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The differential cross section for scattering of electrons on protons that possess a dipole 
structure is derived by a direct calculation of the matrix elements, initial and final longi
tudinal polarizations of the particles being taken into account. The cross-section correc
tion, calculated under the assumption that the proton has dipole moments (electric and 
magnetic ) , can be invoked to explain the discrepancy between experiment and the generally 
accepted phenomenological model of the process. 

THE latest experimental data obtained by the Hof
stadter and Wilson groups [t-3] apparently lead to 
the conclusion that at large momentum transfers 
q ( q2 > 30f-2) the Rosenbluth formula [4J for the 
electron-proton scattering cross section is inade
quate for the interpretation of the experimental 
results. The experimental cross sections clearly 
exceed the theoretical ones, calculated by extra
polation of the values of the form factors to the re
gion of large q. This excess may be due to the 
large contribution of the two-photon exchange [2•3]. 

On the other hand, assumption that the proton has 
an electric dipole moment also leads to a correc
tion which, in principle, can explain the difference 
in the cross sections. 

We calculate below in the Born approximation 
the differential cross sections for the scattering 
of an electron on a proton that has a dipole struc
ture along with the ordinary structure, for cases 
when the initial and final polarizations of both par
ticles are fixed, when only the initial polarizations 
are taken into account, and for unpolarized par
ticles. 

When polarizations are taken into account, the 
calculation of the scattering cross section, deter
mined by the formula (see [SJ) 

dcr/dQ = a2pq-4J M J2, 

is based on the use of the covariant procedure of 
direct calculation of the matrix elements M [6], 

and not the squares of their moduli I M 12. For 
the process under consideration, the matrix ele
ments M are written according to [6] in the form 

(2) 

where (compare with [7]) 

rp. = Yp. (fl- if2q- faC/Ys) 

is the vertex operator for a proton with non-point
like charge, and distributed magnetic and electric 
dipole moments, where 

while 

are the projective dyad matrices [a], which deter
mine the initial states of the proton and the elec
tron; S and S' are the transformation matrices 
of the Lorentz group representation in bispinor 
space, realizing the transitions from the initial 
state of the particle to the finite state of the par
ticle with account of the variation of the four
momentum ( - P2 - - Pt> Pi - P2 ) and of the spin 
variable of the particles ( r 2 - r 1> ri - r2) [6]. 

We confine ourselves to the case of longitudinal 
polarization. In this case we obtain for the proton 
(in the c.m.s.) 

A.'(- P2) s-l = 4;::2 (e2J pI+ PoYs+ XYsY4) 

(4) 

and for the electron 

(5) 
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where 

d = d (el> e2) = 1 + e1e2s1s2, d' = d (e~, e~), 

and where Eto e:i, e:2, e:2 = ± 1 determine the signs 
of the spin projection on the directions s 1 = p1 /I pI 
and s2 = Pdl P 1. 

After simple calculations with account of (1)-(5) 
we obtain the following expressions for the 16 dif
ferential cross sections corresponding to all pos
sible combinations of initial and final electron and 
proton polarization: 

I M •. •; •· • 12 = f.t2f~ (P2 + PoP~) 2 , 

i M,, -•; •. -• \2 = V 2 {ft hl-1 (P2 +PoP~) + 2p2 l + 4f2XP2}2 , 

I M · · \2 = ~-tvfix' 2P~. 
E~o E1; Et, -E.1 

+ 4f~P2 (P2 + PoP~)2}, 

I M '. , 12 = v 2 {x'2 [(ftx - 2f2p2)2 + 4f;p2p~]}; 
Et, E1, -E~o -E1 

f.t = 2 cos2 (-tt/2), v = 2 sin2 (-tt/2), '11 = v/f.t = tg2 (-tt/2), (7)* 

where J is the scattering angle in the c.m.s. 
It follows from (7) that the influence of the 

anomalous magnetic and electric dipole moments 
of the proton on the scattering cross section mani
fest itself differently for different initial and final 
particle polarizations. 

In summing over the final spin states of the pro
ton and the electron, we find 

dq,ms ±/dQ = a2 [2p2v (Po+ p~)l-2{\ m l!ms=t= I m !~ms}. (8) 

where 

I ~l!mi" 2v{ fi ['11-1 (P2 + PoP~) 2 + (p2/v + x2x'2 ] 

+ 2f~ (p2)2 [f.t (Po + p~)2 + v (2x + x'2) 1 

- 4xftf2P2 (x'2 -vp2) 2f~P2 [f.t (p2 +PoP~) +vx'2p~]}, 

I m ~~m~ 2v P2 {fi (2p2 + f.tPoP~) 
(9) 

It can be readily verified that when f3 = 0, the 
scattering cross section obtained in this way agrees 
with the known formulas [5, 9]. 

*tg =tan. 

We note that the presence of a dipole structure 
in the proton makes no contribution to the polari
zation correction "'I m 12 [see (9)] if only the ini
tial spin states of the particles are taken into ac
count. This can be used to observe the character
istic behavior of the dipole moment in the experi
ment. By making two measurements of the cross
section difference da_- da+ "' I m 12, we can deter
mine the values of f1 and f2. Substituting them into 
the formula for the cross section of the unpolarized 
particles ( "' I ~ 12 ) and using the corresponding 
experimental cross section, we obtain f3• 

In the laboratory frame we can write for the 
scattering cross section of unpolarized particles 
as K' - 0, with account of (3), 

dcrlab= ct2Plab\ ~ \2 }=(__!!:__ ) 2 cos 2 ({} /2) ( 1 + 2p~o . 2 .!_)-t 
dQ 4 t lab 2 ' sin4 ({} /2) x Sill 2 

qhl ~ . 

xki + 4~~b[ 2 (Ft + ZF 2) 2 tg2 ~ + (ZF 2) 2 + (J.,F3) 2J}. 
It is easy to see that when i\.F3 = 0, i.e., in the ab
sence of dipole moments in the proton, formula (10) 
coincides with the formula of Rosenbluth[']. It fol
lows from (10) that at large values of q the form 
factor i\.F 3 makes a definite contribution to the 
scattering cross section. 

At small values of q satisfactory agreement 
between the experimental data of Hofstadter et al. 
and the Rosenbluth formula indicates that i\F 3 is 
small. Assuming that the foregoing divergence of 
the cross sections at large values of q is due only 
to the dipole structure of the protons, we can es
timate i\F 3• A preliminary estimate on the basis 
of the employed data of [3•10] shows that when 
q2 = 30r2 the value of i\.F3 is on the order of 10-2. 
Taking into account the experimental error, one 
must approach this value of i\F 3 with some cau
tion. In addition, it is necessary to bear in mind 
that corrections of a different physical origin to 
the scattering cross section are also possible. 

The appearance of a form factor connected with 
the dipole structure of the proton in the formula for 
the cross section necessitates a corresponding 
modification in the procedure used to determine 
form factors. Rewriting (10) in the notation of 
Hofstadter [lO] we have 

doj(dQoNs) = a11Fi + a12F 1F 2 + a22F: + aaaF;, (11) 

where a33 = ti2q2A.2/4M~c2. 
It follows therefore that in order to find the 

three unknowns F1, F2, and F3 in the cross sec
tion (11) we need at least three experimental cross 
sections (for the same value of q2 ) . Further, in 
place of the intersection of two ellipses it is nee-
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essary to consider the intersections of three ellip
soids. 

It is important to emphasize that unlike a 11, a 12 , 

and a 22 , the coefficient a33 does not depend on the 
scattering angle J. for a fixed value of q2, which 
may be useful in the determination of the specific 
influence of the dipole structure. 

The authors express deep gratitude to F. I. 
Fedorov for guidance and for great interest in the 
work. 
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