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Abstract. The effect of an anomalous γ W W coupling in the e− γ → νe W − process through
the angular and energy spectrum of the secondary leptons is investigated. Within the narrowwidth-approximation (NWA), a semianalytical study of the secondary lepton energy angle double
distribution is considered. Different observables constructed using this distribution are expected
to be very effective to probe the anomalous coupling at a typical International Linear Collider
machine. Further, suitable combinations of these observables could be used to disentangle the
effect of contributions from different terms in the effective Lagrangian.
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1. Introduction
One of the focus points of present day particle physics is the issue of electroweak symmetry breaking (EWSB). Search for Higgs particle of the Standard Model (SM) at LHC has
ruled out such a particle with mass 141–475 GeV [1], while the LEP has provided a lower
bound of about 114 GeV for the Higgs mass. Within the gauge field theory, EWSB and
gauge boson couplings are strongly interrelated. While the LHC is expected to explore
the gauge boson couplings to certain extent, the clean environment of the proposed International Linear Collider (ILC) has many advantages to offer [2]. Our main aim in this
work is to study the possibility of exploiting the secondary lepton spectrum including the
energy and angular distributions, of the gauge bosons produced at the ILC, to probe relevant new physics signals related to guage bosons, and thus to the EWSB. To illustrate the
idea, we consider the case of anomalous γ W W coupling in the e− γ → νe W − process.
The effective γ W W vertex is commonly parametrized in terms of δκγ and λγ , in the
absence of CP-violating anomalous couplings, given by the effective Lagrangian [3]

†
W μ Aν − Wμ† Aν W μν + (1 + δκγ )Wμ† Wν F μν
Lγ WW = −ie Wμν

λγ † μ λν
.
(1)
+ 2 Wλμ
Wν F
mW
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In the SM, the gauge structure SU (2)L × U (1)Y dictates the γ W W couplings, with vanishing δκγ and λγ at tree-level. LEP constraints in single-parameter analysis gives bounds
of −0.105 < δκγ < +0.069 and −0.059 < λγ < +0.026, and two-parameter analysis
limits their values to −0.072 < δκγ < +0.0127 and −0.068 < λγ < +0.023 at 95% CL
[4]. Phenomenology of anomalous γ W W coupling in the context of LHC as well as ILC
has been carried out in a number of recent publications [5–8].
2. Analysis and numerical results
We perform our calculation in the narrow-width-approximation (NWA) of the W boson,
kinematics are fixed according to figure 1, with z-axis along kl , the momentum of the
outgoing lepton, and y-axis defined as kl × ke , where ke is the momentum of the colliding
electron. The W comes out at a polar angle θW and azimuthal angle φW . With this, we get
the DCS in the CM frame,
mW
|Mr |2
dσ (ŝ)
1
=
,
√
dE μ d cos θ dφW
(2π )3 16 W E μ (ŝ + m 2W − 2 ŝ E μ )2

(2)

√
where ŝ is the centre-of-mass energy, E μ is the energy of the muon and cos θ =
(kl · ke )/|kl · ke |. Here Mr is the reduced amplitude given in terms of the invariant ampli2
− m 2W Mr . The cross-section in the lab-frame is obtained by
tude M as, M = 1/ kW
folding the above cross-section with the appropriate photon distribution function, f γ /e (x)
[9,10],

σ =
f γ /e (x)σ (ŝ)dx,
(3)
where x = ŝ/4E e2 , with E e the electron beam energy. Our numerical results are obtained
by numerical intergration of the differential cross-section using eqs (2) and (3) with the
package CUBA [11], while we have used FORM [12] to compute the invariant amplitude
square. For our numerical analysis, we consider the boundary points of the anomalous
coupling from the LEP results, δκγ = −0.072, +0.069. Figure 2a shows the effect of

Figure 1. Reference frame defining different angles used in eq. (2).
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Figure 2. Angle and energy distributions of the secondary muons at

√
s = 500 GeV.

√
the cut on E μ on the angular distribution of the secondary muons at s = 500 GeV,
with and without the anomalous couplings. The effect is more pronounced at larger cos θ
values, while most of the events are gathered in the backward direction. Figure 2b shows
the effect of angular cut on the energy distribution of the secondary muons. In this case,
a nominal improvement in the sensitivity to the anomalous couplings with angular cut is
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Figure 3. 3D plots showing energy–angle distribution of secondary muons at s =
500 GeV: (a) shows the SM case, (b) and (c) show deviation from the SM for δκγ =
−0.072 and +0.069 respectively.
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√
observed. Figure 2c shows the energy distribution of secondary muons at s = 500 GeV,
and at two values of θ , namely 0◦ and 60◦ . Here the peak of the distribution moves from
lower values of E μ to higher values as we go from smaller θ values to larger ones. Figure
√ 3
presents the energy–angle distribution of secondary muon, dσ/(dx d cos θ lab ), at s =
500 GeV. Although naively believed to be useful, in order to establish the usefulness
of these observables in disentangling different couplings involved, we need to study the
process in the presence of those couplings.
3. Summary and conclusions
We have presented a semianalytical way to explore the secondary lepton energy–angle
distribution in eγ → νe W with W → ν̄ l. Variables, being defined in the lab frame, can be
directly used to apply experimental cuts. The advantage of such an observable in analysing
the SM case and probing possible new physics effects may easily be demonstrated with
the inclusion of other anomalous couplings in the study.
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