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Abstract

In the framework of a Simplest Little Higgs Model (SLHM), we calculate the total cross section for the reaction
e+e− → νν̄γ and thereafter we get a limit on the characteristic energy scale of the model f , f ≥ 5.5 TeV , which
in turn induces bounds on the anomalous Magnetic Moment (MM) and the Electric Dipole Moment (EDM) of the
tau-neutrino. We consider initial-state radiation, and neglect W and photon exchange diagrams. The results are based
on the data reported by the L3 Collaboration at LEP, and compare favorably with the limits obtained in other models,
complementing previous studies on the dipole moments.
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1. Introduction

In the Standard Model (SM) extended to contain
right-handed neutrinos, the neutrino Magnetic Moment
(MM) induced by radiative corrections is unobservable
small, μν ∼ 3 × 10−19(mν/1 eV). Similarly, a neutrino
Electric Dipole Moment (EDM) will point also to new
physics and they will be of relevance in astrophysics and
cosmology, as well as terrestrial neutrino experiments.

However, in order to improve the limits on the MM
and the EDM of the tau-neutrino, in our calculation to
the process e+e− → νν̄γ we consider initial-state radi-
ation, in this way the bounds on the dipole moments
are stronger than those evaluated in previous studies by
other authors.

At higher s, near the Z1 pole s ≈ M2
Z1

, the dominant
contribution involves the exchange of a Z1 boson. The
dependence on the magnetic moment (μντ ) and the elec-
tric dipole moment (dντ ) now comes from the radiation
of the photon observed by the neutrino or antineutrino in
the final state. We emphasize here the importance of the
final state radiation near the Z1 pole of a very energetic
photon as compared to conventional Bremsstrahlung.

Our aim in the present work is to analyze the reac-
tion e+e− → νν̄γ in the framework of the Simplest Lit-
tle Higgs Model (SLHM) and we attribute an anoma-
lous MM and an EDM to a massive tau-neutrino. This
process serve to set limits on the tau-neutrino MM and
EDM. First, using as an input the results obtained by the
L3 collaboration [1] for the tau MM and EDM in the
process e+e− → νν̄γ, we will set a limit on the SLHM
energy scale f which is similar to that obtained through
oblique corrections [2], as well as that obtained recently
from the Z1 leptonic decay. We then use this limit on
f to get bounds on the electromagnetic dipole moments
of the ντ. In this study, we take advantage of this fact to
set limits on μντ and dντ for various values of the char-
acteristic energy scale f of the SLHM.

2. Cross Section of e+e− → νν̄γ in the Simplest Little
Higgs Model

We calculate the total cross section for the reaction
e+e− → νν̄γ using the neutral current lagrangian Refs.
[3, 4] for the SLHM. A characteristic interesting from
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Table 1: Limits on the μντ magnetic moment and dντ electric dipole
moment at 95% C. L. for different values of the characteristic energy
scale of the model f . We have applied the cuts used by L3 for the
photon angle and energy.

f(TeV) μντ (10−6μB) dντ (10−17ecm)
1.5 [-2.550, 2.647] [-4.918, 5.106]
5.2 [-2.688, 2.704] [-5.185, 5.216]
5.6 [-2.690, 2.705] [-5.189, 5.217]
7 [-2.694, 2.706] [-5.196, 5.219]
10 [-2.698, 2.708] [-5.204, 5.223]

this model is that is independent of the mass of the ad-
ditional Z2 heavy gauge boson and so we have the char-
acteristic energy scale of the model f as the only addi-
tional parameter.

The MM, EDM and the characteristic energy scale of
the simplest little Higgs model f give a contribution to
the total cross section for the process e+e− → νν̄γ.

3. Results and Conclusions

In order to evaluate the integral of the total cross sec-
tion as a function of the parameters of the simplest little
Higgs model, that is to say, f , we require cuts on the
photon angle and energy to avoid divergences when the
integral is evaluated at the important intervals of each
experiment.

The values obtained for this limit for several values
of the f parameter are show in Table 1. So the previ-
ous analysis and comments can readily be translated to
the EDM of the τ-neutrino with μντ = 0. The resulting
limits for the EDM as a function of f also are shown in
Table 1. The results obtained are in agreement with the
literature [1, 5, 6, 7].

To see the dependence of the cross section e+e− →
νν̄γ on the parameters f and μντ , we plot the total cross
section in Fig. 1 for the bounds of the scale of energy f
and the magnetic moment μντ given in Table 1. We can
see that the cross section decreases as f increases. The
surface also demonstrate that the effect of the SLHM is
not sensitive to f in the range of f ≥ 6.5 TeV . This is
generally because, the extra contribution of the SLHM
to the cross section e+e− → νν̄γ is proportional to a
factor of 1/ f 2. In Fig. 2 we summarize the respective
limit contours for the dipole moments at the 95% C.L.
in the μντ − dντ plane for a characteristic energy scale of
the model of 5.2 and 5.6 TeV .

In summary, we conclude that the estimated limits for
the tau-neutrino magnetic and electric dipole moments
in the context of a little Higgs model compare favorably

Figure 1: The total cross section for e+e− → νν̄γ as a function of f
and μντ (Table 1).

Figure 2: Limits contours at the 95% C.L. in the μντ − dντ plane for
e+e− → νν̄γ. The solid curves and the dashed curves are respectively
for f = 5.6 TeV and f = 5.2 TeV . We have used the cuts on the
photon angle and energy from 44.5o to 135.5o and Eγ from 15 GeV
to 100 GeV .

with the limits obtained by the L3 Collaboration, and
complement previous studies on the dipole moments. In
the limit f → ∞ our limits takes the value previously
reported in Ref. [5] for the SM. On the other hand, it
seems that in order to improve these limits it might be
necessary to study direct CP-violating effects. In addi-
tion, the analytical and numerical results for the total
cross section have never been reported in the literature
before and could be of some practical use for the scien-
tific community.
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