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1. Introduction

One of the main puzzles in particle physics concerns the small-
ness of the neutrino masses. It is considered that the most elegant
way of generating small Majorana neutrino masses is through see-
saw mechanisms. There are three distinct ways of accomplishing
the seesaw mechanism into the standard model. In the so-called
type I seesaw mechanism [1], small neutrino masses are induced
by three heavy right-handed neutrinos, while in the type II [2] and
type III [3] seesaw mechanisms, small neutrino masses are induced
by a heavy triplet of scalars and a heavy triplet of leptons, respec-
tively. All these mechanisms were originally developed to induce
small masses to the left-handed neutrinos.

Right-handed neutrinos were not detected yet in nature. No-
body knows if they are light or heavy particles. Light right-handed
neutrinos are phenomenologically interesting because of their in-
tricate implications in particle physics [4], astrophysics and cos-
mology [5]. For example, warm dark matter in the form of ster-
ile neutrinos with mass in the keV range has been advocated as
a solution to the conflict among cold dark matter and observa-
tions of clustering on sub galactic scales [6]. There are many pa-
pers devoted to the study of such implications [7-10]. However,
as far as we know, there are few ones devoted to the develop-
ment of mechanisms that could lead to light right-handed neu-
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trinos [11]. Suppose a scenario where the left-handed neutrinos
as well as the right-handed ones are all light particles. In a sce-
nario like this, a challenging task to particle physics would be to
develop a seesaw mechanism in the framework of some exten-
sion of the standard model that could induce the small masses of
these neutrinos. In this regard, an even more interesting scenario
would be one where the explanation of the lightness of both left-
handed and right-handed neutrino masses would have a common
origin.

In this Letter we consider a variant of the gauge models based
in the SUB)c ® SUB)L ® U(1)ny (3-3-1) symmetry called 3-3-1
model with right-handed neutrinos (331vR) [12] and adapt the
type Il seesaw mechanism in this framework. We proceed as in
the implementation of the conventional type Il seesaw mechanism
in the standard model. Due to the structure of the 331vR, instead
of a triplet, we have to add a sextet of scalars to its particle con-
tent. As our main result, we will show that this type II seesaw
mechanism will induce small masses for the left-handed and right-
handed neutrinos. Moreover, both neutrino masses have a common
origin. As common origin we mean that both masses arise from the
same Yukawa term, or better, the same set of Yukawa couplings
are common for both neutrino masses. Another interesting point
is that the mechanism can provide right-handed neutrinos much
heavier than the left-handed ones. For example, for typical values
of the free parameters of the model we can obtain at least one
right-handed neutrino with mass in the keV range. This is partic-
ularly interesting because right-handed neutrino with mass in this
range is a viable candidate for the warm component of the dark
matter existent in the universe.
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This work is organized as follow. In Section 2 we present some
aspects of the model relevant for the implementation of the mech-
anism. In Section 3 we implement the mechanism in the model
and present an illustrative example. We finish this work with a
summary in Section 4.

2. Some aspects of the model

In the 331vR the leptons come in triplet and singlets as fol-
lows [12],
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with a =1, 2, 3 representing the three known generations. We are
indicating the transformation under 3-3-1 after the similarity sign,
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In the gauge sector, the model recovers the standard gauge
bosons and disposes of five more other called VE, U?, U°T and
Z' [12].

The scalar sector of the model is composed by three scalar
triplets as follows [12]
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with n and x transforming as (1,3, —%) and p transforming as
(1,3, —%). Although the scalar content above involves five neutral
scalars, it is just necessary that n% p° and x’® develop vacuum
expectation value (VEV) for that all the particles of the model, with
exception of the neutrinos, develop their correct mass terms.

In the 331vR neutrino mass terms must, necessarily, involve
the product f; ff. Considering its transformation by the SU(3);
symmetry, f; ff =3*®3* =3 @ 6%, we see that, in order to gen-
erate mass terms for the neutrinos, we must couple f; ff to an
anti-triplet or to a sextet of scalars. Previous works showed that
the first case leads to degenerate Dirac mass terms for the neu-
trinos [12]. This case is not of interest for us here. In regard to
the scalar sextet, recent works have employed it to implement the
type I seesaw mechanism into the model [13].

In this work we employ the scalar sextet to implement the
type II seesaw mechanism into model [14]. The sextet we refer
has the following scalar content,
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With the lepton triplet f; and the sextet S we form the Yukawa
coupling fr fLC S. The sextet S presents three neutral scalars that
may develop VEV. The VEVs of the neutral scalars A° and ¢ will
lead to Majorana mass terms for both the left-handed and right-
handed neutrinos respectively, while the VEV of the neutral scalar
@0 will generate a Dirac mass term which mix the left-handed
neutrinos with the right-handed ones. In order to implement the
type Il seesaw mechanism the Dirac mass terms must be avoided.
For this we assume that @0 does not develop VEV and impose the
set of discrete symmetries (x, o, eqr) = —(X, P, eqr). The discrete
symmetry also helps in avoiding flavor changing neutral currents
involving quarks and scalars and is important to obtain a simple
potential. In regard to the Dirac mass terms, we think important
to emphasize that, in avoiding them, the left-handed neutrinos get
decoupled of the right-handed ones. Thus, in this case, we could
say that our right-handed neutrinos are, in fact, completely sterile.

For this reason, from now on we refer to these neutrinos as the
sterile neutrinos.

The mechanism arises in the potential of the model and is
communicated to the neutrinos through the Yukawa interaction
fr fLCS. The essence of the mechanism is that lepton number is vi-
olated explicitly through some terms in the potential. For this it is
necessary to know the lepton number distribution of the scalars:
L%, 0% p' Ty =—-2 and L(x° x~, A%, ATA=") = 2. When A°
and o9 develop VEVs, automatically the left-handed neutrinos (v;)
and the sterile ones (vg) both develop Majorana mass terms. The
masses of v; and of vg get proportional to vp and v, respec-
tively. The role of the type II seesaw mechanism is to furnish tiny
values for vp and v.

The most complete part of the potential that obeys the discrete
symmetry discussed above and conserves lepton number is com-
posed by the following terms,
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while the other part that violates explicitly the lepton number is
composed by these terms,

Ao
V' =xe(n"x)(n'x) + (%Guk i Smi X Pk + H-C->

)\21 ..
+ <EEl]kX;lsmir]j,0k +HC>
—Myn"s™Ty — MaxTSTx. (5)

We think we have presented all the aspects of the model that are
relevant to the implementation of the type Il seesaw mechanism,
which we do next.

3. The implementation of the type Il seesaw mechanism

From the Yukawa interaction,
LY =Gap far Sf +HC, (6)

when A° and o both develop VEV, the left-handed and the sterile
neutrinos develop the following mass terms,
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We emphasize here that the mass terms of both neutrinos have as
common origin the Yukawa interaction in Eq. (6). In practical terms
this means that the same Yukawa couplings G, are common for
the left-handed and sterile neutrino masses. That’s a very interest-
ing result because when the masses of the left-handed neutrinos
get measured directly, automatically the masses of the sterile neu-
trinos will be predicted.

The role of the type Il seesaw mechanism here is to provide tiny
values for vp and v.. This is achieved from the minimum condi-
tion of the potential V + V. For this it is necessary to select which
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