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W boson weak electric dipole moment in pp(pp) - W* Z°X
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We introduce an anomalous weak electric dipole moment of the W boson to study the process pp(pp) — W*Z°X. We compute the
invariant mass spectrum of the W Z pair, and the total cross-section production.
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Estudiamos el proceso de produccién de bosones pp(pp) — W*Z°X introduciendo un momento dipolar débil eléctrico anémalo del
bosén W . Presentamos resultados para el espectro de masa invariante del par W Z, y la seccién total de produccién.

Descriptores: bosén W, seccién total de produccién
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1. Introduction is a proton (antiproton), and X denotes a final state hadron.
We shall show that similar results as in [1] are obtained here.

To calculate the mass spectrum of the WV pair pro-
duced in pp or pp reactions, we write the angular differen-

In a previous paper [1] we studied the effects of a pos-
sible anomalous W boson (weak)-electric dipole moment

Ry in fif; = WV, where f; and f; ase Twe members  yia] cross-section at the quark level, ¢;g;. If 8 is the an-
of an SU(2) doublet of elementary fermions in the stan- gle of the W boson with respect to quarf< g;, We can write
dard model of electroweak unification (SM), and V' is a  ; _ bz, where @ = —s(1 — €)/2, b = s3/2, 2 = cos,
hoton or a neutral Z boson. We showed that the angu- _ 2 2 _ 5 BV B
Far differential and the total cross-sections are sensitivegto and.z= (Wl I, @ =g ¥ =u)e 4My, My /5%,
%y and that they are of the same order of magnitude than
those contributions coming from the anomalous W boson
(weak) magnetic dipole moment xy. The purpose of this
paper is to report results for the effects of Ky on the in- do(qig; = WV) do do
variant mass of the WV pair and on the total cross-section o (5) (E) , (1a)
in the hadronic reactions pp (pp) — WZX, where p(p) e AL

Then, splitting in the sum of two terms, the angular differen-
tial cross-section at the quark level is given by

| with
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the SM contribution,
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Figure 1. Invariant mass spectrum of the W Z pair for (a) pp —
W~Z°X, (b) pp — WHZ°X, (c) pp = W™ Z°X, and (d)
pp— W*Z°X . Weuse |Y| < 2.5, and the center of mass energy
is v/§ = 20 TeV. Labels on curves denote values of % 5.

for the non-standard model contribution. In Appendix A we
give all the functions and parameters appearing in Egs. (la)
to (1c).

The invariant mass of the WV pair (V = yor Z) is dei,

pp—W'Z'X. &, (a) pp—-W'Z'X. &, (b)
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Figure 2. Total cross-section as a function of V'S for (a) pp —
W-2°X. (b)) pp = WHZ°X, (¢) pp — W~ Z°X, and (d)
pp — W1 Z%X | Labels on curves denote values of K z.

fined by M = /(p1 + p2)%, with p? = M3, and p3 = M.
Denoting by /S the total energy in the pp(pp) center of
mass reference system, we have that 0.2 TeV < M <
V5. Then the differential cross-section for pp(pp) —
W Z X is given by [2]

do(ab =+ WZX) 2M Y a ‘ :
srlpbe % WAR) = f dys [f} (0, M2) 3 (24, M?)
i =Y

dM

+ f}“)(ma, M2 (z,, M?‘)] dz

Here f}“)(wa, M?) is the quark g; distribution function
inside hadron a, f\"(zy, M?2) the corresponding one for
quark g; inside hadron b; s = 7.5, where 7 is the scale fac-
tor defined by x,, = e*¥ /7. The integration over y, is
performed assuming an interval (Y, —Y"), where Y is the so-
called rapidity cut.

Integration in the variable z in Eq. (2) can be done ana-
litically, but the one in y; is performed numerically, since
the quark distributions functions, given in Appendix B, are
quite complicated. The results are shown in Fig. 1 for the
case V' = Z: we have used the Set 1 of Duke-Owens [3] for
the distribution functions, and considered contributions from
valence and sea u, d, ¢, and s quarks only. Fig. 1 shows that

%o do(qiﬁj — WV)

= . (2)

—zo

l

the contributions from &, are similar than those coming from
K, in the same interval of values [4].

Integrating Eq. (2) over M yields the total cross-section,
and as a function of /S is plotted in Fig. 2 for 2 < 8 £
100 in TeV, and |Y'| < 2.5 . Here again our results for %, are
similar to those coming from & .

In summary, in this work we have complemented pre-
vious results by us, for the posible effects of an anomalous
(weak) electric dipole moment of the W boson. From the
above results we observe that the contributions from k, are
of the same order of magnitude than the corresponding re-
sults for #,, when both are in the range (—2,2). A final
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coment on this range of values is as follows. The origin of
ky is related to the violation of the CP symmetry, and in the
SM this comes from the interactions of the W boson with
the quarks. Then a term like K, arise via radiative correc-
tions, starting at the three-loop level [5], which means a very
small value. Since xy is related to a CP-even property of the
W boson, radiative corrections to its value at tree-level
( £y = 1)start contributing from the one-loop level, leading
to a value bigger than &,. Then, within SM, the contributions
from £, are suppressed compared to the contributions from
kv for the kind of observables computed in this work [6].
A different situation occurs in the minimal supersymmetric
SM, where the W boson could have a non-vanishing electric
dipole moment through a one loop diagram mediated by the
heavy massive charginos and neutralinos [7]. In composite
models the situation can be less restrictive, since as is shown
in [8] for #,, simple model calculations give a significative

Appendix A

The various functions appearing in Egs. (1b)—(1¢) are:
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enhancement of one or two orders of magnitude for the ra-
diative corrections. Thus, if the W boson turn out to be non-
elementary, one can expect a x, of the order 10~! and its
contributions be not much supressed. Nevertheless, as we
have shown in this work, only if k, is as big as in Figs. | and
2 its contributions are competitive regarding to the physical
observables considered here. For smaller values of &, it is
required a very great accumulation of data than is expected
from the experiments now running in the Tevatron, and in
the analogous experiments at LEP collider. As we have com-
mented above a different situation emerges when we study
the helicity amplitudes at the elementary fermion level [6].
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Appendix B |
To evaluate Eq. (2) we use the following set of valence quark where
distribution functions:
Tud M -
Nyg = 1) e 52
Uy + iy =-Nyd -rm_l(l == I).'n(l + Yud ), (B.1) - 3{8(”1 s b [1 N (1 45 772):| } B
-1
- Yd 13
| = Ng = < B3, Nil+ — : -
dy = Nyga® {1 =] ™1+ yw), (B.2) ¥ { (7,74 + )[ * (1+m3+ m)] } B4)
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B(x,y) is the Euler beta function. The sea quark distribu-
tion function are:

T Ti T (_fs =8y == (%)A,In_l(l — I)b

x (1 +az + Bz + v2?), (B.5)
& == Aca:"'_l(l - :r)b’
x (14+a'z+ 3z ++'2%). (B.6)

Here i {I — 11 2131 4)! Yuds Yds Asv AC- a, b» af; br» «, ,Ba s
o', ', and ' are functions of

(B.7)

-l ()/u(%)]

where A? = 0.04 GeV?, and Q2 = 4.0 GeV2. In Eq. (2) 2o
is related to y, by

20 = min [y tanh(Y — y).1],
with

M2 - M;%] -

S

Fﬁ'W = B [1 +
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