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We examine the possibility of placing limits on the composite structure of the W boson by looking
for form-factor effects as well as a W anomalous magnetic moment (u /) in the processes W—evy,
ve—Wv, and Ve —Wy. We find the most sensitive reaction to variation in the magnetic-moment
parameter Ky is ye — Wv, which should be accessible at the Stanford Linear Collider and CERN
LEP. We find that all three processes are quite sensitive to form-factor effects for a compositeness
scale in the range 100 < A <350 GeV. From these reactions future experiments should be able to ob-
serve W compositeness from the effects of a nonstandard xy, form factors, or both. If such effects
are not observed, stringent limits on W compositeness can be obtained from these reactions.

I. INTRODUCTION

The discovery' of the W and Z bosons at CERN gives
strong experimental confirmation of the standard elec-
troweak model.> However, it is quite possible that the
standard model (SM) is not a fundamental theory but sim-
ply a low-energy effective theory. Therefore, to determine
if the observed W or Z is a fundamental gauge particle,
rather than a composite object, a detailed study of its in-
teractions must be carried out. If the W or Z is compos-
ite, we might expect (as in the case of hadrons composed
of quarks) that the first indication of compositeness will
be form-factor corrections to the propagator and/or cou-
plings of the gauge bosons. Also, a composite W would
very likely have an anomalous-magnetic-moment parame-
ter (ky) which is significantly different from the gauge-
theory value (apart from radiative corrections) of unity.

First we will consider form-factor corrections to the W
propagator and to the gauge-boson trilinear ( WWy) cou-
pling. To modify the W propagator we will multiply it by
a function Fp(g? A), which depends on the momentum
transfer (g2) of the virtual W and on the composite scale
(A). It was argued in an earlier work® that the simplest
form for Fp(qz,A) is the function

F(gLA)=(14+Ag%/AY)~ !, (1

where A= +1 so that Ag2>0. We see that as A>— o that
F—1 and we obtain the SM. As mentioned above we also
consider a correction to the trilinear coupling of the gauge
bosons. We assume, as for the propagator case, that the
vertex correction F, is obtained by simply multiplying the
SM coupling by the function given in (1). In our calcula-
tions we will consider all possible modifications to the
cross section/decay rate: Fp=1, Fy#1; Fp#1, Fy=1;
Fp+1, Fys£=1. Although in any realistic theory the true
modifications due to compositeness may be more complex
we treat this simple case here to get a feeling for the mag-
nitude of such effects.

For current low-energy experimental data if the com-
posite scale is in the range 0.1 <A <0.5 TeV (the range
which we will study in this paper), the form-factor contri-
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bution would be negligible.* However, as we will see, for
g2 of order A2 decay rates and cross sections may deviate
substantially from their SM predictions. In the near fu-
ture, accelerators will have center-of-mass energies which
may be comparable to A, so that form-factor effects
might become observable.’

Each of the interactions considered in this paper in-
volves the coupling of a W boson to a photon. We find
that deviations in the trilinear gauge-boson coupling
(WW<y) produces cross section/decay rates which differ
substantially from the SM results. In general a charged
spin-one boson would have an anomalous magnetic (i)
and electric quadrupole moment (Qy,) given by®

#W=L(1+Kw+kw),

Saf Qw = lkw—Aw),

where ky is the magnetic-moment parameter and Ay is
the quadrupole-moment parameter. The general WWy
coupling including ky and Ay has been determined® and
is quite complicated. Since our main purpose in this pa-
per is to obtain the magnitude of composite-boson effects
(therefore determining in which interactions composite-
ness effects may first be seen) we will make the simplify-
ing assumption that Ay is given by its SM value (A =0).
This also reduces the number of independent parameters
to only two: A and k.

A fundamental property of true gauge particles is that
their anomalous magnetic moments (k) are equal to uni-
ty (apart from radiative corrections). Therefore, it is cru-
cial that the particles observed at CERN meet this impor-
tant criteria. On the other hand, a composite gauge boson
would not be required to have xy =1 unless imposed by
some additional symmetry. Since we are considering the
possibility of a composite boson, we leave ky as a free pa-
rameter. We will see that the process ye— Wv is quite
sensitive to deviations in «y while the reactions W—evy
and ve — Wy are not.

In composite models of quarks, leptons, and gauge bo-
sons there exists the possibility of new thresholds which,
in principle, could compete with form-factor effects. If,
however, we assume, as we do here, that the fermion com-
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posite scale is much larger than that for gauge bosons
then we expect form factor effects to dominate.

For further discussion of the topics considered in this
paper the reader is referred to the literature.”

II. W—evy

The decay rate for the process® W—evy can be calcu-
lated from the Feynman diagrams shown in Fig. 1. The
matrix element can be written in the form

M= —Zi—%a(p, 15,,0(p2 e el , @

where €, (€}) is the W-boson (photon) polarization vector
and g is the electroweak coupling constant. S, is given
by

Suv=02p1- k)Y 1+ E)y,(1—75)
+(2p-k) "y (1 —y )Ty Fp (3)
where
LY ={—80u(2p —k)y+8oylp — (1 +Kkw)k],
+8up +Kwk)o} Fy
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FIG. 1. Feynman diagrams for the process W —evy.

the same form (1) we will drop the subscripts and label all
corrections as F; matrix element contributions will there-
fore be of three types F2, F!, or 1. We note that F2
corrections arise from the products FpFp, FyFy, or FpFy
which are indistinguishable experimentally. For this case
F is given by

(1—x3)My?
+—
A

-1

F=|1

Following the usual procedure we obtain the differen-
tial decay rate for this processes:

dr a’My

_ dx,dx, S12mxy @
and Fp (Fy) is the form-factor modification of the propa-
gator (vertex). Since the modifications Fp and Fy are of = where
|
Y2 Y4 2 2 2192
G=16 ;‘;“*‘ M2 +;‘2‘[A(2}’5}’6—}’4MW )+2By 1y2+2C(y 1y +y2ys—yiva) —2Dys My |F
w 3
+ 32p4ys+16ysy; —16y4y1 —32p6p1 + 16394 — 166wy 12
Y113
8y, )
|3z [((M4+kw)yys+ysya+yye)—yaMw —2ysyel |F,
'%
A=—1-2kpy;/My?, B=—22kp+kp’, (5)
C=2+4ky+(1+Kkw+rplly;/My?, D=4—4y;/Mp*—[(1+kp)y;/Mp’},
M
and the y; are given by 2E;
x,=—b7— , (7)
yi=prk=3(1-x;)My*, w

y2=pyk=5(1—x)My?,
y3=p-k=5x3:Mp?,
l ; ®)
Ya=p1pr=75(1—x3)My",
ys=p1p=3xMyp",
Ye=p2p=1%Mp?.

The x; are the conventional scaling variables defined by

where the E; are the energies of the final state particles in
the W rest frame.

This differential decay distribution is infrared divergent
upon integration over x; and x,. To eliminate this diver-
gence we cut off the photon energy by giving the photon a
small mass m, (m,=38my). In Table I the ratio
(W —evy)/T(W—ev) is tabulated for various values of
8. We list values for SM W’s as well as for composite
Ws. To obtain values for the width I'( W —evy) we per-
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TABLE 1. The ratio I'(W —evy)/T(W —ev) for various
values of 5. Both cases F! and F? (at A=100,350 GeV) are
shown as well as the SM result. Two different values of xy are
shown, k= +1 and k= —3.

A (GeV) 6=0.025 6=0.050 6=0.075
kw=+1 F 100 0.019 0.011 0.008
F 350 0.026 0.015 0.010
F? 100 0.014 0.009 0.006
F? 350 0.025 0.014 0.009
1 ) 0.027 0.015 0.010
kw=—3 F 100 0.020 0.013 0.008
F 350 0.027 0.016 0.011
F? 100 0.015 0.009 0.007
F? 350 0.026 0.016 0.011
1 o 0.028 0.017 0.011

form an integration of (4) over the variables x; and x,:

2-28-x, d’r

—Gz—xl *2 dxlde ; ®

1-8
( W—»evy):fo dx, f1
the results of this numerical integration can be seen in
Fig. 2.

We will first examine the case where we fix ky to be
the SM value (kp=1), while allowing for form-factor
corrections. Form-factor corrections are of two types F'!
and F2. The single power corrections F! include modifi-
cation of the gauge-boson trilinear coupling or the boson
propagator but not both; the F? corrections allow for
modification of both the vertex and propagator. We see
that for F!, A=100 GeV the decay rate deviates from the
SM prediction by roughly 25%. As A increases, deviation
from the SM rapidly decreases so that for A=250 GeV
the ratio I' /T'gy=0.95, only a 5% effect. For F? correc-
tions the deviation from the SM is much more pro-
nounced. We see that for the case F2, A=100 GeV the
decay rate deviates from the SM by approximately 45%:;
this is a much larger deviation than the case with only a
single power of F. However, as A increases the rate at
which the ratio I' /I"sy approaches unity is more rapid in

e

100 200 300 500 600

FIG. 2. The decay rate I'(W —evy)/T(W —evy)sy as a
function of the compositeness scale A; the cases F', F? and

kw=1,—3 are shown. The energy cutoff is taken to be
8§=0.025.
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the F? case then the F' case. So, even though for small A
the deviation from the SM is great, we cannot easily dis-
tinguish the possibility of large A from the SM. For ex-
ample, for A=350 GeV we need roughly a 5% measure-
ment to differentiate the two possibilities. Therefore, a
measurement of the decay rate I'(W—evy) provides a
good test for determining the compositeness scale if A is
less than 350 GeV. However, for A much greater than
350 GeV form-factor effects become almost negligible un-
less very precise measurements are made.

We have also examined the effect on the decay rate if
we let ky vary. We see that the decay rate is not very
sensitive to deviations in k. The general shape, as well
as the magnitude, of the curve remains about the same.
As shown in Fig. 2 the case kp = —3 gives roughly a 5%
deviation from the SM value. Thus, we see that this pro-
cess is quite insensitive to deviations in «p; therefore, it
does not provide a good test for determining the magnetic
moment of the W. We will see in the next section that the
process Ye— Wv is much more sensitive to deviations in

Kw.

III. ye—>Wv

Measuring the cross section for the process ye— Wv
will provide an important test of the properties of the W;
this reaction should be possible at planned e *e ~ accelera-
tors.” As we will see, this reaction is not only sensitive to
form-factor corrections but it is also quite sensitive to de-
viations in the anomalous-magnetic-moment couplings.

We evaluate the differential cross section' for this re-
action using the Feynman diagrams shown in Fig. 3. The
matrix element can be written in the same form as in (2):

M= ;’%mpz)s,wu(p, el , ©)

where S, is given by
Suv=12p1"k) "y (1—ys)p,+K)y,
—(2p-k)" Y (1—y )T o Fp
and T'Y,, is the same as in (3). The form factor F is given

by

F=

(My?—2x3) ]"

1
A

with x; defined below.

Calculating the differential cross section in the usual
way we obtain

7 (k) W(p) 4 W~
> e <
e (p) Ve (pa2) e ve
(a) (b)

FIG. 3. Feynman diagrams for the process ye — Wwv.
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FIG. 4. The differential cross section do/d cosé(ye— Wv)
at Vs =100 GeV and xp =1. Both cases F! and F? (at A=100
GeV) are shown as well as the SM result. The angle 0 is taken
to be the angle between the incoming e and the outgoing W bo-
son in the center-of-mass frame.

do ra?
d cos@ (ye—>Wv)= 64x s

(1—My?/s)H ,

8

X2 X4 +
(2x4+Mpy?)

X1 MWZ

2
+_—.—.—-—_—-—_——-—
X1(2X4+MW2)

2x,
Alw2

where 4, B, C, and D are given in (5) with the replace-
ment y;—x3. The x; are given by

=p k==,
X1=p 2

xy=py-k=5(s —Mp*)(1—cosf)=—u ,

x3=p-k=%(s +Mp>)(14+Bcosd)=1(M?—1),
(1
x4=p1-pr=7(s—Mp?)1+cosb)=—3t,

xs=p,-p=+(s +Mp?)1—Bcosh) =1 (M*—u),
x¢=pyp=7(s—Mp?,

where B=(s —My?)/(s +My?) and s, t, and u are the
usual kinematic variables satisfying s +¢+u =M2.

The results of our calculation can be seen in Figs. 4—8.
In Fig. 4 we see that allowing for form-factor effects
eliminates the zero at cos@=1. For cosf <0.5 the general
shape of the differential cross section as a function of the
cos@ curve does not appreciably change; however, the
curves with form factors are scaled down in magnitude

<~ _ _F.A2200 Gev

075

FZA= 100 Gev

0.5

ye—Wy,
/3 =100 Gev
K=+

0.25

L L 1 I
-09 -07 -05 -03 -0i 0.1

L L
03 05 07 03
cos 6

FIG. 5. The ratio R, given in Eq. (12), as a function of cos6.
Both F! and F? corrections are considered for the two scales
A =100 GeV and A =200 GeV.

(10)

5[ A(2x5x6—x4Mp?)+2Bx X, +2C(x 1 X6 +X3X5 —X3X4) —2Dx My *1F?
32x4x5+16x3x5—16x x4 —32x 1 x6+ 16x3x4 — 16K, Xx 1,

[—2xsx6+(14+Kp)(x2x5+Xx3x4 +x1x6)—-x4MW2] F,

—- Wy
5 =100 GeV

\7/3_

do /dcosB(pb)

-2
10 e i
-0 -06

02 002 06 10
cos 6
FIG. 6. do/d cos6(ye— W) for various values of kp .
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FIG. 7. do/d cos6(ye—Wv) for ky values near unity.

from the SM prediction. The magnitude of this scaling is
best illustrated in Fig. 5 where we see that for A = 100,200
GeV the ratio

do/d cos@

= (do/d cosB)ey (12)

significantly deviates from unity. The deviation is
greatest near cos@=0 where for the extreme case (F2,
A=100 GeV) it is roughly 50%. In contrast with the
above case we see that to distinguish the case F 1 A=200
GeV from the SM we need a 10% measurement. The
curves with both corrections (F2) are more suppressed
than the F! case, as we would naively expect. The diver-
gence of the graph for small angles is simply due to the

T T T T T T
8 ye—wy, J

VS 2100 Gev
x=-3

+ ANNY

T
<

{pb)

|

do
d cos §

-06 -0.2 0.2 0.6 1.0
cos 8

FIG. 8. The same as in Fig. 4 with k= —3.
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zero in the SM result. Since the total cross section for
ye— Wv is approximately 1 or 2 pb (Fig. 4) we would ex-
pect ~500 or so events of this kind per year at a luminosi-
ty of 10*! cm~2sec™! and so we would expect to be able to
do a 10% determination of do/d cos6 reasonably quickly.

The ye— W process is also very sensitive to deviations
of ky away from unity. In Fig. 6 we see that k1 not
only is the magnitude of the do/d cos@ curve significant-
ly changed but also the shape of the curve. For example,
at cos@=0 the ky =2 prediction is three times as large as
the SM prediction. It is also important to note that by al-
lowing ky to vary eliminates the zero at cos6=1 allowing
a clear signal for variance from the SM. In Fig. 7 we see
that a measurement at the 20% level would allow us to
limit xy to the range 0.9 <ky < 1.1, which is a very
stringent limit. In Fig. 8 we allow for the possibility of
both a form-factor contribution and a nonstandard xy
value; the situation then becomes quite confused. The ef-
fect of the form factors is to decrease the amplitude for
most cosf, while the ky variation depends markedly on
the angle. Since the kp variance is largest it plays the
role of the dominant factor. Thus, we have seen that the
ve channel is very sensitive to both ky and form-factor
alterations of the SM; hence, this process provides a good
test for compositeness of W bosons.

IV. ve > Wy

To create a W via the process'! 7e— Wy requires
very-high-energy neutrinos, such neutrinos can only be
found in cosmic rays; at a large neutrino detector such as
DUMAND? such reactions should be observable.

By crossing symmetry we can obtain the diagrams for
the process ve — Wy (Fig. 9) from the diagrams of Fig. 3.
The matrix element can be written in the form

M= 2"—‘%5@2 )S v (p1)elyel (13)

where S, is given by
Suy=02p1"k) "y, (1—ys) g1 —K)y,
+(2p-k) "y (A —ys)T o Fp

where ')\, is obtained from (3) by letting k— —k. The
form factor F is now given by

-1
S

F=11+75

Vo P2) W (P)

e (P 7{x)
(a)

FIG. 9. Feynman diagrams for the process ve — Wy.
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TABLE II. The differential cross section do /d cosé (pb) for
the process ve — Wy. Tabulated are various values of cosf, kw,
and Vs. The angle 6 is defined as the angle between the incom-
ing electron and the outgoing W boson in the center-of-mass
frame.

cosf
Vs (GeV) «ky —08 —04 0 0.4 0.8
100 —3 306 852 401 207 104
1 291 742 316 136 3.60
3 290 749 337 163 5.90
200 —~3 387 188 138 132 159

1 18.1 3.83 1.52 0.70 0.22
3 20.0 6.27 4.58 4.38 4.50

The differential cross section for this process is

do ra?
_ W)=
d cos@ (ve—~Wy) 64x s

(1—-My?/s)H , (14)

where H is the same as the ye— Wv case and the x; are
those in (11) with the interchange of s and ¢ due to cross-
ing symmetry.

In Table II we have tabulated do/d cosé for various
cases. We see that as cosf@ approaches unity that
(do/d cosB)gy approaches zero. As in the ye case modi-
fication of the gauge couplings via either xy or form-
factor corrections eliminates this zero. We see in Table II
that this process is not very sensitive to deviations in xy
for Vs =100 GeV. However, as Vs increases do /d cosf
begins to diverge from the SM (the trade off is that the
magnitude of do /d cosf decreases substantially). In Figs.
10 and 11 we see that form-factor effects are quite sub-
stantial. For 6., >90° the deviation is roughly 50%.
For small 8 the deviation is very large (due to the SM zero

3
10 : T - T

ve ~Wy
V5 = 100 GeV

x =+

(pb)

do
dcosé

-0.8 -0.6 ’0:4 ’OTZ [0} 0.2 0.4
cos 8
FIG. 10. The differential cross section do/d cosO(ve —Wy)
at Vs =100 GeV and ky =1. Both cases F' and F? (at A=100
GeV) are shown as well as the SM result. The angle 6 is the
same as in Fig. 4.
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ve =Wy
Vs = 100 Gev

x T 4+

0.25f

H L I
-09 -07 -05 -0.3 -ClI [oB} 0.3
cosé

05 07

FIG. 11. do/d cos@(ve —Wy) normalized to the SM value.
Both cases F' and F? are shown for various values of A.

at cos@=1) but do/d cos6 is small. In Fig. 12 we have
allowed for both a form-factor contribution and a non-
standard ky . The result is nearly the same as in Fig. 10
with deviations being slightly greater due to the extra
suppression from ky effects. Thus, we have seen that this
process is fairly sensitive to form-factor effects but not
very sensitive to ky effects. However, the difficulty in
observing this process experimentally discounts it from
being a good test for boson compositeness.

03
e — Wy
/5 =100 GeV
=3
\
L\
v\
\\
\
Vo
\ \
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\ N
2 0%} \ x
~ - \
o N
o é \\\i\@ QDA\\
’ e
3 \4\\/0 1/\\&:44
3NN
G, . N
LN
NN
\\\ \\\\\
\\\ \\\\
\\\\\ AN T~
\»\\
10
-08 -06 -0.4 -02 o 02 04

cosé

FIG. 12. The same as in Fig. 10 with kp = — 3.
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V. CONCLUSIONS

In this paper we have examined both form-factor and
ky effects in the processes W-—evy, ye—Wwv, and
ve— Wy. In general we have found that a composite W
will have a lower decay rate/cross section than a SM W;
the deviation is greatest when both propagator and vertex
corrections are taken into account. We found that all
three processes give a clear signal for compositeness if
A <350 GeV. For A >350 GeV it becomes quite difficult
to distinguish a composite W from the SM boson, hence a
study of these processes would not be very useful in con-
straining A to values much greater than 350 GeV unless
very sensitive measurements were possible.
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We have found that the reactions W-—evy and
Ve — Wy are quite insensitive to deviations in k. On the
other hand, the reaction ye— Wwv is very sensitive to ky
deviations; a precise measurement of do/d cos6 for this
reaction can constrain ky to values within 5% of its SM
value.

In examining combined form-factor and «y effects we
find that we have mixed results. In the ye— Wv case the
ky effect is dominant while in the other two cases form-
factor effects are most pronounced.

It is quite possible that future experiments will uncover
another substructure of matter. We have found that the
WW7y vertex is very sensitive to form-factor and «y ef-
fects; hence, processes containing this vertex will provide
an early signal for physics beyond the SM.
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