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Here we propose a realistic SU(3), ® SU(3), ® U(1)x electroweak gauge model with enlarged Higgs
sector. The scheme allows for the natural implementation of a type II seesaw mechanism for Dirac
neutrinos, while charged lepton and quark masses are reproduced in a natural way thanks to the presence of
new scalars. The new SU(3), ® SU(3); ® U(1)y energy scale characterizing neutrino mass generation

could be accessible to the current LHC experiments.
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I. INTRODUCTION

Despite the fierce experimental effort over the last
decades the long-standing challenge concerning the
question of whether neutrinos are their own antiparticles
remains [1-3]. Although neutrinos could be Dirac or
Majorana fermions, the leading theoretical expectation is
that they are Majorana, the general belief being that the
smallness of neutrino masses relative to the other standard
model fermion masses is due to their charge neutrality. This
fits naturally to the idea that neutrinos acquire Majorana
masses from Weinberg’s dimension five operator.
Realizations include various varieties of type I [4-8] or
type II [7-10] seesaw mechanisms, irrespective of whether
the seesaw is realized at high or at low mass scale [11].
Until the observation of neutrinoless double beta decay [12]
becomes a reality [1] we must keep an eye open to the
possibility that neutrinos can be Dirac particles as well.

There are two issues that Dirac neutrino models must
face, namely predicting the Dirac nature of neutrinos, and
understanding their small mass. Dirac neutrinos require
extra symmetries beyond SU(3), ® SU(2), ® U(1)y
gauge symmetry; otherwise massive neutrinos are generally
expected to be Majorana fermions. Within the standard
SU(3), ® SU(2);, ® U(1)y electroweak gauge structure
this can be ensured by imposing a conserved lepton
numberlike symmetry, continuous [13] or discrete [14].
Likewise, one may consider schemes based on flavor
symmetries, as suggested in [15] or appealing to the
existence of extra dimensions [16,17]. Alternatively one
may extend the gauge group, so as to include the lepton
number symmetry [18], for example, by using the extended
SU3), ® SU(3);, ® U(1)x gauge structure [19] although
most formulations lead to Majorana neutrinos [20-31].

Because of the special features of the SU(3), ®
SU(3), ® U(1)x based models with respect to other
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electroweak extensions based, for example, on left-right
symmetry, in this paper we focus on the possibility of having
naturally light Dirac neutrinos with seesaw-induced masses,
within the SU(3), ® SU(3), ® U(1)x gauge structure.
However, in contrast to Ref. [32] in order to predict realistic
quark masses in a natural way, two extra antitriplet scalar
multiplets are included. As before, we have a lepton
numberlike symmetry £, preserved in the leptonic and
quark sector. This symmetry is softly broken in the scalar
sector by the term f¢o¢p ¢, so that in the limit f — O the
Lagrangian symmetry gets enhanced. We show that the
smallness of f is related to the smallness of neutrino mass.
This way we recover the new variant of the type II seesaw
mechanism for Dirac neutrinos recently considered in [32].
However, in contrast to the previous Ref. [32], here the
naturally small induced vacuum expectation values (vevs)
responsible for neutrino mass generation are decoupled from
the quark sector. This eliminates the need of fine-tuning the
Yukawa couplings so that all fermion masses are naturally
reproduced in a realistic way, since exotic quarks and
standard model quarks are now decoupled. The scales
associated to neutrino mass generation and the new
SU(3), ® SU(3), ® U(1)x gauge interactions could be
accessible to the current LHC experiments.

II. MODEL

The model is a modified version of the one presented in
Ref. [32]. In the new setup, two extra scalar triplets are
included and an auxiliary Z, symmetry is implemented in
order to decouple heavy quarks. The matter content and the
transformation properties of the fields are contained in
Table I.

In terms of the gauge group generators, the electric
charge is expressed as

1
0 =T+ 5Ty +X. (1)

while lepton number is defined as
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TABLE 1. Matter content of the model, where £ = (e, u, ), it = (u, ¢, ) and d= (d,s,b).
W ‘R Sk Sk 0, 0; g Ur dg Dy’ ®o b1 &> ?3 b4
SU(3), 1 1 1 3 3 3 3 3 3 1 1 1 1 1
su(3), 3 1 1 1 3 3 1 1 1 1 A T R S &
T T R R T e R R
L T T = NS | -2 42 0 1 0 -1 +2 -3 -3 -1 42
Zs w 0] 0] 0] * * »’ * ” ” 1 1 1 1 1
Z, 1 1 —i i 1 1 1 -1 1 -1 1 i —i -1 1
4 (ii) neutrinos:
L=—T¢;+ L. 2
\/§ 8 ( ) i
1 ( S1y1 62)2 )
m, =— ~
The symmetry breaking pattern is assumed to be of the V2 \my mj,
form 1 (61 &I\ /y O
= - ). (6)
\/E nl[l I’l2|] 0 2
(R
(o) = V2 01 (iii) up-type quarks, basis (u,c,t,U):
0
0 ko koyi Koy 0
1 u c '
- 1 | koys koy5 koy 0
=g el D PG
n 2| ka3 kaDC k4P 0
0 0 0 0 nyY
1
(¢2) = NG 5 |, 3)
ny (iv) down-type quarks, basis (d, s, b, D', D?):
K§ kS kS 00
| (0 1 ki35 ka93 ka$3 0O 0
(93) = NG 0 f. (Pa) = NG ko | (4) =5 koy'  koy' koy” 0 0
3 0 0 0 0 apf apd
0 0 0 nyp? np¥
with nip3 > k0,4v (3172 and 51 ~ 52. 32 V2
The Yukawa interactions invariant under all the defining (8)

symmetries of the model are

—Ly =YW ko + VWL Sk + 521 Sreh
+ "0 ipdly + 9" 03 figps + ¥V O3 Ureps
+y! 03 drepo + 370} 7 drgpy + y° O D + Hec.
(5)

In this setup, ¢; and ¢, are completely decoupled from
the quark sector and are responsible for the neutrino mass
generation, whereas ¢; and ¢, contribute exclusively to the
quark masses. After spontaneous symmetry breaking, the
above interactions lead to the following mass matrices for
the fermion fields:

(i) charged leptons: m, = % Y,

Realistic quark masses can be readily obtained as the
standard model and exotic sectors are independent by virtue
of the Z, symmetry. This also implies that the Cabibbo-
Kobayashi-Maskawa matrix describing quark mixing is
unitary.

Moreover, from the diagonalization of m,,mI, the mass
of the light neutrino in the one-family approximation is
given by

1 |Y15’2(52"1 - 51”2)|

~

Myight ~ =
V2 /nyt 4 n3s3

Notice that the Dirac nature of neutrinos is ensured by the
discrete Z5 group. In what follows, we specialize to the
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case 0; =0, =0 and show that the smallness of the
neutrino mass can be understood as emerging from a
type II seesaw mechanism for Dirac neutrinos. This links
the emergence of the small induced scale § to the breaking
of the global symmetry £ [32].

The scalar potential of the model is

4
V= Z(/"%|¢i|2 + Ailil*) + Z[’Iij|¢i|2|¢j|2
i=0 i<j
+ i (1) (0] 6)] + (1) (d]6h2)
+ foo1, +Heel, (10)

where the term f¢y¢ ¢, breaks explicitly the £ symmetry.
Assuming real vevs and parameters in the potential, the

tadpole equations can be solved for the parameters 2, 2 13
A1a and f as follows:

1
Ho = ) 220kG + 401 (8> + n7) 4 202 (8% + n3)

52(”1 - nz)

+ 1303 + k3Aos] —
2k3

[(n1 —1n5)(Ayp + 24)

nz(”%}% - ki/~124)] ’ (11)

(8% + nyny)

1

% - ) [k%)'Ol + n§/113 + k3/114 + 2(52 + I’l%)ﬂl

u
+ (8 4 n3) (A1 + Ay +22)]

n2(52k2:124 + n1n2n§/~123)
2n, (8% + nyny)

(12)

1
== ) (k5202 + kidag + 2(8% + 13) Ay + Ap3n3

+ (244 Az + A1) (8% + )]
52](%}.24 + n1n2n§;123
2(52 + nll’l2>

(13)

1
1= ) (kG403 + kiAsg + 413(6° + 1) + Ap3(6° + n3)

+ 20313 + ny(ny — 1) 3, (14)

1
”‘21 = —5 k(z)),OA + 2]@%24 + 214(52 + n%) + 124(52 + I’l%)

52(”1 - nz);lm

+ /1347’1% + n

(15)

= N3

Az = — , 16
n=-" (16)
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5 ”2:124
Ay =— , 17
=" (17)
f _ o (n —n )(21 _'_Z ) + n2(k421224 B n%j’QB)
\/Eko : ! 12 52 + nin, ’

(18)

Assuming that the bracketed factor in the rhs of Eq. (18) is
nonvanishing, 6 can be interpreted as an induced veyv,
whose smallness is related to the scale of £ symmetry
breaking, characterized by f, in the sense that in the limit
0 — 0, the symmetry of the potential is enhanced by f — 0.

We conclude this section with an estimate of the scales
involved and the resulting light neutrino mass,

NL|}’1)~’25(”1 — )| (19)

Myjighy ~ — -
V2 /03yt + n33

Taking f ~ O(1) keV, kg ~ ks ~ O(10?) GeV, n; ~ny ~
ny ~ O(1) TeV and quartic couplings of O(1) in Eq. (18),
the resulting scale 5 ~ O(10) eV can accommodate easily a
neutrino mass of O(107!) eV without invoking tiny
Yukawa couplings or large values for the vacuum expect-
ation values ny, n,. Finally, note that the light neutrino mass
in Eq. (19) is mostly insensitive to the values of n; and n,,
and therefore new physics in this model can lie within reach
of the LHC experiments.

III. SUMMARY AND DISCUSSION

Here we have proposed a realistic SU(3), ® SU(3);. ®
U(1)y electroweak gauge model with an enlarged Higgs
sector. The scheme leads to Dirac neutrinos, and allows for
the natural implementation of a type II seesaw mechanism.
The model substantially improves the one previously
considered in Ref. [32], in that here the small vacuum
expectation values associated to neutrino mass generation
are decoupled from the quark sector. The charged lepton
and quark masses are reproduced in a realistic way,
avoiding the mixing between exotic and standard model
quarks. The energy scales characterizing neutrino mass
generation and the new gauge interactions arising from the
enlarged SU(3). ® SU(3), ® U(1)yx gauge symmetry
could be accessible to the current LHC experiments.
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