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ABSTRACT

The cross section for single W production in ete™ collisions
below the two W threshold is computed with an arbitrary W magnetic

moment.
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The now standard Glashow-Weinberg-Salam (GWS) model of
weak and electromagnetic interactions has had many successes, notably
the prediction of the recently detected W and Z bosons. One as yet
untested aspect of the theory is the self interaction of the gauge bosons.
There is very little freedom to adjust the form of these couplings: in the
GWS model the WW+ coupling corresponding to the vertex shown in Fig.
1 is given by

ic[g,,,(p + p’)p + gpu()‘q -+ gpu(_p' - )\Q)p]

with A = 1. The gyromagnetic ratio of the W is 1 4- X\, while its electric
quadrupole moment is —e\/ M 3, Note that for a charged vec¢tor particle
“minimally” coupled to the photon, A = 0.}

A probe of the value of )\ is provided by single W production
in ete— collisions at energies below the two W threshold. This process
has been studied by a number of people. Choban® calculated the cross
section for energies /s » My as a function of \ , and our leading term
agrees with his result. Ellis and Gaillard® cite a result for A = 1 which
differs from ours. Berends and West* have made a numerical estimate of
the cross section for A = 0, and our results are roughly in agreement with
theirs.

Below the two W threshold the dominant contribution toete— —
W—etv is due to the two diagrams shown in Fig. 2. If the positron
is scattered at a small angle the photon propagator becomes large, so
that the cross section has a logarithmic singularity in the forward direc-
tion, and one may be able to tag the process cleanly by observing the
positron.

We have used the Weizsicker-Williams® approximation to find
this cross section by first calculating the cross section o'(se,) for the
process e+ — Wy, The total cross section for this process is (to lowest
order in o and neglecting m,),
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where § = ;;% The Weizsicker-Williams approximation then gives
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for the cross section for ete— — W—etv. The result of this integration
is
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where, for s » m‘;’, we have f ~ log—; for the total cross section, or

me
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Figure 3 shows the total cross section as a function of A\ for

S~ log for scattering of the positron at % €0 <0<bs.
s

several values of /s expected to be available at LEP I, and the total cross
section as a function of /s for A = —1,0, 1. At relatively low energy the
minimum of ¢ occurs near A\ = 0; at high energy one observes that the
minimum moves to X = 1, reflecting the gauge theory cancellation of the
leading term. One promising observation is that at low energy the cross
section is rapidly varying around \ ~ 1, changing by about a factor of
three from A = 0 to X = 1 at \/s = 140 GeV. Unfortunately, if tagging of
the positron is necessary, the cross secti;)n at 140 GeV and A = 1 is only
about 2 x 10~%% cm?. Including W+ production (ete™ — Wte™ D)
.doubles this value, but even with an integrated luminosity of 10%®cm—2
this still yields only about 40 events. The total cross section with no
tagging is about a factor of 5 greater than this, giving about 200 events.
Even with 6nly 40 évents{, thotigﬁ, one should be able to distinguish A=0
from A\ = 1. .

We conclude that running at the highest LEP I energy should
yield a sensitivity to A competitive with or better than that which could
be attained in moderate energy hadron colliders by studying inclusive W+
production.®
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Figure 1

WW~ vertex

Figure 2

Dominant contributions to e+ e~ —et W= below

the 2W threshold.
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Cross section for ete——etW—v
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