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We point out a misprint in the differential cross section for ye — Wy reported recently by Ginzburg,
Kotkin, Panfil, and Serbo. The corrected expression has a zero in accordance with the general formula
derived earlier by Mikaelian. We plot the angular distributions for different values of k, the anomalous-
magnetic-moment parameter of the W. We suggest that the reaction ye — Wy is an attractive way to
measure « because the distributions are sensitive to it and the zero exists only if k= +1 as in the standard

electroweak theory.

In this Brief Report we present the differential cross sec-
tion for ye — Wwv and show that it is highly sensitive to «,
the anomalous-magnetic-moment parameter of the W.
Correcting a misprint in the expression derived recently! by
Ginzburg, Kotkin, Panfil, and Serbo, we show their result
to be a special case (Q =1) of the general formula derived
earlier? for the photoproduction of W bosons off a fermion
of charge Q. We point out that if k= +1, as in the stand-
ard electroweak theory, then the differential cross section
vanishes in the backward direction where the W is emitted
antiparallel to the 7.

The differential cross section is calculated using the two
Feynman diagrams shown in Fig. 1. The result, for k= +1,
is

do _ & |(2+DM?_ 2xP+x+1 3 t +M?
t o xP| (MP—0)? x(M*—t)  2M? 0 2xM*t |
m
where we have used the notation of Ref. 1:
2
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Equation (1) is for unpolarized beams and it agrees with Eq.
(11a) of Ref. 1 except for the term 3/2M? which appears as
3/M? in Ref. 1.

Equation (1) vanishes at the kinematic point M?—¢
=xM? ie.,

49 1, (1-x)M?*]=0 . @
dt

This zero is more clearly seen if we use the expression re-
ported in Ref. 2 for yg — Wgq. Setting Q =1 we get

do . M? u

M v 2y 2iome) 3
dt T GrmE s T ) ®

where s, ¢, and u are the usual Mandelstam variables satis-
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FIG. 1. Feynman diagrams for the process y +e — W +v.

fying s +¢+u=M? Clearly, Eq. (3) vanishes for u=0.
More generally,? d o/ dt contains the factor
1
0 14+u/s
which vanishes at the kinematic point 1 +u/s=1/Q.

These zeros were reported in the crossed channels
qq — Wy (Ref. 3) and W — gqy (Ref. 4). Generalizations
to an arbitrary gauge theory and to any number of particles
were reported in Refs. 5 and 6, respectively.

The differential cross section (1) or (3), which are
equivalent, was not discussed in detail in Ref. 1. Hence we
present in Fig. 2 the angular distribution

do 1 ndo
£ _ _ -—M»HEL
dcosé 7(s ) dt

where 0 is the angle between the y and the W in the ye
center-of-mass frame. Since

u=—5(s—M?)(1+cosh) ,
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FIG. 2. The angular distribution do/d cos® (in pb) of the pro-
cess y+e — W +v for three different values of «, the anomalous-
magnetic-moment parameter of the W. In the standard electroweak
theory k= +1, in which case there is a zero at §=180°. The ratio
s/M?*=4.
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the zero occurs in the backward direction, § =180°, where
the W is produced antiparallel to the y.

Equations (1) and (3) assume that «, the anomalous-
magnetic-moment parameter for the W boson, has the value
+1 as predicted by the standard electroweak theory. The
zero exists only for this value of «. In Fig. 2 we also in-
clude the angular distributions for k=0 and «= —1. The
appropriate expressions are given in Ref. 2, where the angu-
lar distribution is derived for arbitrary « and Q, and where
we pointed out that if k= +1 then the differential cross
section can be written in an exceptionally simple form for
arbitrary Q. The three curves in Fig. 2 are obtained by set-
ting Q=1 and k=—1, 0, and +1 in T(«,Q,s,t) (see Ref.
2).

The overall scale of our cross sections is set by
&=\/§aGf= 46 pb. We need not specify the mass M of
the W boson but only the ratio s/M?. In Fig. 2 we set
s/M?*=4. The same distributions are shown in Fig. 3 for
s/M?*=10. We see that the overall shape of the curves
does not change much as we go to higher energies. The
zero occurs, of course, at all values of s/M?*if k=+1. In
the limit s >> M? and for k= + 1 we get

M?

M| 1+cosé
2s

(1—cos9)?

.

da &
dcost ;s a2

[1+45(1+cos8)?] . (@)

It is clear from Figs. 2 and 3 that the angular distribution
of the W bosons in ye — Wwv is highly sensitive to the
value of k, and can be used to measure the magnetic mo-
ment of the W. The advantage of this reaction over
pp(F)— WyX (Ref. 3) and W — 2 jets+vy (Ref. 4) is that
only leptonic reactions are involved which are presumably
simpler than hadronic processes. Acquiring the necessary
high-energy y and e beams, however, is no simple matter,
as discussed in Ref. 1. Furthermore, background from
ye — Z% (see Ref. 1) may be a serious problem around
9 =180°, and hence the forward direction, §=0°, may be
more convenient for measurements. Though there are no
zeros in the forward direction, Figs. 2 and 3 show that
do/d cos@ in that region of phase space is still quite sensi-
tive to the value of k.

We should point out that the zero persists with polarized
y or e beams: since the unpolarized cross sections are ob-
tained by summing over the absolute squares of the helicity
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FIG. 3. Same as Fig. 2 for s/M?=10.
amplitudes,
do~ 3IM,|*,
X

clearly do=0 implies M, =0 for all \. As shown in Ref. 5,
the factor Q — 1/(1+u/s) occurs in each helicity amplitude
and hence the zero is independent of any initial or final po-
larizations.

We would also like to mention that the rotal cross section
for ye— Wy with k= +1 as reported in Ref. 1 is correct.
The k dependence of the total cross section was given in
Ref. 7. It is a curious fact (see Ref. 2) that the total cross
section in the high-energy limit is independent of Q for any
value of . Finally, the difference in the total cross sections
for k= —1, 0, and +1 is not as striking as the difference in
their angular distributions. These distributions, particularly
the zero at 8=180° if k= +1, are a good measure of the
magnetic moment of the charged intermediate vector boson
which has recently been found.®?
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