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Abstract

We extend some two Higgs doublet models, where the Yukawa couplings for the charged fermion mass
generation only involve one Higgs doublet, by two singlet scalars respectively carrying a singly electric
charge and a doubly electric charge. The doublet and singlet scalars together can mediate a two-loop dia-
gram to generate a tiny Majorana mass matrix of the standard model neutrinos. Remarkably, the structure
of the neutrino mass matrix is fully determined by the symmetric Yukawa couplings of the doubly charged
scalar to the right-handed leptons. Meanwhile, a one-loop induced neutrinoless double beta decay can arrive
at a testable level even if the electron neutrino has an extremely small Majorana mass. We also study other
experimental constraints and implications including some rare processes and Higgs phenomenology.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

The massive and mixing neutrinos have been confirmed by the precise measurements on the
atmospheric, solar, accelerator and reactor neutrino oscillations [1]. This fact implies the need
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for new physics beyond the SU(3), x SU((2); x U(1l)y standard model (SM). On the other
hand, the cosmological observations have indicated that the neutrino masses should be in a sub-
eV range [1]. In order to understand the small neutrino masses, people have proposed various
ideas, among which the tree-level seesaw [2—5] mechanism is very popular [2—12]. However,
the seesaw will not be easy to verify unless it is not at a naturally high scale. Alternatively,
the neutrinos can acquire their tiny masses at loop order [13-45]. These models for the radia-
tive neutrino mass generation contain additionally charged scalars so that they may be tested
at colliders.

In principle the neutrinos can have a Majorana nature [46] since they do not carry any electric
charges. One hence can expect a neutrinoless double beta decay (OvBg) [47] process mediated
by the Majorana electron neutrinos. This OvB8 process is determined by one unknown param-
eter mee, i.e. the 1-1 element in the Majorana neutrino mass matrix, so that it can be seen in
the running and planning experiments unless the m,, parameter is big enough [48,49]. How-
ever, there are other possibilities for a Qv process [5,10,50-60]. For example, some left-right
symmetric models for a linear seesaw of tree-level neutrino mass generation can offer a noncon-
ventional tree-level OvBfS process with an testable lifetime, which simply depends on the scale
of the left-right symmetry breaking rather than the details of the Majorana neutrino mass ma-
trix [61]. One may also consider other models which accommodate an observable OvB8 process
at tree level and then give a negligible contribution to the neutrino masses at loop order [62].
These OvBp processes, which are related to quite a few arbitrary parameters, thus can be free of
the constraint from the neutrino mass matrix [63-65].

It should be interesting if an enhanced OvBf process originates from a tiny m,.. Some people
have realized this scenario [37—45]. In a realistic model [37], after the SM Higgs doublet devel-
ops a vacuum expectation value (VEV) for spontaneously breaking the electroweak symmetry,
a Higgs triplet without any Yukawa couplings can acquire an induced VEV up to a few GeV,
meanwhile, its doubly charged component can mix with a doubly charged scalar singlet. Thanks
to the gauge interactions, a two-loop induced Majorana neutrino mass matrix then can have a
structure fully determined by the symmetric Yukawa couplings of the doubly charged scalar sin-
glet to the right-handed leptons. As for the OvBg process, it can appear at tree level through the
same Yukawa interactions and the related gauge interactions.

In this paper we shall extend some two Higgs doublet models [66], where the Yukawa cou-
plings for the charged fermion mass generation only involve one Higgs scalar, to generate the
required neutrino masses and the enhanced OvBB process. Specifically we shall introduce two
scalar singlets among which one carries a singly electric charge while the other one carries a
doubly electric charge. The singly charged scalar without any Yukawa couplings has a cubic
term with the two Higgs scalars. The doubly charged scalar has the Yukawa couplings with
the right-handed leptons, besides its trilinear coupling with the singly charged scalar. After the
electroweak symmetry breaking, we can obtain a dominant Majorana neutrino mass matrix at
two-loop and a negligible one at three-loop level. The symmetric Yukawa couplings of the dou-
bly charged scalar to the right-handed leptons can fully determine the structure of the neutrino
mass matrix. The OvBf processes can be induced at tree, one-loop and two-loop level. The am-
plitudes of these OvBB processes are all proportional to the electron neutrino mass. The one-loop
OvBB process can arrive at an observable level even if the electron neutrino mass is extremely
small. We will also study other experimental constraints and implications including some rare
processes and Higgs phenomenology.
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