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Bounds on the Magnetic Moment of the 8'Boson
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Using the preliminary results for pp 8'yX from the Collider Detector at Fermilab, we obtain infor-
mation on the magnetic moment of the 8' boson. At 90% C.L. we find the bound —9.9~ x «12.3,
which is consistent with the standard model value ~=1. We also consider the radiative decay 8' evy.

PACS numbers: 14.80.Er, 13.40.Fn, 13.85.Qk

It is now eleven years since it was discovered by Mikae-
lian, Samuel, and Sahdev [1] that the angular distribu-
tion for dtt W y(ud W+ y) vanishes at a certain
angle provided the magnetic moment of the 8' —has the
gauge-theory value p =ge/2M@, with g=tc+1 =2 or tc

=1. They proposed using thip peculiar behavior in pp
and pp collisions, pp or pp 8' —yX, where a dip per-
sists, as a means of measuring the magnetic moment of
the 8'and testing the standard model.

Preliminary results are now available from the Collider
Detector at Fermilab [2] (CDF). Although the number
of events is quite limited (integrated luminosity X=4.3
pb ) and one cannot yet obtain an angular distribution,
we wish to show in this Letter that one can already obtain
bounds on x from the total number of 8'y events as well
as the number of radiative 8' decays, 8'+ e+vy and
8 e vy.

The formula for the cross section for Wy production is
given by

cr(pp —W yX) = —, g dxg dxtt[P; (x~)P„(xtt)cr(q;q„W-y)+P„(x&)P; (»-)tT(q;q„—W y)„;],
l =d, S

where

8(qt(k))q, (kp) W (P)y(k)) = V~ Z24z'Q ~w GF t +u +2sM~
S phase space ut

gz.u
—t

u+t
2

+ „ tu+(i +u )
2(i+u) ~ 4Mi22

(2)

and where

s=(ki+k2), t =(P —ki), u =(P —k2)

with

s+t+u =M~,
and V'j is the Kobayashi-Maskawa matrix element. Z is
the zero factor,

Z =Q;+ui(i+u),

Q; is the electric charge of the quark q;, and tl =tc —1.
The contribution of the sea quarks has been included in

Eq. (1). This expression is in agreement with the angular
distribution formula [1].

To obtain the total cross section a.~„we perform the
integrations over the parton fractions and over the phase
space, using a Monte Carlo routine. We use the Duke-
Owens [3] parton distribution functions. The following
cuts are imposed, chosen to agree with the cuts imposed
in the experiment [2]: (1) the transverse photon energy
ET, & 5 Gev; (2) the photon pseudorapidity ~ri, ~

(3.0;

cry ), =38.68 0.26@+0.64@ pb . (3)

We next calculate the number n of pp 8'yX evyX
events to be expected at CDF for any given g. To do this
we use CDF electron and photon acceptances and their
detection efficiencies as given in Ref. [2]. The electron
acceptance factor A, =0.41 with fudicial cuts included,
and its detection efFiciency 8, =0.67. The photon accep-
tance factor for g, ~ 3 is estimated to be A~=0.54 and
its detection efficiency A'„=0.50. Reference [2] has also
estimated the QCD correction factor tr ov (for the Drell-
Yan process) as 1.3. The QCD corrections for pp

8'yX have been calculated by Smith, Thomas, and
van Neerven [4]. Using these factors, we get from Eq.

With these cuts, the Wy production (W++ W ) cross
section is computed to be
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n =crw„j-B(W ev)KovA, +,A„e,
= 1.76 —0.012@+0.029g 2, (4)

5.00

where we have used the branching ratio B(fvV ev)
=0.11.

The experimental value is n =2; however, these two
events could be background. If, however, we use the
more conservative bound, n & 5.32 (90% C.L.), we obtain
the bound

4-.00

3.00
C4
0

—9.9~ K ~ 12.3.
2.00

These bounds can be seen in Fig. 1.
Our results for tTw„at Js =1.8 TeV are

38.68 pb, K =1,
op~=' 39.58 pb, K =0,

41.74 pb, K = —1.

For the radiative 8'decay case, we obtain the result

1.00
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F16. 1. The number of events n(pp WyX evyX) as a
function of rc. The lower horizontal line corresponds to 2 events
and the upper one to 5.32 events (90% C.L.), respectively.

a(pP e vs) = —,
' g dx~ dxs 6(sx~xe —Mw) [P; (x~) P(pxe) r(rq;( k)iq„(kq) evy)

i =d, s

+P„(xg )P; (xe)rT(-q; (k2)q„-(k i) e vy)],
where we obtain o., using the zero-width approximation, as

48 4 2 r

8(q;(ki)q~(k2) W (q) e (pi)v(p2)y(k)) = V~B(8' ev) [Z' A —Z'qB+tl C],
5 sin Og

& phase space

where Z' is the zero factor,

Z'=Q;/Q Pi. k/q k, —

and
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The standard model (SM) term given in the above equa-
tion is in agreement with the calculation of Cortes,
Hagiwara, and Herzog [5].

Using the same cut, acceptances, and efticiencies as be-
fore we obtain the quadratic equation in g for the number
n of pp WX eve events,

n = 12.09 —0.2441 @+0.001 957@ (10)

If n(pP WX evyX) ( 18 (90% C.L.) [6], we obtain
the bound

—19.8 ~ ~~ 147.

Hypothetically, if instead we assume n (pP WX
evyX) ( 12 at the 90/o C.L., we find a bound ir) 1 in

violation of the standard model. In view of this, it is
clearly necessary to establish the correct magnitude of
this number experimentally. We have used the same [7]
KDy for WyX and for eve%. In principle, KDy depends
on the process involved and the cuts used, but the
difference is much smaller than the uncertainties in L,
A, and 8, so we have chosen to ignore the difI'erence.

The very loose bounds that one gets in the pp WX
eve% case compared to the pp WyX eve% con-

sidered earlier can be traced directly to the differences in
the production mechanisms for the W in the two cases,
and to the effect of the cuts imposed on the SM term rel-
ative to the non-SM term in the two cases. Note that in

Eq. (7) there is a 8 function involving parton fractions
x~,xs which is not there in Eq. (1), whose effect is to
reduce the cross section obtained from Eq. (7) relative to
that obtained from Eq. (1). The effect of the cut imposed
on the SM term in the pp 8'yX eve% case is such
as to decrease it enormously relative to the g and g
terms. Had there been no cut, then the SM term in the

pp WyX evyX case would have been many times
larger.

For any re&1, it is well known that there is violation of
unitarity at tree level in Wy production, and some mod-
el-dependent scheme is needed to preserve it [8]. Model-
dependent schemes will give a less restrictive bound on K.

Our attitude has been to first find out whether x sizably
difI'erent from 1 is necessary for the data to be fitted.

Only if such a nonstandard value is established would it
be worthwhile introducing model-dependent parameters
in our calculations, to preserve unitarity.

In conclusion, we have shown that the preliminary re-
sults from CDF can be used to obtain bounds on x and
the magnetic moment of the W boson. From pp WyL
we have obtained the conservative limit —9.9 ~ ~ ~ 12.3
with 90% C.L. Our results for the radiative decay case
are much less stringent. In the future the experiment will

be much improved. The integrated luminosity is expected
to increase by a factor of 5 in 1991 and a further factor
of 4 by 1993 reaching up to 100 pb ' and possibly up to
1000 pb by 1997. With an integrated luminosity 20
(100) times greater, with increased statistics, one can
expect an improved bound —28 ( x (5.2 ( —1.5 ( K(3.8) compared with the current bound in Eq. (5).
With a large number of events, however, one can obtain
an angular distribution for pp WyX, which is much
more sensitive to ~ than the total cross section used here.
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