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Abstract. The R-symmetry formalism is applied for the supersymmetric SU(3)C ⊗SU(3)L⊗U(1)X (3-3-
1) model with right-handed neutrinos. For this kind of models, we study the generalization of the MSSM
relation among R-parity, spin and matter parity. Discrete symmetries for the proton stable in this model
are imposed, and we show that in such a case it is able to give leptons masses at only the tree level con-
tributions required. A simple mechanism for the mass generation of the neutrinos is explored. We show
that at the low-energy effective theory, the neutrino spectrum contains three Dirac fermions, one mass-
less and two degenerate in mass. At the energy level where the mixing among them with the neutralinos
is turned on, neutrinos obtain Majorana masses and correct the low-energy effective result which naturally
gives rise to an inverted hierarchy mass pattern. This mass spectrum can fit the current data with minor
fine-tuning. Consistent values for masses of the charged leptons are also given. In this model, the MSSM
neutralinos and charginos can be explicitly identified in terms of the new constraints on masses which is not
as in a supersymmetric version of the minimal 3-3-1 model.

PACS. 11.30.Er; 14.60.Pq; 14.60.-z; 12.60.Jv

1 Introduction

Although the standard model (SM) gives very good re-
sults in explaining the observed properties of the charged
fermions, it is unlikely to be the ultimate theory. It main-
tains the masslessness of the neutrinos to all orders in per-
turbation theory and even after non-pertubative effects are
included. The recent groundbreaking discovery of nonzero
neutrino masses and oscillations [1–7] has put massive neu-
trinos as one piece of evidence on physics beyond the SM.
The Super-Kamiokande experiments on atmospheric

neutrino oscillations have indicated the difference of the
squared masses and the mixing angle with fair accu-
racy [8, 9]:

∆m2atm = 1.3÷3.0×10
−3 eV2 , (1)

sin2 2θatm > 0.9 , (2)

while those from the combined fit of the solar and reactor
neutrino data point to

a e-mail: pvdong@iop.vast.ac.vn

∆m2� = 8.0
+0.6
−0.4×10

−5eV2 , (3)

tan2 θ� = 0.45
+0.09
−0.07 . (4)

Since the data provide only information about the dif-
ferences in m2ν , the neutrino mass pattern can be either
almost degenerate or hierarchical. Among the hierarchical
possibilities, there are two types of normal and inverted
hierarchies. In the literature, in most of the cases one
explores the normal hierarchical one. In this paper, we
will comment on a supersymmetric model which naturally
gives rise to three pseudo-Dirac neutrinos with an inverted
hierarchical mass pattern.
The gauge symmetry of the SM as well as those of

many extensional models by themselves fix only the gauge
bosons. The fermions and Higgs contents have to be chosen
somewhat arbitrarily. In the SM, these choices are made in
such a way that the neutrinos are massless as mentioned.
However, there are other choices based on the SM symme-
try such that neutrinos become massive. We know these
from the popular seesaw [10–14] and radiative [15–26]
models. Particularly, the models based on the SU(3)C ⊗
SU(3)L⊗U(1)X gauge unification group [27–39], called
3-3-1 models, give stricter fermion contents. Indeed, only
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three fermion generations are acquired as a result of the
anomaly cancellation and the condition of QCD asymp-
totic freedom. The arbitrariness in this case is only behind
which SM singlets are put in the bottoms of the lepton
triplets. In some scenarios, exotic leptons may exist in the
singlets. A result of this is quite similar to the case of the
SM neutrinos. As a fact, radiative mechanisms for neutrino
masses arise, which been explored in [40–48].
Forbidding the exotic leptons, there are two main ver-

sions of the 3-3-1 models as far as minimal lepton sectors
are concerned. In one of them [27–29] the three known
left-handed lepton components for each generation are as-
sociated to three SU(3)L triplets by (νl, l, l

c)L, in which l
c
L

is related to the right-handed isospin singlet of the charged
lepton l in the SM. No extra leptons are needed and there-
fore it is called a minimal 3-3-1 model. In the variant
model [30–34] the three SU(3)L lepton triplets are of the
form (νl, l, ν

c
l )L, where ν

c
l is related to the right-handed

component of the neutrino field νl. These left-handed an-
tineutrinos serve in the role of charge conjugation of the
usual right-handed neutrinos which are required in the
usual see-saw mechanism. We therefore call this a model
with right-handed neutrinos. This kind of 3-3-1 models re-
quires only a more economical Higgs sector for breaking
the gauge symmetry and generating the fermion masses.
Among the new gauge bosons in this model, the neutral
non-Hermitian bilepton field X0 may have a promising
signature in accelerator experiments and may be also the
source of neutrino oscillations [49–51]. In the current pa-
per, the neutrinos of the 3-3-1 model with right-handed
neutrinos are the subject for an extended study.
In the model considered, the Yukawa sector has auto-

matic lepton-number conservation, which is broken only
in the Higgs sector. At tree level, the neutrino spectrum
contains three Dirac fermions, one massless and two de-
generate in mass. This is clearly not realistic in view of the
experimental data. However, this pattern may be severely
changed by quantum corrections with the help of lepton-
number violating Higgs couplings [52]. The neutrinos will
obtain Majorana masses, which involve a new physics
SU(3)L breaking scale and correct the tree-level result.
This gives rise to two possible scenarios, depending on the
size of such scale: (a) an usual see-saw mechanism if the
SU(3)L breaking scale is very high; (b) an inverted hier-
archy mass pattern (the tree level Dirac mass is of order
∆matm) if the SU(3)L breaking scale is not much higher
than the weak scale. This scenario gives rise to a pseudo-
Dirac neutrino mass pattern. This is a specific feature of
the 3-3-1 model with right-handed neutrinos which was
considered in [52] (see also [53]), but such effects exist in a
very high level of loop corrections.
Some years ago, one of us has proposed the construction

of the supersymmetric 3-3-1 model with right-handed neu-
trinos [54, 55]. In this paper, in the frameworks of the con-
sidered supersymmetric version, we explore a consistent
neutrino mass spectrum of such a type but from a differ-
ent side. Namely, the neutral fermion spectrum (neutrinos
as well neutralinos) in this model contains the mentioned
neutrinos. At tree level, the neutrino sector obtains a mass
matrix just as the non-supersymmetric one. However, that

tree-level neutrino sector mixes with the neutralinos in
the supersymmetric version of the model [54, 55]. This will
give real massive neutrinos.
In this case, we show that an inverted hierarchy mass

spectrum for the neutrinos may be obtained, but only at
the required tree level contribution which can fit the cur-
rent data with some minor fine-tuning. Thus, our result
differs frommany extensions of the SM. As far as the mech-
anism is concerned, it obviously keeps to the kind of a
seesaw one. It is not as in the case of the minimal 3-3-1
model, in which its supersymmetric version [56] gives only
the real lepton mass spectra when the one loop corrections
are added [57]. Moreover, in our case the charged leptons
always gain consistent masses from different impacts due
to mixing among the neutrinos with the neutralinos.
The outline of this work is as follows. In Sect. 2 we re-

view the concept of R-symmetry and R-parity, in order
to apply this concept on the supersymmetric 3-3-1 model
with right-handed neutrinos. In Sect. 3 we define the
R-charge in our model in order to get similar results as
in the minimal supersymmetric standard model (MSSM).
In Sect. 3.1 we impose another discrete symmetry that
allows for neutrino masses but forbids proton decay.
In Sect. 4 we calculate the fermion masses in our model.
Our conclusions are found in the last section. Finally, in
Appendix , we present the mass matrix elements of the
neutral fermions.

2 R-symmetry

It is important to note that the SM can explain the con-
servation of lepton number (L) and of baryon number (B)
without needing any discrete symmetry. However, this is
not the case for supersymmetric theories, where only if
interactions of the type conserving both L and B are re-
quired, one has to impose one discrete symmetry. This sec-
tion recalls how R-parity emerged as a discrete remnant
of continuous U(1) R-symmetry which is necessarily bro-
ken so that the gauginos and gluinos acquire masses in the
MSSM.

2.1 R-symmetry in superspace formalism

The R-symmetry was introduced in 1975 by Salam and
Strathdee [58] and in an independent way by Fayet [59] to
avoid the interactions that violate either lepton number or
baryon number. There is very nice review of this subject
in [60, 61].
The concept of R-symmetry is better understood in the

superspace formalism, where the R-symmetry is a U(1)
continuous symmetry, parametrized by α. The operator
which produces this symmetry is going to be denoted as
R. This operator acts on the superspace coordinate θ, θ̄ as
follows [62]:

Rθ→ e−iαθ ,

Rθ̄→ eiαθ̄ . (5)
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Hence the θ has R-charge where R(θ) = −1, while θ̄ is
R(θ̄) = 1.
The operatorR acts on chiral superfields Φ(x, θ, θ̄) and

antichiral superfields Φ̄(x, θ, θ̄), respectively, in the follow-
ing way [63]:

RΦ(x, θ, θ̄) = e2inΦαΦ(x, e−iαθ, eiαθ̄) , (6)

RΦ̄(x, θ, θ̄) = e−2inΦαΦ̄(x, e−iαθ, eiαθ̄) , (7)

where 2nΦ is the R-charge of the above chiral superfield.
This new charge nΦ is an additive conserved quantum
number. This operator acts on the vectorial superfield by
the rule

RV (x, θ, θ̄) = V (x, e−iαθ, eiαθ̄) . (8)

The expansion of the superfields in terms of θ and θ̄ [63]
is given by

Φ(x, θ, θ̄) =A(x)+
√
2θψ(x)+ θθF (x)

+ iθσmθ̄∂mA(x)−
i
√
2
(θθ)∂mψ(x)σ

mθ̄

+
1

4
(θθ)(θ̄θ̄)�A(x) , (9)

Φ̄(x, θ, θ̄) = Ā(x)+
√
2θ̄ψ̄(x)+ θ̄θ̄F̄ (x)

− iθσmθ̄∂mĀ(x)+
i
√
2
(θ̄θ̄)θσm∂mψ̄(x)

+
1

4
(θθ)(θ̄θ̄)�Ā(x) , (10)

VWZ(x, θ, θ̄) =−θσ
mθ̄Am(x)+ i(θθ)θ̄λ̄(x)− i(θ̄θ̄)θλ(x)

+
1

2
(θθ)(θ̄θ̄)D(x)

(expansion in Wess–Zumino gauge) ,

(11)

where A(x), F (x) andD(x) are scalar fields; ψ(x) and λ(x)
are fermion fields, while Am(x) is a vector field.
Combining (6) and (9) we get the following transform-

ations for the field components, respectively:

A(x)
R
�−→ e2inΦαA(x)

ψ(x)
R
�−→e2i(nΦ−

1
2)αψ(x)

F (x)
R
�−→ e2i(nΦ−1)αF (x)

⎫
⎪⎬

⎪⎭
. (12)

Similarly, for the antichiral superfield we get

Ā(x)
R
�−→ e−2inΦαĀ(x)

ψ̄(x)
R
�−→ e−2i(nΦ−

1
2 )αψ̄(x)

F̄ (x)
R
�−→ e−2i(nΦ−1)αF̄ (x)

⎫
⎪⎬

⎪⎭
. (13)

From (8) and (11), the field components in the vector su-
perfield transform as

Am(x)
R
�−→ Am(x)

λ(x)
R
�−→ eiαλ(x)

λ̄(x)
R
�−→e−iαλ̄(x)

D(x)
R
�−→ D(x)

⎫
⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎭

. (14)

The transformations in (12), (13) and (14) can be rewritten
in terms of 4-component spinors as [61]

Am(x)
R
�−→Am(x) ,

Λ(x)
R
�−→eiγ5α Λ(x) ,

D(x)
R
�−→D(x) ,

A(x)
R
�−→e2inΦαA(x) ,

Ā(x)
R
�−→e−2inΦα Ā(x) ,

Ψ(x)
R
�−→e2iγ5(nΦ−1/2)α Ψ(x) ,

F (x)
R
�−→e2i(nΦ−1)α F (x) ,

F̄ (x)
R
�−→e−2i(nΦ−1)α F̄ (x) .

(15)

In (15), Λ is the Majorana spinor which represents the
gauginos, while Ψ(x) represents the Dirac spinor for quarks
and leptons.
For products of left-handed chiral superfields, it is to be

noted that

R
∏

a

Φa(x, θ, θ̄) = e
2i
∑
a naα

∏

a

Φa(x, e
−iαθ, eiαθ̄) .

Thus, the general superfield terms given now,
∫

d4θ Φ̄(x, θ, θ̄)Φ(x, θ, θ̄) ,
∫

d4θ Φ̄(x, θ, θ̄)eV (x,θ,θ̄)Φ(x, θ, θ̄) ,
∫

d2θ
∏

a

Φa(x, θ, θ̄) , if
∑

a

na = 1 , (16)

are all R-invariant.

2.2 Continuous R-symmetry in MSSM

In the MSSM [64] the left-handed fermions are in dou-
blets, whereas the right-handed antifermions are in sin-
glets: L̂L ∼ (1,2,−1), l̂cL ∼ (1,1, 2) and Q̂L ∼ (3,2, 1/3),
ûcL ∼ (3

∗,1,−4/3), d̂cL ∼ (3
∗,1, 2/3). The Higgs bosons are

in doublets, Ĥ1 ∼ (1,2,−1) and Ĥ2 ∼ (1,2, 1). With these
multiplets, the superpotential of the model is written as

W2 = µεĤ1Ĥ2+µ0aεL̂aLĤ2 ,

W3 = f
l
abεL̂aLĤ1 l̂

c
bL+f

u
ijεQ̂iLĤ2û

c
jL+f

d
ijεQ̂iLĤ1d̂

c
jL

+λabcεL̂aLL̂bL l̂
c
cL+λ

′
iajεQ̂iLL̂aLd̂

c
jL

+λ′′ijk d̂
c
iLû

c
jLd̂

c
kL . (17)

Hereafter, the superscript L will be removed from the su-
perfields, and the SU(2) indices are default. The super-
script c indicates the charge conjugation and ε is the an-
tisymmetric SU(2) tensor. The sub-indices a, b, c run over
the lepton generations e, µ, τ , and i, j, k = 1, 2, 3 run over
the quark ones.
Because of (6) and (7), the terms proportional to λ, λ′

and λ′′ are forbidden by the R-symmetry. The following
example illustrates this statement. Suppose that

nH1 = nH2 = 0 , for H1 , H2 ,

nQ = nu = nd = nL = nl =
1

2
, forQ, uc, dc, L, lc ,

(18)
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which imply

Ĥ1,2(x, θ, θ̄)
R
�−→ Ĥ1,2(x, e

−iαθ, eiαθ̄) , (19)

Φ̂(x, θ, θ̄)
R
�−→ eiα Φ̂(x, e−iαθ, eiαθ̄) ,

Φ̂=Q, uc, dc, L, lc . (20)

By (12) and (13), their components transform as

H1,2(x)
R
�−→H1,2(x) ,

H̃1,2(x)
R
�−→e−iα H̃1,2(x) ,

f̃L(x)
R
�−→eiα f̃L(x) ,

f̃ cL(x)
R
�−→e−iα f̃ cL(x) ,

Ψ(x)
R
�−→Ψ(x) .

(21)

We recall that H1,2(x) are the Higgs bosons, H̃1,2(x) are
the higgsinos, f̃ are the squarks and sleptons, and Ψ(x)
are the quarks and leptons. The consequence of the above
transformation is summarized as

ordinary particle
R
�−→ ordinary particle ,

supersymmetric partner
R
�−→ e±iαsupersymmetric partner.

(22)

Under the transformation law in (21), the conserving
terms are given by

W = f lL̂Ĥ1 l̂
c+fdQ̂Ĥ1d̂

c+fuQ̂Ĥ2û
c . (23)

Therefore, the couplings λ, λ′ and λ′′ are forbidden by the
charge assignment given in (18). These terms, if they were
allowed, would induce the rapid proton decay. We allow
only the terms from which the fermions in the model gain
masses [60].

2.3 Problem with continuous R-symmetry,
discrete R-parity

Because of (16), all the Lagrangians are invariant under
the continuous R-symmetry and this obviously avoids
the proton decay. However, such an unbroken continuous
R-symmetry which acts on the gaugino and gluino mass
terms would keep them massless, even after spontaneous
breaking of the supersymmetry. To see this, let us remem-
ber that the gaugino’s mass term is given by [65]

mλ
(
λλ+ λ̄λ̄

)
, (24)

which, under the R-symmetry (14), transforms as

mλ
(
e2iαλλ+e−2iαλ̄λ̄

)
. (25)

As a result, the mass term (24) is not invariant under the
R-symmetry. This fact forces us to abandon the contin-
uous R-symmetry, in favour of the discrete R-symmetry,
calledR-parity. Thereby theR-parity automatically allows
for gluino and other gaugino masses.
However, there is another possibility to guarantee

R-parity conservation in the MSSM. It was firstly shown

that in the model whereB–L conservation is automatic [66],
R-parity can be broken by the vacuum, leading to an ef-
fective theory at low energies that has induced R-parity
violating interactions [67]. Here, in this article, we will not
work in this direction and will return our considerations to
R-parity conservation.
The discrete R-parity, denoted by Rd, which is able to

solve the above problem can be obtained by putting α= π.
Taking this value into account in (5), (6), (7) and (8) we get
the following transformations:

Rdθ
Rd�−→−θ,

Rdθ̄
Rd�−→−θ̄ ,

RdΦ(x, θ, θ̄)
Rd�−→ e2inΦπΦ(x,−θ,−θ̄) ,

RdΦ̄(x, θ, θ̄)
Rd�−→ e−2inΦπΦ̄(x,−θ,−θ̄) ,

RdV (x, θ, θ̄)
Rd�−→ V (x,−θ,−θ̄) . (26)

It is worth emphasizing that, under this (discrete) trans-
formation law, the terms θθ and θθθ̄θ̄ are invariants, which
is very helpful in our further analysis.
Now, under the discrete symmetry, the components of

the superfields transform as

A(x)
Rd�−→ e2inΦπA(x)

ψ(x)
Rd�−→ e2i(nΦ−

1
2)πψ(x)

F (x)
Rd�−→ e2i(nΦ−1)πF (x)

⎫
⎪⎪⎬

⎪⎪⎭

, (27)

Am(x)
Rd�−→ Am(x)

λ(x)
Rd�−→ −λ(x)

λ̄(x)
Rd�−→ −λ̄(x)

D(x)
Rd�−→ D(x)

⎫
⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎭

. (28)

From (28), we see that (24) is, of course, invariant under
the discrete symmetry, as mentioned. Moreover, the last
term in (16) can be redefined by

∫

d2θ
∏

a

Φa(x, θ, θ̄) , if
∑

a

na = 0 . (29)

In the following, we will show that there is a close con-
nection between R-parity and baryon- and lepton-number
conservation laws. Its origin is our desire to get supersym-
metric theories in whichB and L could be conserved simul-
taneously avoiding unwanted exchanges of spin-0 particles.

2.4 Discrete R-Parity in MSSM

Applying the conditions coming from (29) on Lagrangians
in (17) we get the following equations:

nH1 +nH2 = 0 , nL+nH2 = 0 , (30)

nH1+nL+nl = 0 , nH1 +nQ+nd = 0 , (31)

nH2 +nQ+nu = 0 , nQ+nL+nd = 0 , (32)

2nL+nl = 0 , 2nd+nu = 0 . (33)
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Unfortunately, not all of these relations can be satisfied
simultaneously. Only some of these constraints can be sat-
isfied. For example, choosing

nH1 = 0 , nH2 = 0 , nL =
1

2
, nQ =

1

2
,

nl =−
1

2
, nu =−

1

2
, nd =−

1

2
, (34)

the superfields will transform as

V̂ (x, θ, θ̄)
Rd�−→ V̂ (x,−θ,−θ̄) , (35)

Ĥ1,2(x, θ, θ̄)
Rd�−→ Ĥ1,2(x,−θ,−θ̄) , (36)

Φ̂(x, θ, θ̄)
Rd�−→−Φ̂(x,−θ,−θ̄), Φ=Q, uc, dc, L, lc .

(37)

In terms of the field components, we obtain

Am(x)
Rd�−→Am(x) ,

Λ(x)
Rd�−→−Λ(x) ,

H1,2(x)
Rd�−→H1,2(x) ,

H̃1,2(x)
Rd�−→−H̃1,2(x) ,

f̃(x)
Rd�−→−f̃(x) ,

Ψ(x)
Rd�−→Ψ(x) .

(38)

Therefore, the first condition in (30), both conditions
in (31), and again the first condition in (32) are satisfied,
and this does not happen with the remaining conditions.
The terms in the superpotential (17) which satisfy the rule
with the parameters in (34) are

W = µεĤ1Ĥ2+f
l
abεL̂aĤ1 l̂

c
b+f

u
ijεQ̂iĤ2û

c
j +f

d
ijεQ̂iĤ1d̂

c
j .

(39)

Their others terms are forbidden which is the background
that λ and λ′ are kinds of lepton-number violating pa-
rameters, while λ′′ is a type of baryon-number violating
parameter.
Equation (38) suggests us to classify the particles into

two types of so called R-even and R-odd type. Here the
R-even particles (Rd = +1) include the gluons, photon,
W± and Z gauge bosons, the quarks, the leptons and the
Higgs bosons. On the contrary, the R-odd particles (Rd =
−1) are their superpartners, i.e., the gluinos, neutralinos,
charginos, squarks and sleptons. Therefore, R-parity is
parity ofR-charge of the continuousU(1)R-symmetry and
defined by

R-parity =

{
+1 for ordinary particles,

−1 for their superpartners.
(40)

The above intimate connection between R-parity and
baryon-number and lepton-number conservation laws can
be made explicitly by re-expressing (40) in terms of the

spin S and the matter-parity (−1)3B+L as follows [69]:

R-parity = (−1)2S(−1)3B+L . (41)

Therefore, all scalar fields (S = 0) can be assignedR values.

1. Usual scalars:B = L= 0=⇒R=+1.
2. Sleptons: B = 0, L= 1 =⇒R =−1.
3. Squarks:B = 13 , L= 0 =⇒R=−1.

Analogously for fermions (S = 1/2).

1. Gauginos:B = L= 0 =⇒R=−1.
2. Leptons: B = 0, L= 1 =⇒R=+1.
3. Quarks:B = 13 , L= 0 =⇒R=+1.

Because of the gauge bosons as well as all vectorial fields
having B = L = 0, R-parity = +1. It is to be noted that
the above assignment is correct only for the MSSM, where
the vector gauge bosons do not carry the lepton number
(L= 0).
To finish this section, let us note that there will be a lot

of other choices of the charges in (33) forbidding fast pro-
ton decay [70]. However, all such choices are due to the
action of R-symmetry which in a general way can be writ-
ten as [71]

Φ−→ e2inΦ
2π
N Φ . (42)

Here it is similar to a ZN symmetry. Among those choices,
there is a possibility which allows neutrinos to gain masses.
Indeed, choosing

nH1 = nH2 = nL = nl = 0 ,

nQ =
1

2
, nu = nd =−

1

2
, (43)

we get the following transformation of the superfields:

(Q, uc, dc)→−(Q, uc, dc) ,

(L, lc,H1,H2)→ (L, l
c,H1,H2) . (44)

The terms which are allowed by this new R-parity are ob-
tained by

W = µεĤ1Ĥ2+µ0aL̂aĤ2+f
l
abεL̂aĤ1 l̂

c
b+f

u
ijεQ̂iĤ2û

c
j

+fdijεQ̂iĤ1d̂
c
j +λabcεL̂aL̂bl̂

c
c+λ

′
iajεQ̂iL̂ad̂

c
j . (45)

As shown in [72–74], this superpotential gives neutrinos
masses.

3 Discrete R-parity in SUSY 3-3-1 RN

In the supersymmetric 3-3-1 model with right-handed neu-
trinos (SUSY 3-3-1 RN) [54, 55], the fermionic content is
the following: the left-handed fermions are in triplets/anti-
triplets La = (νa, la, ν

c
a)L ∼ (1,3,−1/3), a= e, µ, τ ; QαL

= (dα, uα, d
′
α) ∼ (3,3

∗, 0), α = 1, 2, Q3L = (u3, d3, u
′) ∼

(3,3, 1/3). The right-handed components are in singlets:
lca ∼ (1,1, 1), u

c
i , d

c
i , i= 1, 2, 3, which are similar to those

in the SM. In addition, the exotic quarks transform as u′c ∼
(3∗,1,−2/3), d′cα ∼ (3

∗,1, 1/3). The scalar content is min-
imally formed by three Higgs triplets: η = (η01 , η

−, η02)
T ∼

(1,3,−1/3); χ = (χ01, χ
−, χ02)

T ∼ (1,3,−1/3) and ρ =
(ρ+1 , ρ

0, ρ+2 )
T ∼ (1,3, 2/3). The complete set of fields in the

SUSY 3-3-1 RN is given in [54, 55].
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In the model under consideration, the superpotential is
given by

W2 = µ0aL̂aη̂
′+µ1aL̂aχ̂

′+µηη̂η̂
′+µχχ̂χ̂

′+µ2η̂χ̂
′

+µ3χ̂η̂
′+µρρ̂ρ̂

′ ,

W3 = λ1abL̂aρ̂
′ l̂cb+λ2aεL̂aχ̂ρ̂+λ3aεL̂aη̂ρ̂+λ4abεL̂aL̂bρ̂

+κ1iQ̂3η̂
′ûci +κ

′
1Q̂3η̂

′û′c+κ2iQ̂3χ̂
′ûci

+κ′2Q̂3χ̂
′û′c+κ3αiQ̂αη̂d̂

c
i +κ

′
3αβQ̂αη̂d̂

′c
β

+κ4αiQ̂αρ̂û
c
i +κ

′
4αQ̂αρ̂û

′c+κ5iQ̂3ρ̂
′d̂ci +κ

′
5βQ̂3ρ̂

′d̂cβ

+κ6αiQ̂αχ̂d̂
c
i +κ

′
6αβQ̂αχ̂d̂

′c
β +f1ερ̂χ̂η̂+f

′
1ερ̂
′χ̂′η̂′

+ ζαβγεQ̂αQ̂βQ̂γ+λ
′
αaiQ̂αL̂ad̂

c
i +λ

′′
ijk d̂

c
i û
c
j d̂
c
k

+ ξ1ijβ d̂
c
i û
c
j d̂
′c
β + ξ2αaβQ̂αL̂ad̂

′c
β + ξ3iβ d̂

c
i û
′cd̂′cβ

+ ξ4ij d̂
c
i û
′cd̂cj + ξ5αiβ d̂

′c
α û
c
i d̂
′c
β + ξ6αβ d̂

′c
α û
′cd̂′cβ . (46)

Applying the conditions coming from (29) to (46), we get
the following equations:

nL+nη′ = 0 , nL+nχ′ = 0 , nη+nη′ = 0 ,

nχ+nχ′ = 0 , nη+nχ′ = 0 , nχ+nη′ = 0 ,

nρ+nρ′ = 0 , nL+nρ′ +nl = 0 ,

nL+nχ+nρ = 0 , nL+nη+nρ = 0 , 2nL+nρ = 0 ,

nQ3 +nη′+nu = 0 , nQ3+nη′+nu′ = 0 ,

nQ3 +nχ′+nu = 0 , nQ3+nχ′+nu′ = 0 ,

nQ3+nρ′ +nd = 0 , nQ3+nρ′+nd′ = 0 ,

nQα +nη+nd = 0 , nQα +nη+nd′ = 0 ,

nQα +nχ+nd = 0 , nQα +nχ+nd′ = 0 ,

nQα +nρ+nu = 0 , nQα +nρ+nu′ = 0 , 3nQα = 0 ,

nρ+nχ+nη = 0 , nρ′ +nχ′+nη′ = 0 ,

nQα +nL+nd = 0 , nQα +nL+nd′ = 0 ,

2nd+nu = 0 , nd+nd′+nu = 0 ,

nd+nd′+nu′ = 0 , 2nd+nu′ = 0 , 2nd′+nu = 0 ,

2nd′+nu′ = 0 . (47)

Choosing the following R-charges:

nη = nη′ = nχ = nχ′ = nρ = nρ′ = 0 ,

nL = nQα = nQ3 = 1/2 ,

nl = nu = nd = nu′ = nd′ =−1/2 , (48)

and looking at (27), it is easy to see that all the fields η, η′,
χ, χ′, ρ, ρ′, L,Qα,Q3, l, u, u

′, d and d′ haveR-charge equal
to 1, while their superpartners have opposite R-charge,
similar to that in the MSSM. The terms which satisfy the
defined above symmetry (48) are

W =
µη

2
η̂η̂′+

µχ

2
χ̂χ̂′+

µρ

2
ρ̂ρ̂′+

µ2

2
η̂χ̂′+

µ3

2
χ̂η̂′

+
1

3

[

λ1abL̂aρ̂
′ l̂cb+κ1iQ̂3η̂

′ûci +κ
′
1Q̂3η̂

′û′c+κ2iQ̂3χ̂
′ûci

+κ′2Q̂3χ̂
′û′c+κ3αiQ̂αη̂d̂

c
i +κ

′
3αβQ̂αη̂d̂

′c
β +κ4αiQ̂αρ̂û

c
i

+κ′4αQ̂αρ̂û
′c+κ5iQ̂3ρ̂

′d̂ci +κ
′
5βQ̂3ρ̂

′d̂cβ

+κ6αiQ̂αχ̂d̂
c
i +κ

′
6αβQ̂αχ̂d̂

′c
β

+f1ερ̂χ̂η̂+f
′
1ερ̂
′χ̂′η̂′
]

. (49)

Because of the lepton content of the model considered,
the lepton number L obviously does not commute with the
gauge symmetry. However, a new conserved charge L can
be constructed through L by making the linear combina-
tion L= xλ3+yλ8+LI where λ3 and λ8 are the diagonal
generators of the SU(3)L group. Applying this operator on
a lepton triplet, the coefficients will be defined

L=
2
√
3
λ8+LI . (50)

Moreover, it is useful to produce another conserved charge,
B, which itself is the usual baryon number, B = BI. Thus,
the R-parity in this model can be re-expressed via the spin
S and new charges L and B:

R-parity = (−1)2S(−1)3(B+L) , (51)

where the charges B and L for the multiplets are defined as
follows [52]

Triplet L Q3 χ η ρ

B charge 0 1/3 0 0 0

L charge 1/3 −2/3 4/3 −2/3 −2/3

(52)

Anti-Triplet Qα χ′ η′ ρ′

B charge 1/3 0 0 0

L charge 2/3 −4/3 2/3 2/3

(53)

Singlet lc uc dc u′c d′c

B charge 0 −1/3 −1/3 −1/3 −1/3

L charge −1 0 0 2 −2

(54)

From the superpotential given in (49), it is easy to see
that the charged leptons gain mass only from the term

−
λ1ab

3
Laρ

′lcb+h.c. (55)

The Higgs fields can have VEVs given by

〈ρ〉= (0, u, 0)T, 〈ρ′〉= (0, u′, 0)T ,

〈η〉= (v, 0, 0)T, 〈η′〉= (v′, 0, 0)T ,

〈χ〉= (0, 0, w)T, 〈χ′〉= (0, 0, w′)T . (56)

Combining (55) and (56) we get the mass terms

−
λ1ab

3
(lal

c
b+ l̄al̄

c
b)u
′ , (57)

which lead to the following mass matrix:

X =

⎛

⎜
⎝

λ111
3 u

′ λ112
3 u

′ λ113
3 u

′

λ121
3 u

′ λ122
3 u

′ λ123
3 u

′

λ131
3 u

′ λ132
3 u

′ λ133
3 u

′

⎞

⎟
⎠ .
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Hence, all the charged leptons get mass. Notice that only
the VEV of ρ′ is enough to give the charged leptons masses.
Recall that due to conservation of the R-parity defined

in (48), there are no terms which give neutrinos masses in
the superpotential. Thus, in this case the neutrinos remain
massless. On the other hand, the gaugino mass terms are
given by

LGMT =−
mλ

2

[
8∑

a=1

(
λaAλ

a
A+ λ̄

a
Aλ̄
a
A

)
]

−
m′

2

(
λBλB+ λ̄Bλ̄B

)
. (58)

Recall that in this model the non-Hermitian gauge bosons
are defined as

√
2W±m = V

1
m∓ iV

2
m ,√

2 Y ±m = V
6
m± iV

7
m ,√

2 X0m = V
4
m− iV

5
m. (59)

According to these equations, the gauginos of the model
are defined as

√
2 λ±W = λ

1
A∓ iλ

2
A ,√

2 λ±Y = λ
6
A± iλ

7
A ,√

2 λX0 = λ
4
A− iλ

5
A . (60)

Then, in terms of these fields, (58) can be rewritten as

−mλ
(
λ−Wλ

+
W +λ

−
Y λ
+
Y +λX0λX0∗

)
−
mλ

2

(
λ3Aλ

3
A+λ

8
Aλ
8
A

)

−
m′

2
λBλB+h.c. (61)

The mass matrix of charginos and higgsinos arises from
the following Lagrangian:

LHH̃Ṽ =−
ig
√
2

[
¯̃ηλaηλ̄aA− η̄λ

aη̃λaA+¯̃ρλ
aρλ̄aA− ρ̄λ

aρ̃λaA

+ ¯̃χλaχλ̄aA− χ̄λ
aχ̃λaA

− ¯̃η
′
λ∗aη′λ̄aA+ η̄

′λ∗aη̃′λaA− ¯̃ρ
′
λ∗aρ′λ̄aA

+ ρ̄′λ∗aρ̃′λaA− ¯̃χ
′
λ∗aχ′λ̄aA+ χ̄

′λ∗aχ̃′λaA

]

−
ig′
√
2

[

−
1

3

(
¯̃ηηλ̄B− η̄η̃λB

)
−
1

3

(
¯̃χχλ̄B− χ̄χ̃λB

)

+
1

3

(
¯̃η
′
η′λ̄B− η̄

′η̃′λB

)

+
1

3

(
¯̃χ
′
χ′λ̄B − χ̄

′χ̃′λB

)
+
2

3

(
¯̃ρρλ̄B− ρ̄ρ̃λB

)

−
2

3

(
¯̃ρ
′
ρ′λ̄B− ρ̄

′ρ̃′λB

)]

. (62)

Using (60), we can rewrite the Lagrangian as

LHH̃Ṽ =+ig
[
vη̃−λ+W +wχ̃

−λ+Y +u
(
ρ̃+1 λ

−
W + ρ̃

+
2 λ
−
Y

)

− v′η̃′+λ−W −w
′χ̃′+λ−Y

−u′
(
ρ̃′−1 λ

+
W + ρ̃

′−
2 λ

+
Y

) ]
−
igv
√
2
η̃01λ

3
A− igvη̃

0
2λX0

−
igv
√
2
η̃01λ

8
A− igwχ̃

0
1λX0∗ +igw

√
2

3
χ̃02λ

8
A

+
igu
√
2
ρ̃0λ3A−

igu
√
6
ρ̃0λ8A+

igv′
√
2
η̃′01 λ

3
A+igv

′η̃′02 λX0∗

+
igv′
√
6
η̃′01 λ

8
A+igw

′χ̃′01 λX0 − igw
′

√
2

3
χ̃′02 λ

8
A

+
igu′
√
6
ρ̃′0λ8A−

igu′
√
2
ρ̃′0λ3A− ig

′u

√
2

3
ρ̃0λB

+
ig′v

3
√
2
η̃01λB+

ig′w

3
√
2
χ̃02λB −

ig′v′

3
√
2
η̃′01 λB

−
ig′w′

3
√
2
χ̃′02 λB+ig

′u′
√
2

3
ρ̃0λB+h.c. (63)

The mass terms of the higgsinos are given by

−
µη

2
η̃η̃′−

µχ

2
χ̃χ̃′−

µρ

2
ρ̃ρ̃′−

f1

3
ε (ρ̃χ̃η+ρχ̃η̃+ ρ̃χη̃)

−
f ′1
3
ε (ρ̃′χ̃′η′+ρ′χ̃′η̃′+ ρ̃′χ′η̃′)+h.c.

In the terms of field components, the above expression can
be rewritten as

−
µη

2

(
η̃01 η̃

′0
1 + η̃

−η̃′++ η̃02 η̃
′0
2

)

−
µρ

2

(
ρ̃+1 ρ̃

′−
1 + ρ̃

0ρ̃′0+ ρ̃+2 ρ̃
′−
2

)

−
µχ

2

(
χ̃01χ̃

′0
1 + χ̃

−χ̃′++ χ̃02χ̃
′0
2

)
−
f1

3

[ (
ρ̃0χ̃02− ρ̃

+
2 χ̃
−
)
η01

+(ρ̃+1 χ̃
−− ρ̃0χ̃01)η

0
2+
(
χ̃02η̃

0
1− χ̃

0
1η̃
0
2

)
ρ0

+
(
ρ̃+2 η̃

−− ρ̃0η̃02
)
χ01+

(
ρ̃0η̃01− ρ̃

+
1 η̃
−
)
χ02

]

−
f ′1
3

[ (
ρ̃′0χ̃′02 − ρ̃

′−
2 χ̃

′+
)
η′01

+
(
ρ̃′−1 χ̃

′+− ρ̃′0χ̃′01
)
η′02 +

(
χ̃′02 η̃

′0
1 − χ̃

′0
1 η̃
′0
2

)
ρ′0

+
(
ρ̃′−2 η̃

′+− ρ̃′0η̃′02
)
χ′01 +

(
ρ̃′0η̃′01 − ρ̃

′−
1 η̃

′+
)
χ′02

]
+h.c.

(64)

The neutral gauginos and higgsinos are mixed by the
matrixN :

χ̃0α =
∑

β=gauginos,
higgsinos

Nαβψ
0
β , (65)

where the χ̃0α form fifteen physical Majorana particles. The
charged gauginos mix with higgsinos via two mixing matri-
ces C±αβ :

χ̃±α =
∑

β=gauginos,
higgsinos

C±αβψ
±
β , (66)

to form six physical Dirac particles. These matrices will be
presented in the next section.
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3.1 The discrete symmetry for proton stability
and neutrino masses in SUSY 3-3-1 RN

As before, if we choose the R-charges as follows:

nL = nη = nχ =
1

2
,

nη′ = nχ′ = nu = nu′ =−
1

2
,

nQ3 = nρ′ = 1 , nd = nd′ =−2 ,

nρ =−1 , nQα =
3

2
, nl =−

3

2
, (67)

then the terms under this symmetry are obtained by

W =
1

2

(
µ0aL̂aη̂

′+µ1aL̂aχ̂
′+µηη̂η̂

′+µχχ̂χ̂
′

+µ2η̂χ̂
′+µ3χ̂η̂

′+µρρ̂ρ̂
′
)

+
1

3

(
λ1abL̂aρ̂

′ l̂cb+λ2aεL̂aχ̂ρ̂+λ3aεL̂aη̂ρ̂

+λ4abεL̂aL̂bρ̂+κ1iQ̂3η̂
′ûci +κ

′
1Q̂3η̂

′û′c

+κ2iQ̂3χ̂
′ûci +κ

′
2Q̂3χ̂

′û′c+κ3αiQ̂αη̂d̂
c
i

+κ′3αβQ̂αη̂d̂
′c
β +κ4αiQ̂αρ̂û

c
i +κ

′
4αQ̂αρ̂û

′c

+κ5iQ̂3ρ̂
′d̂ci +κ

′
5βQ̂3ρ̂

′d̂cβ+κ6αiQ̂αχ̂d̂
c
i

+κ′6αβQ̂αχ̂d̂
′c
β +f1ερ̂χ̂η̂+f

′
1ερ̂
′χ̂′η̂′

+λ′αaiQ̂αL̂ad̂
c
i + ξ2αaβQ̂αL̂ad̂

′c
β

)
. (68)

In this case, it is easy to see that the fields L, l, Qα, u, u
′,

η̃, η̃′, χ̃, χ̃′, ρ, ρ′, Q̃3, d̃ and d̃
′ have R-charge equal to 1,

while the others fields have opposite R-charge.
The superpotential in (68) provides us the mass terms

for leptons and higgsinos:

−
µ0a

2
Laη̃

′−
µ1a

2
Laχ̃

′−
µ2

2
η̃χ̃′−

µ3

2
χ̃η̃′

−
λ2a

3
(Laχ̃ρ+ ρ̃Laχ)−

λ3a

3
(Laη̃ρ+ ρ̃Laη)

−
λ4ab

3
LaLbρ+h.c. , (69)

which in terms of field components get the form

−
µ0a

2

(
νaη̃

′0
1 + laη̃

′++νcaη̃
′0
2

)

−
µ1a

2

(
νaχ̃

′0
1 + laχ̃

′++νcaχ̃
′0
2

)

−
µ2

2

(
η̃01χ̃

′0
1 + η̃

−χ̃′++ η̃02χ̃
′0
2

)

−
µ3

2

(
χ̃01η̃

′0
1 + χ̃

−η̃′++ χ̃02η̃
′0
2

)

−
λ2a

3

[ (
νcaχ̃

0
1−νaχ̃

0
2

)
ρ0

+
(
ρ̃0νca− ρ̃

+
2 la
)
χ01+

(
ρ̃+1 la− ρ̃

0νa
)
χ02

]

−
λ3a

3

[ (
νcaη̃

0
1−νaη̃

0
2

)
ρ0+

(
ρ̃0νca− ρ̃

+
2 la
)
η01

+
(
ρ̃+1 la− ρ̃

0νa
)
η02

]
−
λ4ab

3
(νcaνb−ν

c
bνa) ρ

0+h.c.

(70)

It is easy to see that the above Lagrangian givesmass terms
for neutrinos and forbids proton decay.

4 Fermion masses

With the above mass terms, we get the mass matrices for
the neutral and charged fermions, respectively. Diagonal-
izing these matrices, we get the physical masses for the
fermions.

4.1 Masses of the neutral fermions

Mass Lagrangians for the neutral fermions are easily ob-
tained by

Mneutral =−
1

2

[
µ0a
(
νaLη̃

′0
1 +ν

c
aLη̃

′0
2

)

+µ1a
(
νaLχ̃

′0
1 +ν

c
aLχ̃

′0
2

)
+µη

(
η̃01 η̃

′0
1 + η̃

0
2 η̃
′0
2

)

+µχ
(
χ̃01χ̃

′0
1 + χ̃

0
2χ̃
′0
2

)
+µρρ̃

0ρ̃′0

+µ2
(
η̃01χ̃

′0
1 + η̃

0
2χ̃
′0
2

)
+µ3

(
χ̃01η̃

′0
1 + χ̃

0
2η̃
′0
2

) ]

−
1

3

[
λ2au

(
νcaLχ̃

0
1−νaLχ̃

0
2

)
−λ2awνaLρ̃

0

+λ3au
(
νcaLη̃

0
1−νaLη̃

0
2

)

+λ3avν
c
aLρ̃

0+λ4abu (ν
c
aLνbL−ν

c
bLνaL)

+f1vρ̃
0χ̃02+f1wρ̃

0η̃01

+f1u
(
χ̃02η̃

0
1− χ̃

0
1η̃
0
2

)
+f ′1v

′ρ̃′0χ̃′02 +f
′
1w
′ρ̃′0η̃′01

+f ′1u
′
(
χ̃′02 η̃

′0
1 − χ̃

′0
1 η̃
′0
2

) ]

−
mλ

2

(
2λX0λX0∗ +λ

3
Aλ
3
A+λ

8
Aλ
8
A

)
−
m′

2
λBλB

+
igv
√
2
η̃01λ

3
A+igvη̃

0
2λX0 +

igv
√
6
η̃01λ

8
A

+igwχ̃01λX0∗ − igw

√
2

3
χ̃02λ

8
A−
igu
√
2
ρ̃0λ3A

+
igu
√
6
ρ̃0λ8A−

igv′
√
2
η̃′01 λ

3
A− igv

′η̃′02 λX0∗

−
igv′
√
6
η̃′01 λ

8
A− igw

′χ̃′01 λX0 +igw
′

√
2

3
χ̃′02 λ

8
A

−
igu′
√
6
ρ̃′0λ8A−

igu′
√
2
ρ̃′0λ3A

+ig′u

√
2

3
ρ̃0λB−

ig′v

3
√
2
η̃01λB−

ig′w

3
√
2
χ̃02λB

+
ig′v′

3
√
2
η̃′01 λB +

ig′w′

3
√
2
χ̃′02 λB

− ig′u′
√
2

3
ρ̃0λB+h.c.

In the basis Ψ0 of the form

(
ν1 ν2 ν3 ν

c
1 ν
c
2 ν
c
3− iλ

3
A− iλX0 − iλX0∗ − iλ

8
A

− iλB η̃
0
1 η̃
′0
1 η̃

0
2 η̃
′0
2 χ̃

0
1 χ̃
′0
1 χ̃

0
2 χ̃
′0
2 ρ̃

0 ρ̃′0
)
,
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the mass Lagrangian can be written as follows:

−
1

2
(Ψ0)TY 0Ψ0+h.c. . (71)

Here Y 0 is a symmetric matrix with the nonzero elements
given in Appendix , where the mass eigenstates are given
by

χ̃0i =NijΨ
0
j , j = 1, · · · , 21 . (72)

The mass matrix of the neutral fermions consists of
three parts. (a) The first part Mν is the 6×6 mass ma-
trix of the neutrinos which belongs to the 3-3-1 model with
right-handed neutrinos; (b) the second partMN is the 15×
15 mass matrix of the neutralinos which exists only in its
supersymmetric version; (c) the last part MνN arises due
to mixing among the neutrinos and neutralinos.
Thus, the mass matrix for the neutral fermions is

Y 0 =

(
Mν MνN
MTνN MN

)

. (73)

To keep consistence with the low-energy effective the-
ories, some Yukawa couplings in the sub-matrices will be
fixed in terms of fine-tunings as needed in this model.
First, we know that the mass matrixMν gives three Dirac
eigenstates. Two of them have degenerate eigenvalues,
mν =

2u
3

√
λ2412+λ

2
413+λ

2
423, and the other one is mass-

less. Thus, it is easy to identify the mass splitting mν as
the value of measured atmospheric neutrino mass differ-
ence ∆matm ∼ 5×10−2 eV. By putting λ412 = λ413 = λ423,
we get

λ412 = λ413 = λ423 = 2×10
−13 ,

λ421 = λ431 = λ432 =−2×10
−13 . (74)

It is worth emphasizing that when the mixing terms
are turned on, this inverted spectrum will not only give
rise to mass splitting between the two degenerate Dirac
states, but it will also split each Dirac pair into two non-
degenerate Majorana states, resulting in a spectrum with
six Majorana eigenstates with four heavier ones and two
light ones. Here we are assuming that the solar oscillation
is between the two heavier Majorana states.
Finally, to keep to the mass constraints from astro-

physics and cosmology [75] as well as to be consistent with
all the earlier analyses [57], the parameters in the mass ma-
trixMN can be chosen as in this typical example by

µη = 300GeV, µρ = 500GeV, µχ = 700GeV ,

µ2 = 50GeV, µ3 = 200GeV, m
′ = 2000GeV ,

µλ = 3000GeV, f1 = 1.8, f
′
1 = 10

−3 . (75)

Here, in this model, the Higgs bosons’ VEVs are fixed as
follows:

vη = 15GeV, vη′ = 10GeV ,

vρ = 244.9GeV, vρ′ = 13GeV ,

vχ2 = vχ′2
= 1000GeV , (76)

and by the value of g given in [75].
Now, mixing terms arise to correct the effective ones;

thus, in some ways we can get the physical masses. In the
first case, the parameters in the mixing matrixMνN can be
chosen as follows.

1. For the dimensionless parameters:

λ21 = 0, λ22 = 0, λ23 = 0 ,

λ31 = 0, λ32 = 0, λ33 = 0 . (77)

2. For the mass-scale parameters (in GeV):

µ01 = 10
−4, µ02 = 10

−4, µ03 = 0 ,

µ11 = 10
−5, µ12 = 0, µ13 = 0 . (78)

Hence, the neutralinos obtain masses in GeV as follows:

3210.2199, 3152.6352, 3152.6352, 3004.7008, 2087.1869 ,

693.1140, 672.9818, 367.2895, 281.0245, 269.3481 ,

151.7631, 115.9158, 48.4871, 46.7180, 39.5593 . (79)

The tauon neutrino gains masses in eV by

5.39600×10−5, 4.12596×10−7 , (80)

while the masses of the electron and muon neutrinos are
(in eV)

6.31927×10−2 , 5.49914×10−2 ,

5.46530×10−2 , 4.70848×10−2 . (81)

In the second case, the values of the parameters in the
mixing matrixMνN are given in another way.

1. For the mass-scale parameters:

µ01 = 0, µ02 = 0 , µ03 = 0 ,

µ11 = 0 , µ12 = 0 , µ13 = 0 . (82)

2. For the dimensionless parameters:

λ21 = 10
−6 , λ22 = 10

−6 , λ23 = 10
−6 ,

λ31 = 10
−6 , λ32 = 0 , λ33 = 0 . (83)

The masses (in GeV) of the neutralinos are

3210.2199, 3152.6352, 3152.6352, 3004.7008, 2087.1869 ,

693.1140, 672.9818, 367.2895, 281.0245, 269.3481 ,

151.7631, 115.9158, 48.4871, 46.7180, 39.5593 . (84)

The tauon neutrino in this case gains masses in eV by

1.95303×10−4 , 4.87078×10−5 . (85)

Also, the electron and muon neutrinos have masses in eV

8.37329×10−2 , 5.52047×10−2 ,

5.51605×10−2 , 3.69629×10−2 . (86)
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Notice that the coupling constant g′, λ4ab and the param-
eter m′ appear only in the mass matrix of the neutral
fermions, while those of the charged sector are λ1ab.
As above, we give two typical examples of the values of

the mixing terms which not only give the consistent mass
spectra of the neutrinos but also keep a large enough hi-
erarchy, so that the neutralinos gain masses satisfying the
lower mass limit (> 32.5 GeV) from astrophysics and cos-
mology. Consequently, the neutrinos in this model yield
inverted hierarchy mass patterns as shown in Fig. 1.

4.2 Masses of the charged fermions

The terms contributing to the masses of the charged
fermions are

Mcharged =−
λ1ab

3
lal
c
bu
′−
f1

3

(
ρ̃+2 χ̃

−v+ ρ̃+1 η̃
−w
)

−
f ′1
3

(
ρ̃′−2 χ̃

′+v′+ ρ̃′−1 η̃
′+w′
)

−mλ
(
λ−Wλ

+
W +λ

−
Y λ
+
Y

)
+ig
[
vη̃−λ+W +wχ̃

−λ+Y

+u
(
ρ̃+1 λ

−
W + ρ̃

+
2 λ
−
Y

)
− v′η̃′+λ−W

−w′χ̃′+λ−Y −u
′
(
ρ̃′−1 λ

+
W + ρ̃

′−
2 λ

+
Y

) ]

−
µη

2
η̃−η̃′+−

µρ

2

(
ρ̃+1 ρ̃

′−
1 + ρ̃

+
2 ρ̃
′−
2

)
−
µχ

2
χ̃−χ̃′+

−
µ0a

2
laη̃
′+−

µ1a

2
laχ̃

′+−
µ2

2
η̃−χ̃′+−

µ3

2
χ̃−η̃′+

−
λ2a

3
laρ̃
+
1 w+

λ3a

3
laρ̃
+
2 v+h.c.

To write the mass matrix, we will choose the following
bases:

ψ− =
(
l1l2l3−iλ

−
W−iλ

−
Y η̃
−χ̃−ρ̃′−1 ρ̃

′−
2

)T

ψ+ =
(
lc1l
c
2l
c
3iλ
+
W iλ

+
Y η̃
′+χ̃′+ρ̃+1 ρ̃

+
2

)T
(87)

and define

Ψ± =
(
ψ+ψ−

)T
. (88)

With these definitions, the mass term is written in the form

−
1

2
(Ψ±)TY ±Ψ±+h.c. , (89)

Fig. 1. The inverted hierar-
chy mass pattern of neutri-
nos in the model

where

Y ± =

(
0XT

X 0

)

. (90)

Then, the X matrix is given by

X =
⎛

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎝

λ111
3 u

′ λ112
3 u

′ λ113
3 u

′ 0 0 1
2µ01

1
2µ11

λ21
3 w−

λ31
3 v

λ121
3 u

′ λ122
3 u

′ λ123
3 u

′ 0 0 1
2µ02

1
2µ12

λ22
3 w−

λ32
3 v

λ131
3 u

′ λ132
3 u

′ λ133
3 u

′ 0 0 1
2µ03

1
2µ13

λ23
3 w−

λ33
3 v

0 0 0 −mλ 0 −gv′ 0 gu 0
0 0 0 0 −mλ 0 −gw′ 0 gu

0 0 0 gv 0
µη
2

µ2
2

f1
3 w 0

0 0 0 0 gw µ3
2

µχ
2 0 f1

3 v

0 0 0 −gu′ 0
f ′1
3 w
′ 0

µρ
2 0

0 0 0 0 −gu′ 0
f ′1
3 v
′ 0

µρ
2

⎞

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠

.

The chargino mass matrix Y ± is diagonalized by using two
unitary matrices,D and E, defined by

χ̃+i =DijΨ
+
j , χ̃

−
i =EijΨ

−
j , i, j = 1, · · · , 9 . (91)

The characteristic equation for the matrix Y ± is

det(Y ±−λI) = det

[(
−λ XT

X −λ

)]

= det(λ2−XT ·X) .

(92)

Since XT ·X is a symmetric matrix, λ2 must be real and
positive because Y ± is also symmetric. Hence, to obtain
eigenvalues, one only has to calculateXT ·X. Then we can
write the diagonal mass matrix as

MSCM =E
∗XD−1 . (93)

To determine E and D, it is useful to make the following
observation:

M2SCM =DX
T ·XD−1 =E∗X ·XT(E∗)−1, (94)

which means that D diagonalizes XT ·X, while E∗ diag-
onalizes X ·XT . In this case we can define the following
Dirac spinors:

Ψ(χ̃+i ) =
(
χ̃+i
¯̃χ
−
i

)T
, Ψ c(χ̃−i ) =

(
χ̃−i
¯̃χ
+
i

)T
, (95)

where χ̃+i is the particle and χ̃
−
i is the antiparticle [64, 76].

Now, to get mass values, all the parameters in the neu-
tral sector should be kept in this sector of the charged
fermions. Corresponding to the first case in the neutral sec-
tor, we have obtained the following masses (in GeV) for the
charginos:

3156.1474 , 3004.4371 , 665.1171 , 263.3014 ,

209.0726 , 45.9104 . (96)

The ordinary leptons gain masses in GeV as follows:
mτ = 1.7766,mµ = 0.1057,me = 0.00051. In this case, the
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masses have been obtained by using the remaining set of
the dimensionless parameters:

λ111 = 1.18×10
−4 , λ112 = 10

−7 , λ113 = 10
−7 ,

λ121 = 10
−7, λ122 = 2.44×10

−2 , λ123 = 10
−7 ,

λ131 = 10
−7, λ132 = 10

−7, λ133 = 4.10×10
−1 .
(97)

The second case is obtained by changing only the mix-
ing terms as in the neutral sector. As a result, the masses
are the same as in the previous case. Thus, the ordinary
charged leptons get the consistent masses; and, the lightest
chargino with the mass of 45.9104GeV is in the experimen-
tal lower limit of 45 GeV. It was shown in this section that
there are nine fermions. However, as mentioned above, by
the conservation of R-parity, there are only six charginos.
To summarize, as above we have given at the tree

level the consistent masses for the charged leptons and the
neutrinos in the supersymmetric 3-3-1 model with right-
handed neutrinos. Such a model for the leptons is simpler
than that of the supersymmetric minimal 3-3-1 model [56],
where the loop corrections are needed for the masses of the
leptons [57]. The charginos and neutralinos in this model
gain masses respectively very smaller than those of the su-
persymmetric minimal 3-3-1 model [57]. Contrasting with
the supersymmetric minimal 3-3-1 model, the MSSM neu-
tralinos and charginos in this model can be directly iden-
tified via the mass spectra given above, where the mass
constraints on the MSSM particles can be found in [78].

5 Conclusion

In this article, we have found, in framework of the super-
symmetric 3-3-1 model with right-handed neutrinos, def-
initions of the R-charges which are similar to that in the
MSSM. This means that in the model considered, there
is one discrete symmetry which allows the neutral and
charged fermions, gauge bosons and scalar fields to get
masses, at same time forbidding proton decay. Thus, in this
case there exists a phenomenology similar to the MSSM
with the famous missing transverse energy events, which is
specific of the R-parity conservation [77].
We have shown that there is one symmetry which gives

neutrinos masses but forbids proton decay. Unlike the cases
with the MSSM and the minimal 3-3-1 model [57], in this
model, all the fermions get masses at the tree level.
The famous relation for the R-parity in the MSSM has

been generalized to this kind of 3-3-1 models. In this case it
relates to the new conserved chargeL. A simple mechanism
for the mass generation of the neutrinos has been explored.
We have shown that the model naturally gives rise to an in-
verted hierarchy mass pattern for the neutrinos. Moreover,
the MSSM superpartners in this model can be explicitly
identified, which is unlike the case of the supersymmetric
extension of the minimal 3-3-1 model.
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Appendix: Mass matrix elements of Y 0

The nonzero elements of Y 0 are

m1,5 =m5,1 =−
u

3
(λ421−λ412) ,

m1,6 =m6,1 =−
u

3
(λ431−λ413) ,

m1,13 =m13,1 =
µ01

2
, m1,14 =m14,1 =−

λ31

3
u ,

m1,17 =m17,1 =
µ11

2
, m1,18 =m18,1 =−

λ21

3
u ,

m1,20 =m20,1 =−
λ21

3
w ,

m2,4 =m4,2 =−
u

3
(λ412−λ421) ,

m2,6 =m6,2 =−
u

3
(λ432−λ423) ,m2,13 =m13,2 =

µ02

2
,

m2,14 =m14,2 =−
λ32

3
u , m2,17 =m17,2 =

µ12

2
,

m2,18 =m18,2 =−
λ22

3
u, m2,20 =m20,2 =−

λ22

3
w ,

m3,4 =m4,3 =−
u

3
(λ413−λ431) ,

m3,5 =m5,3 =−
u

3
(λ423−λ432) ,

m3,13 =m13,3 =
µ03

2
, m3,14 =m14,3 =−

λ33

3
u ,

m3,17 =m17,3 =
µ13

2
, m3,18 =m18,3 =−

λ23

3
u ,

m3,20 =m20,3 =−
λ23

3
w , m4,12 =m12,4 =

λ31

3
u ,

m4,15 =m15,4 =
µ01

2
, m4,16 =m16,4 =

λ21

3
u ,

m4,19 =m19,4 =
µ11

2
, m4,20 =m20,4 =

λ31

3
v ,

m5,12 =m12,5 =
λ32

3
u , m5,15 =m15,5 =

µ02

2
,

m5,16 =m16,5 =
λ22

3
u , m5,19 =m19,5 =

µ12

2
,

m5,20 =m20,5 =
λ32

3
v , m6,12 =m12,6 =

λ33

3
u ,

m6,15 =m15,6 =
µ03

2
, m6,16 =m16,6 =

λ23

3
u ,

m6,19 =m19,6 =
µ13

2
, m6,20 =m20,6 =

λ33

3
v ,

m7,7 =−mλ , m7,12 =m12,7 =
gv
√
2
,

m7,13 =m13,7 =−
gv′
√
2
, m7,20 =m20,7 =−

gu
√
2
,

m7,21 =m13,7 =−
gu′
√
2
, m8,9 =m9,8 =m10,10 =−mλ ,

m8,14 =m14,8 = gv , m8,17 =m17,8 =−gw
′ ,

m9,15 =m15,9 =−gv
′ , m9,16 =m16,9 = gw ,
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m10,12 =m12,10 =
gv
√
6
, m10,13 =m13,10 =−

gv′
√
6
,

m10,18 =m18,10 =−

√
2

3
gw , m10,19 =m19,10 =

√
2

3
gw′ ,

m10,20 =m20,10 =
gu
√
6
, m10,21 =m21,10 =−

gu′
√
6
,

m11,11 =−m
′ , m11,12 =m12,11 =−

g′v

3
√
2
,

m11,13 =m13,11 =
g′v′

3
√
2
, m11,18 =m18,11 =−

g′w

3
√
2
,

m11,19 =m19,11 =
g′w′

3
√
2
, m11,20 =m20,11 =

√
2

3
g′u ,

m11,21 =m21,11 =−

√
2

3
g′u′ , m12,13 =m13,12 =

µη

2
,

m12,17 =m17,12 =
µ2

2
, m12,18 =m18,12 =

f1

3
u ,

m12,20 =m20,12 =
f1

3
w , m13,16 =m16,13 =

µ3

2
,

m13,19 =m19,13 =
f ′1
3
u′ , m13,21 =m21,13 =

f ′1
3
w′ ,

m14,15 =m15,14 =
µη

2
, m14,16 =m16,14 =−

f1

3
u ,

m14,19 =m19,14 =
µ2

2
, m15,17 =m17,15 =−

f ′1
3
u′ ,

m15,18 =m18,15 =
µ3

2
, m16,17 =m17,16 =

µχ

2
,

m17,19 =m19,17 =
µχ

2
, m17,20 =m20,17 =

f1

3
u ,

m18,19 =m19,18 =
µχ

2
, m18,21 =m21,18 =

f1

3
v ,

m19,21 =m21,19 =
f ′1
3
u′ , m20,21 =m21,20 =

µρ

2
. (A.1)
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