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ABSTRACT

WHW* production cross-sections at SSC and LHC are studied with the considera-
tion of anomalous three-vector-boson couplings Ak, = K, — 1 and Akz = xz — 1. It is
shown that the effects of these anomalous couplings are measurable even if they are as

small as O(10~3) — 0(107%).
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The prediction of the Standard Model (SM) for the three-vector-boson couplings
WW~ and WW Z have not yet been tested with significant precision. It is important to
test these couplings since any observed deviation could provide some hints of new physics
beyond the SM. The vector-boson self-couplings in the SM are fixed by the SU@2)LxU(1)y
gauge structure. As an anomalous coupling, one can add to the SM couplings an extra
term{1I3];

AL = —igy(ry — WWIW,VH ‘ )

where W* is the W~ field, V# stands for the photon or the Z field, V#¥ = g¢V¥ — g¥V*#
, 97 = gsinbw and gz = gcosbw . The SM values of kv are k, = xz = 1. The deviation
Akz = k3 — 1 violates the gauge coupling relation between the 3-vector-boson and the
4-vector-boson couplings, so that we expect that it may give rise to considerable effects at

very high energies.

There have been various studies of the detection of Axy. It is shown that effect
of Axy > O(107Y) in e*e” — WHW ™ can be detected at LEP II !, and the same
sensitivity can be obtained at SSC and LHC through the processes pp — Wy X[l and
pp - WEzXxl4 |

In this letter, we calculate the cross-sections of W W™ productions at SSC and

LHC considering the anomalous couplings Ax, and Axz . WtW production is advan-

tageous in studying strongly interacting longitudial vector boson (W},) scatterings since

the backgrounds from the SM (no g, g¢ annibilation backgrounds) are small ¥l§], In
the usual studies, the self-couplings of the vector bosons are assumed to be the the SM
couplings, and the corrections to W W, scattering amplitude come from the exchanges
of heavy quanta(e.g. heavy Higgs boson etc.). Here we also assume that there are no ex-
changes of light quanta like the light Higgs boson etc. Then the corrections to the Wy W,
scattering amplitudes come mainly from the anomalous three-vector-boson couplingsqu,,

and Axyz since the contribution from the heavy quanta exchange is much smaller. Since



Axy induces unitarity violation at high energy, there must be limitations on them. The
s-wave amplitude of W} W scattering is

8 28?

%= T16xvT 3xvt

((:082 fwAxz + sin? fwAx,), (2)
where v = 246 GeV . We require |ag| < 1 at 1 TeV and find that the limitations are

—07x 1073 < Axy <49x 1073, for Ax, = Axz = Axy ,

-13x1072 < Axg < 63x10°%, for Ak, =0, (3)

~42x1072 < Ak, <21x 1072, for Az =0.
Equation (3) shows that if there are no anomalous four-vector-boson couplings, the anoma-
lous three-vector-boson couplings Ax., and Axz should be at moset of the arder of 10~3 —
10~2. Therefore they can neither be detected at LEP II through the W* W~ production,
nor be detected at SSC and LHC through the W*+y and W* Z productions. We shall show
that one can detect these small anomalous couplings through W+W+ productions at SSC
and LHC.

We calculate the full tree level electroweak process ¢ig; — ¢sqsW W+ in three
cases: {a) Ak, = Axz, (b) Axy, # 0, Axz =0, (c) Axy = 0, Axz # 0. It has been
shown in Ref.[5] that the backgrounds from gluon exchanée process in ¢1q3 — gsgW W+

and the W production can be efficiently suppressed by taking the following cuts:

0.5 TeV < Mww < 1.0TeV, |yw| < 15, M
No jet with pr(s) > 60GeV, |n(s)| <3.0 .

Although one can not reconstruct W+ in its leptonic decay mode, one can use an equiv-
alent lepton cuts to achieve the cuts on W+ Bl. With the cuts given in (4), the only
important background to the anomalous coupling signal is the production of W+W* from
the electoweak process ¢;¢; — qsq«W W™ with the SM couplings x, = xz = 1. In our
calculation, we use the computing program PAPAGENO version 3.33["1 | and the parton
distribution functions are taken to be the EHLQ Set II®l (A = 200 MeV') with Q* = M.

The background cross-sections at SSC and LHC are:
SSC(\/a=40TeV): op =224 fb,

(5)
LHC(\/3=16TeV): ap =348 fb.

Since the anomalous couplings Ax., and Axz contribute to the W} W} production
cross-section with a Wifwf dependencef““", they influence mainly on W} W produc-
tions at very high energies. We list in TABLE I-III the W/ W} production cross-sections
for the three cases stated above. The ratio o(xy)/o(1) = Mﬁﬂ%ﬂﬂﬁﬂ indicates the
percentage of the change of cross-section induced by Axy. The curves of o(xy)/o(1) ver-
sus Axy are shown in Fig.1 (A)—(F). The W W} invariant mass distributions of W} W}
productions for Ak, = Axyz case are given in Fig.2 (A)—(D). If we assume that 50%
change of cross-section from the‘SM coupling background is detectable, then we obtain

the following detectable regions of Ak, and Axyz :

LHC :

Ky =Kky=Kz, Axy >13x1073, —48x 1073 < Axy < ~-2.2x 1073, ®)
kz=1000, Aky257x107%, -21x107% < Ax, < -96x 1073,

Kk, =1.000, Axz >1.7x107%, —-82x 1073 < Axz < -29x107%;

S58C :

Ky =K, =Kz, Axy 214 %1073, —47x 1073 < Axy < —2.4x 1073, )

Kz =1000, Ax,>60x10"%, -20x107% < Ax, < -1.1x 1072,
xy=1.000, Axz >19x1073, -6.1x107% < Axz < ~3.0x 1073
If we further assume that there are about 30% systematic error of calculation and
detection, then one needs a statistical error less than 40% to have the error of total cross-
section < 50%. To have statistical error < 40% with 95% C.L., more than (1.96/0.4)? = 24
events are needed. Assuming SSC and LHC have yearly integrated luminositi/es of 10pb~*
and 100pb~*, respectively, BR(WtW+ — I*ul*v) = 5%, we find that it needs about two

years running at SSC and one and half years running at LHC .
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We have assumed that there is no light quanta (like light Higgs boson) exchange in
our calculations. If there is a light Higgs exchange as in the SM, then W7} W} scattering
is weakly interacting. The anomalous couplings will then enhance the W+tW* production
cross-section significantly as if W/} W is strongly interacting, and this enbancement is
observable. We conclude that W¥W™ production is a good process for obtaining anoma-
lous three-vector-boson coupling information. Its sensitivity to Ax, and Axz is about an
order of magnitude better than the known processes like W*~ and W*Z productions at

8SC and LHC.

We are grateful to I.Hinchliffe for giving us the program PAPAGENO.
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TABLE I  W/W; production cross-sections at SSC and LHC when ., = xz. TABLEIII W/ W} production cross-sections at SSC and LHC when &, = 1.000.

o(xz)/o(1) = 2udeal=ous(ison : o(rg)/a(1) = 2lesl-guilliton
SsC LHC $SC LHC
Ary = Axg | oL(fb) | o(rz)/o(1) | o1L(fb) | o(xz)/o(1) : Axg | orL(fb) | o(xsz)/o(1) | arr(fb) | olxz)/o(1)

0.005 68.1 347 11.8 369 0.005 | 520 2.71 8.87 2.84
0.002 31.1 1.77 5.26 1.81 0.003 326 1.84 5.79 1.96
0.000 13.8 1.00 245 1.00 0.002 26.0 1.54 4.52 1.59
-0.002 4.34 0.58 0.82 0.53 0.000 13.8 1.00 2.45 1.00
-0.005 3.91 0.56 0.61 047 —0004 | 227 0.49 0.45 0.42
~0.008 18.8 1.22 2.99 1.16 -0008 | 1763 0.72 1.20 0.64
—oo11 | s02 | 263 7.95 2.58 : ootz | 282 164 4.54 1.60

~0.016 | 65.8 3.32 106 3.34

TABLEII W7 W} production cross-sections at SSC and LHC when xz = 1.000.
_ -
o(ky)/o(1) = elta)eelllion

SSC LHC
Ay | ouu(f) | o(m)/o()) | a1a(rb) | o(xr)/o(1)
0.008 29.3 1.69 5.10 1.76
0.005 23.0 141 4.01 145
0.002 174 1.16 3.02 1.16
0.000 13.8 1.00 2.45 1.00
—0.005 717 0.70. 1.35 0.68
-0.010 3.29 0.53 0.64 0.48
~0.020 2.92 0.51 0.48 0.44
-0.030 12.3 0.93 191 0.84
-0.040 30.0 1.72 4.76 1.66
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FIGURE CAPTIONS:

Fig.1 (A): o(xz)/o(1) ~ xz relation at SSC when £, = xz.

Fig.1 (B): o(x,)/0(1) ~ &, relation at SSC when «xz = 1.000.

Fig.1 (C): o(xz)/e(1) ~ 3z relation at SSC when x, = 1.000.

Fig.1 (D): o(xz)/o(1) ~ xz relation at LHC when x, = x3.

Fig.1 (E): ¢(x,)/a(1) ~ x, relation at LHC when xz = 1.000.

Fig.1 (F): 0(xz)/0(1) ~ &z relation at LHC when x., = 1.000.

Fig.2 (A) W/ W/ invariant mass distributions of W} W} productions at SSC with x, =
xz = 1.000,1.002,1.005 .

Fig.2 (B) W W invariant mass distributions of W W} productions at SSC with x., =
xz = 1.000,0.998,0.995,0.992,0.989 .

Fig.2 (C) W} W/ invariant mass distributions of W} W} productions at LHC with k., =
xz = 1.000,1.002,1.005 .

Fig.2 (D) W} W invariant mass distributions of W7} W} productions at LHC with s, =

xz = 1.000,0.998,0.995,0.992,0.989 .
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