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Signals for composite- W'-production in yp collisions
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%'e examine the possibility of observing the corn.posite structure of W —bosons photoproduced in

yp collisions at high energies through form-factor effects. %e find that such processes are sensitive

to 8'—compositeness scales as high as 3—5 TeV if sufficiently high luminosities are obtainable.
Such reactions can be most easily studied by extracting a photon beam of energy =10TeV from the
Superconducting Super Collider (SSC) for collisions with a fixed target. This serves to indicate that
new physical results are obtainable from the SSC even when used in a fixed-target mode.

The possibility that gauge bosons are composite parti-
cles has been a subject of a great deal of discussion in re-
cent literature. ' At present, the limits on the composite-
ness scale associated with gauge bosons is far inferior to
that for quarks and leptons. Hence, we must examine
possible ways to improve this limit or to uncover the com-
posite structure within W+- and/or Z .

There are several possible "signals" for gauge-boson
compositeness which have been explored in the literature.
The first is a deviation in the gauge-boson magnetic mo-
tnent and/or electric quadrupole moment from their
canonical gauge-theory values which has been considered
by many authors. 3 A second "signal" would be a modifi-
cation of the tensor structure of the y WW and ZWW ver-
tices as, for example, in W-dominance theories. These
two "signals" are not mutually exclusive. An alternative
possibility is to consider the effect of form factors on the

y WW and ZWW vertices as well as gauge-boson propaga-
tors; this possibility has already been discussed by the
present author for a wide variety of physical processes.
In all of these processes, however, the bound on the
gauge-boson compositeness scale was never greater than
A=0. 5—1.0 TeV. There has also been recent interest in
using the Superconducting Super Collider (SSC) in a
fixed-target mode. We wish to explore if the SSC can be
used to improve the constraints on the A parameter found
elsewhere by using the machine in this particular mode.
Clearly, in the usual collider mode other reactions exist
which could be used to probe large A values such as
pp~R'+W' or pp~y8'. Since we are interested in
fixed-target physics, we limit ourselves to the yg process.
We hope to show in this paper that the yp~ W'-+X pro-
cess can provide significantly improved constraints on the
value of A or show evidence for compositeness. In order
to have a high luminosity for the yp reaction and suffi-
cient center-of-mass energies to produce W+-'s we need to
consider the possibility of extracting a photon beatn of en-

ergy =10 TeV from the SSC and using the accelerator in
a fixed-target mode. This possibility for the SSC has al-
ready been discussed, and luminosities of order 10
cm /yr should be expected. %'ith such large luminosi-
ties and cross sections of order 1 pb we expect to be able
to determine total cross sections to the level of a few per-
cent.

As in our previous works we will consider (separately
and jointly) form-factor modifications of the usual triple-
gauge-boson vertices and gauge-boson propagators:
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FIG. 1. Feynman diagrams for the yq ~8'q' subprocess.

J

Given the kinematics of the yp~ W-++X process we will
assume both the F 's to be of the form

F=(1—t/A') ',
where t is the subprocesses momentum-transfer squared.
(Note —t/A & 0. ) For detailed discussions of the hy-
potheses behind this choice the reader should examine the
work in Ref. 2.

Let us first consider the subprocess yq~W+-+q' as
shown in Fig. 1. The differential cross section for this

33 3224 1986 The American Physical Society



33 SIGNALS FOR COMPOSITE- fV+— PRODUCTION IN yp COLLISIONS 3225

process can be written in the form (z = cos8, where 8 is
the W+ production angle)

a—g I H~(x, s, Q;,z) 1—
dz 96 2 s,. &rx

(3)

where xL ——Mw /s and the sum extends over all fermions
of charge Q; inside the proton and q;(x,s) are the relevant

quark distribution functions. The H, "s are given by (in

the limit of massless quarks}

H(x, s, Q z)= To+ TiPF(A)+ TzP2F2(A).

With F(A) given by (2), P—= (Mw —r) ' and
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FIG. 2. The fY+ photoproduction differential cross section
do+/dz at 90' as a function of A in yp colhsions. Both E and
E2 cases are shown.
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+4su +(st+ u z)t /Mwz]

+2[(s/Mw) +2s(l+t/Mw )] .

In the laboratory frame we find (s =sx, and Mz is the
proton mass)

& =Mw' 2Er(Ew —Pwz), —
s +My s —Mg2 2

Ew ~ ~ Pw

s =2MpEy,

u =My —s —t .2

Note we have set the 8' anomalous magnetic moment
equal to unity, its standard-model value in these equa-
tions. As in Ref. 7 for 8'+ photoproduction off on anti-
quarks we let Q —+ —Q in Eq. (4); the same change of sign
also gives the 8' photoproduction cross section off
quarks.

Now if only vertices (propagators) of gauge bosons ob-
tain form factors then E is simply F„&z~ while if both ver-
tices and propagators are modified F=F,E~. This case is
denoted by E on the figures that follow. Note E=F„
and I'=E~ are indistinguishab1e if one studies only this
particular processes; this case vri11 simply be denoted as I'.
We denote the W+- production cross section by do—+/dz.
The quark and antiquark distribution functions used in
this paper are the same as set 1 of Eichten, Hinchliffe,

Lane, and Quigg. 7 We take E„=10TeV in our calcula-
tions.

Figure 2 shows a plot of d u+ /dz with z =0
(cos8=90') as a function of A for both F and F cases.
Note that for A & 1—2 TeV the cross section differs dras-
tically from the standard-model (SM) prediction. With a
total cross section of = 7 pb and a luminosity of
10 cm z/yr we would expect =7000 W+ events/yr. A
5% measurement of the total cross section in agreeinent
with the SM should clearly indicate that A&3.0 (4.S)
TeV for the case E (E } which is a significant improve-
ment over the previous limits. The major difficulty here
is that one can probably not calculate the absolute total
W+ photoproduction cross section to the accuracy that is
required because of strong-interaction corrections. This
includes not only conventional radiative corrections at the
parton level but the problem of evolving the proton distri-
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FIG. 3. The 8'+ photoproduction differential cross section
do+/dz in yp collisions as a function of z =cos8 for different
values of A.
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FIG. 4. Same as Fig. 2 but for 8' photoproduction in yp
collisions.
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FIG. S. Same as Fig. 3 but for fV photoproduction in yp
collisions.

bution functions up to such large energies with such high
accuracy.

Figure 3 shows der+/dz vs z for the SM as well as for
several values of A for both F and F cases. The shape of
the angular distributions for the SM and A=3 TeV (case
F) are almost indistinguishable except for overall normali-
zation so that no new information can be obtained in this
way for values of A & 3 TeV. Also, to obtain a good mea-
surement of the angular distribution would require a
much larger event sample than to measure the total cross
section to the siune accuracy (by at least a factor of 10 or
so). With a sample of 7000 events the angular distribu-
tion will not be sufficiently well determined to distinguish
between A 3 TeV and the SM.

A similar result occurs for W production except the
situation is a bit worse. Although the differential cross
section is more sensitive to F/1 than in the W+ produc-
tion case the total cross section is smaller by roughly an
order of magnitude and so fewer events can be obtained.
Note that although the 8'+ and 8' photoproduction
cross sections are quite comparable at higher energies
(v s =250 GeV or so) for energies not far from threshold
(as is the case here with vs =137 GeV) the W+ cross
section is far larger than that for W . It would seem un-
likely that higher center-of-mass energies could be easily
obtainable. Figure 4 shows de /dz with z =0 as a func-
tion of A; clear distinctions from the SM prediction are
seen for A (3—4 TeV. A 5% measurement clearly would
imply A & 5—6 TeV which improves on the W+ results.
The difference, however, is that with the above quoted

luminosity only =500 events/yr are expected so that total
cross section or angular distribution could not be as well
deteiauined as in the $V+ production case. Figure 5, how-
ever, shows that the der /dz angular distribution is more
sensitive to finite A effects than der+/dz. This implies
that even if one could not compare the data with an abso-
lute prediction for the cross section from theory a com-
parison of the angular distribution with the SM result
may yield a reasonable A limit. Clearly, an increase in the
luminosity by a factor of order 10 would alleviate this
problem but this seems a bit unlikely. s

We have shown that the photoproduction of W+- gauge
bosons in high-energy yp collisions is quite sensitive to
form-factor effects, i.e., composite scales as high as 5—6
TeV for the gauge bosons. However, even with reasonably
large luminosities the event rates are not quite sufficient
to get the desired statistics. Also we need to be able to
calculate the theoretical cross sections to the level of a few
percent. This is quite difficult when we must run the
structure functions obtained at low energy up to such
large Qz values and be confident of higher-order correc-
tions.

We conclude that the photoproduction of gauge bosons
in yp collisions can be a sensitive test of gauge-boson
compositeness if very high luminosities are obtainable.
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