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The formalism of two-component spinors is used to calculate the cross sections for some
processes involving high-energy longitudinally polarized electrons and positrons, on the
assumption that the charges and magnetic moments of the particles involved have extended

distributions.

A.S has been pointed out in a number of
papers,[i’ﬂ experiments with polarized particles
can provide additional relations for determining
form factors. When one takes form factors into
account and averages over the polarizations in the
initial state and sums over those in the final state,
the usual cross sections for processes involving
electrons and positrons give rather complicated
functions of the form factors, and there is consid-
erable difficulty in determining these quantities on
the basis of experimental data.

In this respect the cross sections for processes
involving polarized particles (for example, the
cross sections for scattering of polarized elec-
trons by polarized electrons and positrons) have a
simpler dependence on the form factors, and the
determination of the form factors by comparison
with experiment is much simpler.

1. Let us consider some processes which in-
volve polarized electrons and positrons at large
energies € > m (m is the rest mass). We as-
sume that these particles have a certain distribu-
tion of charge and magnetic moment.

As has been shown by Sannikov,m it is conven-
ient to calculate processes involving fast electrons
by means of the formalism of two-component
spinors. When the mass term is dropped the Dirac
equation breaks up into two Weyl equations for two-
component spinors, one describing electrons
polarized along the momentum (R-electrons) and
the other electrons polarized opposite to the mo-
mentum ( L-electrons). The presence of a possi-
ble structure of the electron has the result that
besides diagrams at whose vertices electron lines
of the same helicity come together one must also
consider diagrams at which electron lines of dif-
ferent helicities come together.

We shall start from the vertex operation for

the interaction of electron and electromagnetic
field in the most general four-component form

be (k?)

i A
T (k) = yuae (k%) + —-(vuk — kva) TR (1)

(2],

where k is the difference of the four-momenta of
the electron in the final and initial states, and

ag (k%) and be(kz) are the electromagnetic form-
factors of the electron, which are real in the re-
gion of spacelike four-momentum transfers k2

> 0 and complex in the region of timelike trans-
fers k® < 0. Using a representation in which the

Dirac matrices are
¢ O 01
= p—d 2
® (0—c)’ g <1 0)’ @

and writing the bispinor u(p) in the form

=)

where ur and uy, are the respective two-component
spinor amplitudes of the R-electron and L-elec-
tron, we can put the expression u(q) r/,(ae) (k)u(p)
in two-component form, and it follows that to a
vertex at which R-electron lines meet we must
assign the matrix PR;E{ = —Uﬁaei to a vertex at
which L-electron lines meet, the matrix FLL

= Uﬂae; to a vertex where an L-electron line
enters and an R-electron line emerges, the matrix
FL;I} = 1/2(0';21{_ - k*aﬁ) | k? |'1/2be; and finally, to
a vertex where an R-electron line enters and an
L-electron line emerges, the matrix FR,Ij

=1 (op k" — ko) | K? [‘mbe. Here we are using
the notation of'®, namely:

0H+ = (07 i), op" = (07 —l)a kt = kuout,

k= = kuou,

where o are the Pauli matrices, and the fourth com-

ponent is a two-rowed unit matrix multiplied by
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+i. It is not hard to see that the vertex operators
are the same for positrons. The other rules of
correspondence given in (3] are not altered.

We can now calculate the cross sections for
processes involving longitudinally polarized elec-
trons and positrons. We present the results of
the calculations on the cross sections of several
processes. The calculations were made for the
case of one-photon exchange ] in the center-of-
mass system of the colliding particles.

2. We begin with the simplest case—the scat-
tering of an electron by a charged spinless par-
ticle (7" meson, a particle ). The differential
cross section without change of helicity of the
electron is (in units that make h = c¢ = 1, which
we shall use always hereafter)

coszﬂZ)
4e?sint (0/2)
and that with change of helicity is

[e cos? (0/2) + w]?
4e?(e 4+ o)2sint (0/2)

dogp? = dorL = Z2q?

a2 (k) A2(k2)do,  (4)

dO’RL = dULR == Zz(l2

(5)
where a = e¥/4r = 1/137, ¢ and w are the re-
spective energies of the electron and the scalar
particle, 6 is the scattering angle, k?
= 4€sin’(6/2), A (k?) is the charge form factor
of the scalar particle, and the upper and lower
indices on do indicate the polarizations of the
electron before and after the scattering. Half the
sum of all the cross sections (4) and (5) is the
cross section for scattering of an electron by a
charged spinless particle, averaged over the po-
larizations of the electron in the initial state and
summed over those in the final state. Setting Z
= 2 and going over to the laboratory system, we
get the cross section for scattering of an electron
by an « particle which was given in a paper by
Avakov and Ter-Martirosyan.?]

It is an equally simple task to calculate the
cross sections for the annihilation of a polarized
electron-positron pair by conversion into a m-
meson pair. These cross sections are

3
q
dO’RR == dGLL = o2

165

(K?) | do,

3
dopr = dorr = oﬂ$cos2 0] be(?) |? | Ax(k?) [2do, (6)

where € is the energy of the particles involved in
the process, q is the absolute value of the three-
momentum of the 7 meson, Ay (k?) is the charge
form-factor of the ™ meson, and k? = —4€%. Then
the cross section for annihilation of an unpolarized
electron-positron pair with conversion into a 7-
meson pair is

be? (k%) A2(k?)do,
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3
do = a2$ (sin® 0 | s (I2) [ +- cos? 0 | o (k2)[2)| A (h?) |2 do.

(7)

For by = 0 this goes over into the expression ob-
tained by Afrikyan and Garibyan.®

3. Let us now consider the scattering of an
electron by a particle with spin 1/2 (4 meson,
nucleon). The cross sections for scattering with-
out change of helicity, averaged and summed over
the polarizations of the yu meson, are

2 0
dor® = doL L ¢ ) {(282 sin2 — —|— w? cot?— 5 )

= Ze?w?sin? (6/2
N B -
X A2 0€) 4o sin - Au (k) Bu () + (w cot* I 4 2012

X Bu2(k?) }aez(lcz) do, (8)
and with change of helicity,

dO’H = dO’L — 2g sin% — )A.“, (1»2)

a?
~ hetw?sint (6/2) (

0 2
— 2Me sin3§Au(k2)Bu(k2)+[(w— € sin? g)

— MZSmZSJBuZ(kZ) Yo (k) do, ©)

where € is the energy of the electron, w is the
total energy of the colliding particles, M is the
mass of the yu meson, Au(k2) and Bu(kz) are
the electromagnetic form factors of the y meson,
introduced in accordance with (1), and k®

= 4€®sin® (6/2). Half of the sum of the cross sec-
tions (8) and (9) is the cross section for scattering
of an electron by a u meson, averaged over the
polarizations in the initial state and summed over
those in the final state. For the scattering of an
electron by a nucleon we must take M to be the
mass of the nucleon, and insert instead of Aﬂ and
By, the electromagnetic form-factors AN and BN
of the nucleon.

We also give the expressions for the cross sec-
tions for annihilation of an electron-positron pair
with conversion into a p-meson pair, summed
over the polarizations of the u mesons. These
cross sections are

q MZ qZ
883{(1 oy 05?0 )| Au(R) |

dopr = doLL = o?
M M2 2
+ 42 Re[d, (k) B, (k)] +(1 += —3—200526)

€

X | Bu(k)[2 }] ac(k2) |2 o,

dogr = doLr = a? L{( 0052 9) l A (F?) l (10)
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+ ZA‘:Be [A(B2) By* (k)]

M2 qZ

(Tt Lo )| Bulk) ] b0 2o

Here € is the energy of the particles involved in
the process, q is the absolute value of the three-
momentum of the p meson, and k? = —4€2, The
expression

do = '/5(dorr + dogL), (11)

where dogppRr and dogrj, are given by (10), is the
cross section for the annihilation of an unpolarized
electron-positron pair with conversion into a p-
meson pair, which agrees with the analogous cross
section in the paper of Guliev and fi)pshtein,m
when in the latter formula we take the limit

m — 0. The expressions (10) and (11) are valid
for the annihilation of an electron-positron pair
with conversion into any fermion-antifermion pair
with spin 1/2 (in particular, nucleon-antinucleon),
with the exception of an electron-positron pair.

4. Finally, let us turn to the scattering of elec-
trons by electrons and by positrons. For the
cross sections for scattering of longitudinally
polarized electrons we get expressions of the
form
az 1
% sint 0
where A, B, C, D denote helicities R or L, and

the quantities MAB are

MER = Mif = (1+ cos0) a2+ (1 — cos 6) a2,

(M53)2 do, (12)

CD
dO'AB =

M5 = Mgn = Myg = MiL = Mig = Mir = M{1 = MiT
0 .0
= (1 + cos 8) cos 5 acb, — (1 — cos 0) sin 5 a’be,

MEE = MIT =1/,[(1 + cos 0) (3 + cos 0) b?
+ (1 —cos8) (3 — cos 6) b,

MEE — MER = 1/,02(1 + cos 0) 2?2
— (1 — cos 0) (3 — cos 8) b,

Myy = Mis =1/.[2(1 — cos 8)%a."

— (14 cos 0) (3 + cos 8) b.2]. (13)

The lower indices on do indicate the polarizations
of the electrons before the scattering, and the up-
per indices those after the scattering, € is the
energy of each of the electrons, and

be = be(k?), a. = a.(k?),
b = be(k?),

a. = a.(ks?),
(149
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where k; and k, are the momentum transfers in
the direct and exchange diagrams,

ko2 = 4e? cos?-

N> | D

k12 = 4825inzg, (15)

&

These expressions for the cross sections for
scattering of longitudinally polarized electrons
agree (apart from a factor 1/2) with the cross sec-
tions for scattering of electrons with a fixed pro-
jection of the spin on the direction of motion of
one of the particles, as derived in a paper by
Bogush and Satsunkevich [T on the basis of a co-
variant method for direct calculation of the matrix
elements of polarized particles. The same paper
discusses the possibility of determining the elec-
tromagnetic form factors of the electron in the
region k> > 0 from known experimental cross
sections.

The sum of all the cross sections (12), divided
by 4, is the cross section for electron-electron
scattering averaged over the polarizations in the
initial state and summed over those in the final
state; it agrees with the result of Ba‘ier,fg] if in
the latter we take the limit m — 0.

The corresponding cross sections for the scat-
tering of longitudinally polarized electrons and
positrons are of the form

¢D a2 CcD 2 16
dUAB*@lMABI dO, ( )
where
1+ cosH

MER — MR —
RE LE 1—cosB

[2 a2 —(1— cosB)a"?],

RL LR 2 sRR LL RR LL RL LR
MRR == MRR = MRL = MRL = MLR == MLR - [uLL - MLL

2
= i 9[ ebe Elbe/:]1
S0 T oos 0)sim(072) “ee T ¢
Mﬁfi = Mﬁf = (1 — ¢O0S e)ae’z —_— M be2’
1—cosB
RIL, LR 4
Mpr, = Mg = ———— a2 — cos 00,2,
1—cosB
3]
MR = T =300 s s eb,. (17)
1—cos0

Here the lower indices on do indicate the polari-
zations of the electron and positron in the initial
state, and the upper, those in the final state; the
form factors are as defined in (14), with

0
k4?2 = 4e? sin? 0 ko? = — 4g?. (18)
By means of the expressions (16) and (17) we
can get the cross section for the scattering of an

electron by a positron, averaged over the polariza-
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tions in the initial state and summed over those in
the final state:

__ai[2[4—|—(1+cose)2]ak
T 16e2 (1 —cos0)2

i (1—{—4:056)2

g 0 Be () +(1+ cos?0) ] o' |

2 8sin%0
T {1 =cos 8)sin (6/2)

16 sin% 0
- ag2b,
3

(1 — cos 6)

X acb. Re (a.’b.") + 2sin? 0 ] a.’ |2 | be’ IZ
4 cosO
1 —cos9

(3+ cosB)cosO
1~—cos@

— (3 4 cos 0) b2 Re (a."2) — ac? Re (b.?)
(3 4 cos 0)2 b

(1 —cos0)2 ° T

+ be* Re (be"?)

-+ cos?0 | b’ ]‘*}do. (19)
The expressions (16) and (17) enable us to ob-
tain information about the complex form factors
ag (kg) and be(kg) in the region of timelike mo-
mentum transfers k3 < 0 from the known experi-
mental cross sections. Let us consider, for ex-
ample, the cross section dagg. Regarding the
form-factor ag (k%) in the region of spacelike
momentum transfers ki > 0 as known (from the
cross sections for scattering of polarized elec-

trons), we can readily see that the expression for

dogg at fixed energy € and two different angles

6 gives two equations, from which one can easily
determine o? and o3, where a; and a, are the
real and imaginary parts of ag (k% ). Analogous
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data on the form-factor bg (k}) can be obtained,
for example, from a consideration of doRL, Then,
knowing the form factors ag (k) and bg (k%) in
the entire region of momentum transfers, one can
get from the cross sections given here informa-
tion about the electromagnetic form factors of the
particles involved in the various reactions we have
considered.

In conclusion I express my deep gratitude to
G. M. Garibyan for suggesting this topic.
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