

1 Y
v_b) =5.00 + 0.22 GeV.
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Analysing the data of ref. / we get o
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b, =0.65%0.07 (GeV/c) - .
b =233 9.15 ‘(‘G’e,vl/c) T (15)

; - R L
b =0.04 £ 0.01(GeV/c) .-

| R Gy ()
o R . 'I{GVD(qz) y
two form factor pzii‘ame\triiations we have considered.
The curve I ((II)) corresponds to eq. (2) (eq. (12)). As is
seen from Fig. 1 ’tzhe curves differ only in the region of
q2> 20 (GeV/c)” .Thus; the analysis performe%i?}ii-

In Fig. 1 the functions are plotted for the

cates that the important problems, raisedin papers
about the influence of heavy hypothetical particles (heavy
photons, gluons) on: the proton electromagnetic form
factor require studying 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. - Lo - o '
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