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The differential cross sections for the scattering of high energy electrons with charge and mag
netic moment distributions are computed taking into account initial and final longitudinal polari
zations. A simple method for determining the electron form factors is presented for this case 
as well as for the case where only the initial (final) polarizations are fixed. 

IN connection with the preparation of an electron 
scattering experiment with colliding beams of high 
energy, [l,2] it is of interest to take the anomalous 
magnetic moment and the possible structure of the 
electron into account phenomenologically. Baler [ 3] 

has computed the cross section for unpolarized 
electrons in first Born approximation, taking into 
account the charge and magnetic moment distribu
tion of the electron. An analogous calculation for 
high energi~s ( Ec.m . ...., 1 BeV) was carried out by 
Avakov. [4] He proposed a method for determining 
the form factors from the experimental cross sec
tions based on these calculations. The results of 
Avakov have been generalized recently by Epshte!n 
[ 5] under the assumption that the electron has an 
electric dipole moment. 

The study of the scattering of polarized particles 
opens up new possibilities for the determination of 
the form factors. [ 6 ' 7J Below we present the re
suits of the corresponding calculations, which were 
based on the covariant method of direct calculation 
of the matrix elements of polarized particles. [B] 

The scattering cross sections ( in Born approxima
tion) with account of the initial and final longitudinal 
polarizations of both electrons in the center of mass 
system ( c.m.s.) are, at high energies ( E/m » 1) 
of the form 

where E1, E2, Et, E2 = ± 1 indicate the sign of the 
spin projection on the direction of motion of one of 
the particles and 

M~~ = M:::: = 1/ 2 (1-lai/v + px2 Z;), 

M:;::;: = M~~ = 1/ 2 (va~/1-l + ax2Li), 

M~:: = M::~ = ailv + a~/f.l, 

(2) 

(3) 

(4) 

( 5) 

( 6) 

Here a1 = a ( qt ) , ~ = a ( q~ ) are the charge form 
factors, Z1 = l ( q~ ), Z2 = l ( q~) are the magnetic mo
ment form factors, q1 = P2•- p1, q2 = p1 - P2 are the 
momentum transfers for the direct and exchange 
graphs, J.l. = 2 cos2 ( J/2 ), v = 2 sin2 ( J/2) ( J is the 
scattering angle in the c.m.s. ), a = J.l. + 2, {3 = v + 2, 
x = E/m, E is the energy of the electron in the 
c.m.s., and m is the rest mass of the electron. 

It follows from these expressions that the form 
factors can be determined by the scattering of po
larized particles using the method of Avakov, [ 4] 

which in this case [see, e.g., (2)] gives four quad
ratic equations for the computation of the quantities 
a ( q'2 ), a ( q"2 ) , l ( q'2 ) , and l ( q"2 ) from the four 
experimental cross sections. 

After summation over the final polarizations the 
formula for the differential cross section takes, ac
cording to (2) to ( 6), the form 

+ 4aitix2/Y] + 4a~t;x2YJ + ail~x2 (YJ + -r)/YJ't 

+ a~lix2 '1 (1 + -r)/-r + 2L1x4 (I + -r) 2/-r2 

+ 2l~x4 (YJ + -r) 2/-r2 + 2lit;x4 (I + -r) (YJ + -r)f-r2 

- 8a1a 2l1l2x2, (8) 

I M p 12 = ~ af (I + -r)/YJ + +a~ (YJ + -r) + aia~-r2/2Y] 
- ail~x2 (YJ + -r)/YJ't- a;Zix2YJ (I + -r)/-r 

(9) 

where T/ = v/ J.1. = tan2 ( J/2) and T = 1 + J.l.. 
Evidently, the difference of the cross sections 

( 7)' 
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-i (da_l dQ - dcr+ I dQ) = + a 2E-2 J M pJ2, (10) 

which determined the polarization correction I Mp 12 

[formula (9)), also leads to a simple scheme for 
the determination of the electron form factors ( six 
equations of second order with six unknowns). Here 
(]" + denotes the cross section for particles polarized 
in the same direction and (]" _ for particles polarized 
in opposite directions with respect to a fixed axis in 
the direction of motion of one of the particles ( in the 
c.m.s. ). 

The expression 

(11) 

where I M0 12 is given by (8), gives the cross section 
for the scattering of unpolarized electrons. [We 
note that (2) to (6) give the matrix elements in the 
high energy limit. The exact expressions for the 
matrix elements lead, instead of (11), to a formula 
which coincides with the result of Baier [ 3] .) 

It is easily seen that the determination of the 
form factors from the cross sections for unpolar
ized particles [formula (11)) is a rather complicated 
task, since it involves equations of fourth order with 
respect to the form factors. The simple method of 
Avakov [ 4] for the determination of the form factors 
from the cross sections for unpolarized electrons is 
based on the illegitimate neglect of the term propor
tional to a1Z1 ~ z2 [or I rp ( q2) f ( q2) rp ( p2) f ( p2) 1112 
in the notation of Avakov [ 4] ]. This term has not 
been taken into account by Epshtein [s] either. How-
ever, it is easy to see that it is of the same order of 

Thus we can give a relatively simple interpreta
tion in terms of form factors of electron-electron 
scattering experiments in which the initial and final, 
or only the initial (final), polarizations of the inter
acting particles are fixed. 

The authors are grateful to F. I. Fedorov for 
guidance in this work and for useful advice. 
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