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1. In connection with experiments currently being carried out with colliding
electron-positron beams (1'2), the study of photon-emission processes in elec-
tron-positron collisions is of considerable interest.

The formulation of the problem and a concrete examination of this range of
questions for electron-electron collisions were carried out in papers (*9). In
the present article the method used in those papers is employed. Expressions
are found for the cross section of electron-positron scattering with emission of
a photon of arbitrary energy into narrow cones along the directions of motion
of the particles. The cross section for emission of soft quanta is obtained for
arbitrary electron scattering angles. With logarithmic accuracy, expressions are
obtained for the radiative corrections to the electron-positron scattering cross
section.

2. Let us consider the process of emission of a photon with energy w along
the direction of the momentum of the initial electron p; in the case where the
angular dimensions of the photon detector are 2/v < 29, < 1 and the scattering
angles ¥ are large (sind > 1/7).

We adopt the following notation: py,ps(ps, P4) are the momenta of the initial
and final electron (positron); k is the photon momentum; v = E/m. We re-
gard the final particles as ultrarelativistic (1 —w/E > 1/7v). Since integration
over the photon emission angle will be carried out with accuracy up to terms
of order ¥2,1/~2, using formulas (2.1)-(2.5) of paper (®), with the correspond-
ing substitutions, and retaining in them the principal terms giving an integral
contribution with the indicated accuracy, we obtain

_a® dgdQy d9 (I+e)t+(1—e)*(1— )"
doy =g (1 —kc)23 {1+ 46 }X

: [(” 0 —1@2) e —Ziipl)a} , M

where
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E=w/B;  c=cost;  f(6)=2—&(1—c). (2)

In the case of soft photons and photon emission angles ¥, < 1/, formula (1)
behaves analogously to formula (1) of paper (*).

As was noted in paper (%), if one particle is scattered through an angle ¥, then
for a given energy w of the photon emitted along p,, the second particle emerges
at an angle x, where, to the adopted accuracy,

2(1+¢)
2-¢2-8§1—-¢c)

cosy =1— (3)
Therefore the expression for the cross section for photon emission along the

direction of the momentum of the initial positron is obtained from formula (1)
by the substitution

- 2(1—¢)
2-£2-9+¢)’

c—1

P1 — Do, (4)

moreover, this substitution must be made throughout formula (1), including in
the volume element df2;. Then we obtain

dogy =

a® dQydedey, (1-¢)° 1 om%
S2 (1—0f  (kmy) F*u—o2<rfw%ﬂx

(I—-o)'+(1+c)'(1-9)"*
X&* 10 }

where f1(§) =2—¢(1+¢).

Integrating over the photon emission angles, we obtain

T a2 E T —op

ard g dQ, (1+e)t+ (1 —c)*(1—¢)*
: 7®) |

<[ e et - g ) ©)

where n = ~9,.
The expression for doy is obtained in an entirely analogous way.

The expression for the cross section for photon emission along the direction of
the momentum p; of the final electron has a form analogous to that obtained
in work (*):
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doy = do %% (14 (1—£)2)In (1 +n2(1 —£)?)

2n2(1 — €)°
“irwaoer O

where do is the Bhabha cross section.

3. The cross section for the emission of soft photons (£ « 1) for electron
scattering angles ¢ > 1/ into a small angle o, < 1 along the direction
of the momentum of the initial electron is calculated with accuracy up
to terms 92, 1/42. In contrast to radiation in electron-electron collision,
in which the cross section for the emission of soft quanta in scattering
through an angle 0(7) is equal to 0, we shall distinguish two cases: 1)
1/v <9 <7/2,2) n/2 < ¥ < 7. The cross section for the emission of
soft quanta in the first case coincides with the radiation cross section in
electron-electron scattering (formulas (7), (8) of work (%)), where do, is
now the Bhabha cross section.

The radiation cross section for the second case has the form

d ! 2n?2
da:dgogﬂ : 71n271+4ln(1+n2)
T W /2+(1—,U2) +n
1+ 22" (1+n2)(z' + V1+2%)>

— In

PVit+a? o [2x’(1 +a'?) =2 (1= Bp) + V1+ 2?48y 2% + (1 — MQ)}

z* 4z’?

+4[1+ s 2‘|ln (8)
- / /2 /
272 =) | 8 (= ) + 2y —
Here
)2

2,2 2 a2 / 2z
Am?a’” = 4p? cos? /2, z :"}/(,U,*ﬂ>+7; w=costy. (9)

Y

Analogously to article (%), for the case sin® > 1/ we obtain the expression for
the cross section

o dw 2

do = do, . In(1 +n?) —
7r

n
10
14 n? (10)

Here the probability of radiation does not depend on the scattering angle. This
is due to the fact that, at large scattering angles, only the initial electron radiates
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into a small angle. The cross section for the emission of soft quanta is maximal
at ¥ = m and is equal to four times the cross section expressed by formula (10),
since, for scattering through an angle 7, both the initial electron and the final
positron radiate into a small angle along the momentum of the initial electron,
and their radiation is coherent.

4. Let us turn to the consideration of radiative corrections to electron-positron
scattering at large angles. For the modern formulation of experiments with
colliding electron-electron beams, the question of radiative corrections was con-
sidered in papers (°,%), in which two possible definitions of a scattering event
and two formulations of the problem were given. In the case of electron-positron
collisions, both formulations are meaningful. In the calculation we retain large
logarithmic terms of the type In-y, In A, In A *, while terms of order unity
will be systematically neglected. The expression for the vacuum contributions
and the contributions from the emission of soft photons in the €% approximation
of perturbation theory were obtained in papers (7,%) and may be written in the

form

4o [ 11 1 47%(1 —c) 1+ec
dO'el+dUsoft_dO'0{1—7T|:—61n’)/+2<1nM—1 lnng .
(11)

The calculations are carried out analogously to paper (°).

With the indicated accuracy, the cross sections for electron-positron scattering,
taking into account radiative corrections of order e?, turn out to be equal for
both formulations of the problem and have the form:

do = doy(1+9), (12)
20 11 7> 2n 2 7> (AY + A)(1+¢)
=y | = -2+ = 421 1 In&, |2Iny—2n+ — —1—21 .
5 {nv[g N+ 5 +2hn +n(§on)+n§o[ ny =2+ 3 n ST—0)
(13)

In conclusion, the authors express their gratitude to V. N. Baier for valuable
discussions, and to E. A. Kushnirenko and A. P. Onuchin for discussion of
questions connected with the experiments.
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* The notation in this section is taken from paper (%).
Note: Figure translations are in progress. See original paper for figures.
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