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Abstract. We study the anomalous magnetic and electric dipole moments of the tau-neutrino
through the process e+e− → νν̄γ at the Z′-pole in the framework of U(1)B−L model. For the
parameters of the U(1)B−L model we consider the mixing angle θ′, the coupling constant g′1
and the heavy gauge boson mass MZB−L

. We find that our bounds are of the same order of
magnitude as those obtained in other extensions of the standard model.

1. Introduction
The B−L (baryon number minus lepton number) symmetry plays an important role in various
physics scenarios beyond the Standard Model, for example, the gauge U(1)B−L symmetry group
is contained in a GUT described by a SO(10) group. The B − L model [1] is attractive due to
its relatively simple theoretical structure, and the crucial test of the model is the detection of
the new heavy neutral (Z ′) gauge boson. The analysis of precision electroweak measurements
indicates that the new Z ′ gauge boson should be heavier than about 1.2 TeV. On the other
hand, recent bounds from the LHC indicate that the Z ′ gauge boson should be heavier than
about 2 TeV [2, 3], while future LHC runs at 13-14 TeV could increase the Z ′ mass bounds
to higher values, or may be lucky and find evidence for its presence. Further studies of the Z ′

properties will require a new linear collider.
Our aim in the present work is to analyze the reaction e+e− → νν̄γ in the framework of a

U(1)B−L model. We study the indirect effects of extra gauge bosons in the cross sections of
the process e+e− → ντ ν̄τγ at high energy linear e+e− colliders; namely, International Linear
Collider (ILC) [4] and Compact Linear Collider (CLIC) [5]. In addition to the limits from hadron
colliders, an improvement on the sensitivity of the physical observables will be reached at future
e+e− linear collider. Finally, we discuss how accurately the U(1)B−L model parameters will be
measurable at the ILC and CLIC.
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Figure 1. The Feynman diagrams contributing to the process e+e− → νν̄γ in the U(1)B−L model.

2. Cross section of the process e+e− → ντ ν̄τγ in the U(1)B−L model
We calculate the cross section via the process e+e− → ντ ν̄τγ in the context of the U(1)B−L

model at future high-energy and high luminosity linear electron-positron colliders, such as the
ILC and CLIC. The Feynman diagrams contributing to the process are shown in Figure 1. The
expressions for the total cross section of the process for the different contributions, can be written
in the following form Eq. (1).
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g = e/ sin θw and θB−L is the Z − Z ′ mixing angle. The current bound on this parameter is
|θB−L| ≤ 10−3 [6]. In the decoupling limit, that is to say, when g′1 = 0 and θB−L = 0 the
couplings of the standard model (SM) are recovered.

3. Results and Conclusion
We evaluate the total cross section of the process e+e− → νν̄γ in the context of the B − L
model at next generation linear e+e− colliders such as the ILC and CLIC. Using the following
values for numerical computation: sin2 θW = 0.23126 ± 0.00022, MZ = 91.1876 ± 0.0021 GeV,

ΓZ = 2.4952 ± 0.0023 GeV, and considering the most recent limit from LEP:
M

Z′

g′
1

≥ 7 TeV.

In Figure 2 we present the total cross section as a function of g′1 and µντ . In our numerical
computation, we consider

√
s, MZ′ and g′1 as free parameters. In Figure 3, we show the total

differential cross section as a function of Eγ and cos θγ , finally in figure 4, we show the total
differential cross section as a function of Eγ and µντ .

In conclusion, we find that the future linear e+e− colliders experiments such as the ILC and
CLIC could test the B−L model it would be possible to perform precision measurements of the
Z ′ gauge boson, as well as of the parameters of the model θB−L and g′1, complementing other
studies on the B−Lmodel. The limits for the tau-neutrino magnetic in the context the U(1)B−L

model compare favorably with the limits obtained by the L3 Collaboration, and complement
previous studies on the dipole moments. On the other hand, it seems that in order to improve
these limits it might be necessary to study direct CP-violating efects. The SM expression for
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Figure 2. The total cross section for e+e− → νν̄γ as a function of the collision energy g′1 and µντ .

the cross section of the reaction e+e− → νν̄γ can be obtained in the decoupling limit, that is to
say, when θB−L = 0 and g′1 = 0, in this case the terms that depend on θB−L and g′1 are zero and
Eq. (1) is reduced to the expression given for the standard model. In addition, the analytical
and numerical results for the total cross section have never been reported in the literature.

Figure 3. The total differential cross section

for e+e− → νν̄γ as a function of Eγ and cos θγ
for g′1 = 0.5 and θB−L = 10−3.

Figure 4. The differential cross section for

e+e− → νν̄γ as a function of Eγ and µντ with

g′1 = 0.5 and θB−L = 10−3.
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