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We study the possibility of measuring the CP-odd electric and weak-electric dipole moments (edm and wedm, respectively) of the W -boson
through an analysis of the helicity amplitudes in the process f, f, — WV (1" = ~ or Z"). where f, and f, are elementary fermions. We
show that, for example, for the initial state e#., such moments can be detected in the angular distribution of the final state pair when their
helicities are (0, &) for V. = 5, or (£, 0) and (0, £) for V = 2",
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Estudiamos la posibilidad de medir tanto el momento dipolar eléctrico del boson W, asi como su momento dipolar débil eléctrico a través
del andlisis de las amplitudes de helicidad del proceso fif; — H'i‘l'(l" =~ 02"), donde f; vy [, son fermiones elementales. Mostramos
por ejemplo, que si consideramos inicialmente er,., tales momentos pueden ser detectados en la distribucién angular del estado final cuando
sus helicidades son (0, £) para V = v, 0 (£,0) y (0, £) para V" = Z°,

Descriptores: Boson W momento dipolar débil eléctrico; amplitudes de helicidad
it P I

PACS: 14.80.Er; 12.15.Ji; 12.50.Fk

1. Introduction

An aspect of the standard model (SM) of electroweak uni-
fication, based on the gauge group SU(2); x U(l)y, to be
tested experimentally is the three-vector boson couplings
W W~ and WW Z. The explicit tensor nature of these ver-
tices is a consecuence of the gauge structure of the model.
The vertices, in turn, are responsible for the characteristic
electroweak properties of the spin one elementary charged 1V
boson, the (weak) electric and magnetic multipole moments.
In particular its electric dipole moment (edm) is predicted to
be quite small, arising at the three loop level [1]; an expected
result since this moment does not respect the CP symmetry.
Using the experimental value for the neutron edm, the cor-
responding edm value for the W boson, d, = ek, /2Myy,
is bounded by [2] £, < 107% It is expected that the anal-
ogous CP violating weak edm, dz = ekz/2cosby My
be also bounded by [3] iz < 107*. On the contrary, the
CP-even (weak) magnetic dipole moment py = ey (1 +
iy 4+ Ay )/2M . and the (weak) electric quadrupole mo-
ment Qv = ey(ky — Av)/M§,, with ky = 1+ radia-
tive corrections and Ay = 0+ radiative corrections are ex-
pected to dominate in processes where the complete vertex
WWV(V =~ or Z°) is taken into account. This is so when
the resulting cross-section is summed over all helicity states.
The situation is different when we compute definite helicity
amplitudes, as we show in this work.

The method of helicity amplitudes has been used to study
anomalous couplings of the W boson; for instance, in the re-

action f,f; — W=+ where f; and f; belongs to an SU(2);
isodoublet of elementary fermions, it was shown [4] that
the amplitude exhibits, at the Born level, a zero. Anoma-
lous couplings spoil that zero, indicating a possible non ele-
mentary nature of the gauge bosons. Other related processes,
like [5] W — ff'~, also exhibit this zero. Recently Baur
et al. [6] studied the process f!f_,- - W=Z, for CP even
anomalous couplings. showing that the amplitude exhibits
an approximate zero. One can see that the helicity ampli-
tudes AM (hy . hry') coming from the SM couplings and the
anomalous CP-even couplings, Axy = 1 — sy and Ay,
factorizes with factors (15 cos#) and (1% cos#), for helic-
ities (£, 0) and (0, +), respectively, where hy and hy- are
the helicities of the W and V' bosons, and # is the center of
mass scattering angle of the W-boson. This result allows us
to think in kinematic regions where they vanishes, indepen-
dently of the values of parameters Ary and Ay, In this pa-
per we include contributions from #y, and we show that the
corresponding factors (14 cos#) and (15 cosf) appears, re-
spectively, indicating where to look for this special situation
to measure the edm and wedm parameters.

The starting point is an effective CP-odd W -boson dipole

interaction [2]

L=igyky Wi W, 7k, ()
where the dual tensor l"},_u is defined by

1 »
Ihw - SEHV(H{ s s (2)
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and Vg = OaV 3 —9a V., W, is the field of a 17 boson, gy
is the electric charge e (V= 7)) or g/ cosfy (V = Z%). Such
form supply (weak-) electric dipole moment to the W -boson

gy Ry
2Mw

dy (3)

The corresponding vertex is given by igy Ay e b
where &ois the 1T-boson four momentum. In Fig. | we show
the dhagram where the W1 vertex enters in the process,
and the contribution to the amplitude is given by

MR =i gy Fo(ly,8:) Thv (1 —7s)
a0y, S) el (pyhw ) ey (k, i), (4)
where

Ly = [(0 + ) — M) Ry eguva K79°, (5)
and F = U ape? sin? Hu-/B\/E; v and v are the wave func-
tions of the incoming fermions and €4}’ (p. hyw ), e (k. hy)
the polarization 4-vectors of the bosons. Up s is the
Kobayashi-Maskawa matrix element when quarks are the ¢l-
cmentary fermions in the reaction.

The total amplitude is given by adding to (4) the con-
tributions from SM and anomalous Axy and Ay moments.
and the contributions coming from fermion exchange in the
u-and t-channels [6], also shown in Fig. 1. Proceeding as
usual, we compute the various angular differential cross sec-
tion da (I, ) [ deos®; from these do (£.F) /dcosd

|

dea(£.0)

3 2 (1-=hw ('059)2
deos® — 327s 2ry

+ 23 }_., + |“(Jt.2 Hu' ( ry \ )-_‘
i . ) - —.’ ra |.
! FTEg—

i / } ccosf)? — dcosl )
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FiGure 1. The s-channel. t-chanel and u-channel Feynman dia-
grams for the process f, f, — W V. Four-momenta are indicated
in parenthesis.

only receives SM  contribution, do(£.+)/dcost and
da(0.0)/dcosf are dominated by the SM and Axy- or Ay
contributions in the entire range of the angular variable. The
other four contributions are the interesting ones which. after
neglecting fermion masses, results in the following:

L=y

o — [Feosh .
Awry — B+ Byeosf + f—— | X

(14 hw cosf)? cot? @y
32y (1-—

- (8% — F*)"&kE &7 (6)

TS

ri('nHT T 327s 2rw 1—rw
cot? Oy 5 (1 = hycos@)? cot? By SN2
— 2 Ak Ay '} + o (i B4 B2 RS (7)
(1 —'f'w)"( ¥ v) 2rw =g e o ) L
In Egs. (6) and (7) the various parameters are defined by l
and

) )
n=1—-rw—r1rv. 3= (o = drpry )2

i = 1=k twre— T By =1 —rw +1ryv.

pe= I e ry,

ryw = \fﬁfl\ e — J‘\Jru;z/"a. (8]

,\'_i(i_._ﬂ)‘
4 \ n t

- f"u/f,-ll/'
h '1(.'.(1 = f'n') d
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Fiaure 2. Piot of the angular differential cross-section for
e, =+ W= 4 for the helicity configuration (0, +). We assume

Vs = 200 GeV. and (a) Ry = 0, Ay = () and several values of
Ay cand (b) Awy = 0, Ay = 0 and several values of & .

with s, £, « the Mandelstam variables, and ¢’ and ¢’ are the
couplings of the fermions to the neutral boson. Next, we anal-
ize the twocases V =+, Z.

Photon case V=~

[I'in Eq. (7) we make My = 0 we obtain, for h, = +1.

‘ : 2
da (0, +) _ -ff 2 .-‘)’“)?'n' & ('H‘t H”ﬂf
deost 32ms 2 8rw :
cot? Oy

832w (AR + A-,.};"(l + (2(_)5[‘))2] . (9)

showing that the effects from £, are added to those of SM

) (1 —cos 9)2
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FIGURE 3 The same as in Figs. 2a-2b but with /s = 1000 GeV.

contribution and can, in principle, be observed for
— 1. However, this can be so only when #-, takes
values much higger than 10~* or we are at very high energy
in order to have ry too small to make the coetficient at the
leftof 12 large enough to be competitive to the SM contribu-
tion. When cos# = +1 the (0. +) helicity gives information
on Ax, and A . In Fig. 2a we have plotted Eq. (8) for the
process e, — W=, with \/s = 200 GeV, &, =0, Ay =0
and several values of Ax | showing that the effect of A,
can be seenin cos# = +1.In Fig. 2b the same has been done
but for Ax, = 0, Ay = 0, and several values of 7. Here
the angie of interest is cos# = —1; however only for big val-
ues of 1, we can see significant effects, as compared to the
SM contribution. For greater values of /s we have a situa-
tion where small values of the parameters can give important
contributions, as can be seen in Figs. 3a-3b.

cosd =
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FIGURE 4. Angular differential cross-section for er, — W 5 for
the helicity configuration (0, —). We assume /s = 200 GeV, and
(a) Ar, = 0. Ay, = 0 and several values of k-, and (b) K, = 0,
A, = 0 and several values of Ak, .

For I, = —1 we obtain

(0, — B L FPrw | cot’ by 2
da(0,—) | FJ{[, rw cot” iy (Ah.ﬁ'Jr/\_‘)-]
s

dcost N 32ms 2 8;_')]21"]1-'

il . . 2
.L_(:_il:?::(l +ms9)'} (10)
Srw '

Here we have the choice cos# = +1 to get information on
i alone [T]. This is shown in Fig. 4a, for /s = 200 GeV,
Ak, = 0, Ay = 0 and values of £; we do the same for
Vs = 200 GeV, &y = 0, Ay = 0 and values of Ak, in
Fig. 4b. The resulting curves are quite similar to those of
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FIGURE 5. The same as in Figs. 4a—4b but with /s = 1000 GeV.

Figs. 2a-2b. For greater values of /s the effects are more
evident, as can be seen in Fig. 5a-5b.

~Z-boson case

Analogous results for My = M, are shown in Figs. 6a-6b
for helicity (0, =) and in Fig. 6¢—6d for (£, 0), for the pro-
cess e, — W~ Z% [8]. Here we have Axkz = 0, Az = 0,
Vs = 200 GeV, and £z = 0.001, 0.01, 0.1. For (0, £) we
nole that the effects are present at one of the extremes of the
curves £y = 0.01, 0.1, and in the modification of the qua-
sizero, including £z = 0.001. For (£, 0) this effects are less
noticeable, and only the big value £z = 0.1 have the effect
in the dip on the curve; however, for greater values of /s the
effects are bigger. as in the previous case.
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FIGURE 6. Plot of the angular differential cross-section for er, — W= Z° for (a)-(b) the helicity configuration (0, ), and (¢)-(d) for
(£.0). We assume /5 = 200 GeV, Ak, = 0, A\, = 0 and several values of .

In sumary, we have complemented previous results, by
others authors, to study the possibility of observing the CP-
odd electric or weak-electric dipole moment of the 1 -boson
#y through the angular differential cross section for helicity
states in the processes f; f; — W*y or Z°.
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In this particular cases the zero is localized at cos@ = F1 for
W=, For quarks in the initial state, results are quite similar,
with the zero at cos § = j:l{

8. For this case the quasizero is at cos ) = £1.
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