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Abstract. We examine interference effects of the elec-
troweak interaction in the high energy e* +e~ —e*
+e~ +hadrons process. The effect provides a further
test of the G-W-S model [1] and may lead to a
better understanding of the photon structure func-
tions.

Recently, electroweak interference effects in the lep-
ton production in e* e~ [2] and hadron-hadron [3]
collision have been discussed. In the lowest order
these effects arise from the interference between
Feynman diagrams with a virtual photon y and
those with a neutral weak vector boson Z° Obser-
vations of the effect in e* + e~ - u* +u~ have been
reported [4] from PETRA in the form of forward-
backward asymmetry in the angular distribution of
the produced u~.

In this paper we investigate the electroweak in-
terference effects in the process

et e  set e +yy
|—>X (hadrons)

In the parton model which we shall use in this
study, the quark and antiquark have identical distri-
bution functions in the photon. This implies that in
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the lowest order of the electroweak interaction in-
terference effects are not observable unless at least
either the initial electron or the initial positron is
polarized.

The lowest order Feynman diagrams for the pro-
cess of interest are given in Fig. 1. The correspond-
ing element of the S-matrix is
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Fig. 1. Lowest order Feynman diagrams for the electroweak in-
terference effects in the e* +e~ —>e*+e~ 4+ X (hadrons) process.
At high energies, especially when p®~0, the two annihilation,
time-like diagrams can be neglected
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where 4, i1s the interaction Hamiltonian. For sim-

i

plicity we shall concentrate on the case when one of
the photons is nearly on the mass shell, say, p?~0.
In this case the two time-like diagrams, Figs. 1b and
1d can be neglected, and

(etem X|S—1lete d=—e*{d*y, d*y,d*y;d% 1,
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where G is the Fermi weak coupling constant, D(x)

is the photon propagator, 0% =gly*(1+7,)+g%v*(1
—7s) and j¥(x) is the neutral weak quark current

IN0 =90 {8k v, (1 +75) + 88y, (1 =5} (%), 3)

where the subscript i labels the quark flavour. In the
G-W-S model [1]
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where I, is the Z-component of the isospin and Qi' is
the electric charge in units of e. The differential
cross-section due to y— Z° interference is

1+2sin%6y),
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For simplicity we consider the case when the initial

positron is polarized and the electron unpolarized.
Then

TP°()=p*g**—p°p° +Q2k,—p)*(2k, —p)’,
T () =2{(g"+g") +s(g"—g")}
(542 + IR + KSR 15227 ey p ) ™
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where s= +1 is the helicity of the positron. To eval-
uate the one-photon expectation value of the prod-
uct of quark currents in the expression for W, .
we use the parton model and assume the quark and
antiquark distribution functions in the photon are

identical. The differential cross-section then becomes

o G, 1
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where q;(y, t) are the quark distribution functions
[5] in the photon (yx =Q?/2v is the Bjorken scaling
variable, t=1n(Q%/4%), Q%= —¢? v=p-q and A is
the QCD scale parameter).

For deep inelastic electron photon scattering
(p*~0) the momentum transfers Q? is not big. Even
for the future electron-positron storage rings facility
LEP, in order to get certain rates Q? is limited to be
smaller than 25GeV?. So the pure weak effect can
be neglected. In addition the differential cross-sec-
tion due to the electromagnetic interaction alone is
independent of the polarization of the positron, we
have

do'—dot =da®™ (s= +1)—dc™"(s= - 1), 9
whereas
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The arrows denote the longitudinal polarization of
the initial positron.

For simplicity, we neglect the dependence on the
azimuthal angle in (8) and (10) above.

Defining the asymmetry

do' —do*
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do'+dot (1)
then from (8) and (10)
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