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We investigated the possibilities of probing the yWW couplings through pp— WyX at the Fer-

milab Tevatron. Of the seven general form factors f;, i =1, ...

,7, only four are independent for

an on-shell photon. We may obtain bounds of order 0.5 and 0.1, respectively, on f> and f7 when

the integrated luminosity at the Tevatron reaches a few pb~'.

It is difficult to obtain useful

bounds on fs and Af3, the deviation of f3 from its standard-model value, even if the polarization

of W or y can be measured.

The Wy production of pp colliders was first studied by
Brown, Sahdev, and Mikaelian® and by Mikaelian, Samu-
el, and Sahdev.’ They found that, for #d— W™y, the
differential cross section predicted by the standard model
vanishes exactly at cos@ = §, where 0 is the angle between
w* and u in the center-of-mass frame. This prompted
several studies of the so-called “radiation zero” by several
authors? in the following years. An anomalous yWW cou-
pling will remove this radiation zero. The effect of an
anomalous magnetic moment as well as an anomalous
electric quadrupole moment on the Wy production cross
section was dlscussed by Brown et al.,> Cortes, Hagiwara,
and Herzog, Robinett,> Humpert,® Stroughair and Bil-
chak,” and Wallet.® In this Rapid Communication, we in-
vestigate the possibilities of probing the yWW couplings
through Wy production process at the Fermilab Tevatron,
allowing for the most general yWW couplings consistent
with the Lorentz covariance as well as the electromagnetic
gauge invariance while neglecting the masses of the
quarks and the leptons.

For the general yYWW couplings, we use the convention
of Hagiwara, Peccei, Zeppenfeld, and Hikasa.® Of the
seven form factors f;, i=1,...,7, f4 and fs can be ex-
pressed in terms of f> and f, respectively, by requiring
electromagnetic gauge invariance.>!® Denoting by Af;
the deviation of f; from its tree-level standard-model

value, we have Af;=0 for on-shell photon since the
J

charge of the W is fixed. Hence only Af, Afs, Afs, and
Af7 will be probed through pp— WyX.

Let M(k0,k202;pA,k3h3) be the helicity amplitude
for the collision of a down-type antiquark of momentum
ki, helicity oy with an up-type quark of momentum k,,
helicity o, into a W™ of momentum p, helicity A and a
photon of momentum k3, helicity A;. The polarization
density matrix 2 is defined by

=3 M(k\o1,k20%p\, k3)3)

0102

X M(kyo1,k202,pA" k303)* . 1)

Since the fermions are left handed and massless, the
summation contains only one term so that we may write

e ZUﬁ

2xW

‘Pu,;x';.;

Py =FFroay Far, = Ry » )
where xw =sin20; I, i, label up- and down-type fermions
with Uj; denoting the mixing matrix. R, can be obtained
from the corresponding quantity ﬁu, for Wt — yff".
Explicitly, we have

ﬂua- -ﬁ;{}.glk;—* —ky- 3)

The convention for the polarization vectors of the vector
bosons follows the one in Ref. 11. A, was given in Ref.
12. We get, for example,

Vi+ a;
Ro+ = ‘1/_2 (z +A){ %+—2+1A + 5 |Afs—iAfa+ 1+ Afs+iAfs } 4)
y4
fl++-l z —A l+ ai Af3+iAf4+ 3+i Af5+iAf5 (5)
zZ Z+A V4 ’
—-—(1+z)\/z —AZ|— z+A )
I
and the relations and a; =2Q;, a;=2Q; with Q;=— %, o= 2 for quarks
_1 . and Q; = — 1, Q; =0 for leptons.
Af4 i7zAf2 Afs=—izAf7. @) Let y, y, be the rapidities of W and 7, respectively,
In the above fi 1 in the hadron center-of-mass frame, and let § be the in-
i the above lormufas, variant mass squared of the Wy pair and s be the invari-
2p- ks 2p-(ka—ky) @) ant mass squared of pp. We shall write
z= ’ A- ) 8
p’ p’ y=1G1=y2), y+=1@1+y)+a4,, ©
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where
MZ
sinh2A, =Dsinh2,, D=—2 (10)
R

The differential cross section for pp— W * yX is given by

do - 1 A P ] A _' A
T O 2507, {ERVHCNTICORY/ (ORY CRLICEET R (an
I
where N, =3 is the color factor, where

1—-D?
4(cosh2y +cosh2A;) cosh2A

is a Jacobian factor, and

J(G,y) = (12)

xa=vVrexp(y+), xp=rexp(—y4+), t=5/s. (13)

In Eq. (11), 6 is the angle between W' and the
positive-z axis in the parton center-of-mass frame. The
positive-z direction is chosen to be the direction of motion
of the proton. The x-z plane is chosen to be the interac-
tion plane and the positive x direction is chosen to be the
direction of transverse motion of the photon. cosé can be
expressed in terms of y and § as

MZ
1-=%. (4
A

- cosh2y —cosh2A; pr=
ﬁzsinh2y ’
We omitted the indices AA3, A'A3 on do and P in Eq. (11).

We shall employ the rapidity cut |y,| <V, |y,| <Y.
The integration range for y + is then given by

cosé

max | — ;—ln%’-, ly| —Y+a,

(15)

=<y+=<min

ity —|y|+a,

Each element of the polarization density matrix Py, .1y,
is a quadratic polynomial in Af; and so are the various
differential cross sections. We consider only doyaa,/dy
in this Rapid Communication and compute all the
coefficients of the corresponding quadratic polynomials.

In our numerical work, we choose Y =2, /s =2 TeV,
xw=0.22, Mz=94 GeV, the fine-structure constant
a= 5, and the following values for the quark mixing
matrix elements: Uya =0.975, Uus =0.222,
Uup =0.00954, Uy —0.221, U, =0.9644, U, =0.1455,
U4 =0.0231, U,;=—0.144, U, =0.9893. We use
Eichten, Hinchliffe, Lane, and Quigg'® (EHLQ) for the
parton distribution function. Af/s are taken to be con-
stant. Besides the rapidity cut, we also require that the
photon energy E, in the parton center-of-mass frame be
greater than E¢. E values ranging from 10 GeV to 200
GeV are investigated.

We shall present the results for the sum over all polar-
ization channels of the differential cross section first and
comment on the polarization dependence later. The
differential cross section can be written as

d

d__: =co+c (Af5+81) +6‘2(Af§)2

+e3(Afs+82) 2+ ca(AfE)?, (16)

Afi-Afz—EAf;;, Af;';-fAf2+Af3, an
17
Afs=Afe—€'Af1, Af1=€Af6+ASf7.

¢is, 81, 82, €, and €' are functions of y. We plot ¢y, ¢y, and
c; for y between — 1.0 and 1.0 in Fig. 1. When the cut E
is increased from 10 to 50 GeV, ¢ is reduced by one order
of magnitude while ¢; and ¢, hardly change. For
E¢=100 GeV, ¢y is at most of the order of 0.1 pb while ¢,
is reduced by 10% or so and ¢; remains almost the same.
€ and ¢' are at most of the order of 0.1 so that we can
neglect them. c3 and ¢4 peak at y =0 when they are 0.95
and 0.5, respectively, for Eo=10 GeV. |82| S0.5 over
the whole range of y. Hence we can ignore the last two
terms in Eq. (11) for Af{s in the region of interest
|Afi| S1. & is also small and is plotted in Fig. 2. Choos-
ing Eo=50 GeV and carrying out the integration over the
region —1.0 <y < 1.0, we find

o= 1.1+32.0(Af,)2+249.6(Af7)? (18)

in units of picobarns. Terms of the order of 1 pb in Eq.
(18) have been neglected except the constant term which
gives the standard-model prediction. For an integrated
luminosity of 1 pb ! at the Fermilab Tevatron, we may
obtain bounds of order 0.5 and 0.1 on Af> and Af, respec-
tively. To avoid the QCD background, one may have to
limit oneself to events in which W decays into leptons.
Then we may need a few pb ~! of integrated luminosity to
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FIG. 1. The coefficients cq, c1, and c; in Eq. (16) are plotted
against y in units of picobarns. The solid and dotted lines are
for E, greater than 10 and 50 GeV, respectively. ¢; and c; are
insensitive to the E, cuts.
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FIG. 2. Asin Fig. 1 but for the coefficient 4.

get the same bounds.

From formulas (4)-(7), one can see that the anomalous
contributions to the helicity amplitudes are dominated by
the contributions from Af, and Af7 so that it is difficult to
get useful information on Af3 and Af even if the decay
angular distribution of W or the polarization of the photon
is measured. This is confirmed by our numerical works.
Useful bounds on Af3 and Afs may be obtained from ob-
serving radiative decays of polarized W (Ref. 12).

Upon completion of this work, we received a paper by
Baur and Zeppenfeld which discusses the probing of the
yWW vertex at the CERN Large Hadron Collider and the
Superconducting Super Collider allowing also for the
most general yWW couplings. '*
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