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Abstract

The R-symmetry formalism is applied for the supersymmetric economical SU(3). ®SU(3), ®U(1),

(3-3-1) model. The generalization of the minimal supersymmetric standard model relation among R-parity,
spin and matter parity is derived, and discrete symmetries for the proton stability in this model are imposed.
We show that in such a case it is able to give leptons masses at just the tree level. A simple mechanism for
the mass generation of the neutrinos is explored. With the new R-parity, the neutral fermions get mass matrix
with two distinct sectors: one light which is identified with neutrino mass matrix, another heavy one which is
identified with neutralinos one. The similar situation exists in the charged fermion sector. Some
phenomenological consequences such as proton stability, neutrinoless double beta decays are discussed.
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1. Introduction

Although the Standard Model (SM) gives very good
results in explaining the observed properties of the
charged fermions, it is unlikely to be the ultimate theory.
It maintains the masslessness of the neutrinos to all
orders in perturbation theory, and even after non-pertub-
ative effects are included. The recent groundbreaking dis-
covery of nonzero neutrino masses and oscillations [1]
has put massive neutrinos as one of evidences on physics
beyond the SM.

The Super-Kamiokande experiments on the atmosph-
eric neutrino oscillations have indicated to the difference
of the squared masses and the mixing angle with fair
accuracy [2,3]

AmZ, =13+3.0x107 eV, )

sin?26, > 0.9. @)

atm

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

Am? =8.0"05 x107 eV?, (3)

tan 0 = 0,457, @)

Since the data provide only the information about the
differences in m’, the neutrino mass pattern can be
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either almost degenerate or hierarchical. Among the hie-
rarchical possibilities, there are two types of normal and
inverted hierarchies. In the literature, most of the cases
explore normal hierarchical one in each. In this paper, we
will mention on a supersymmetric model which naturally
gives rise to three pseudo-Dirac neutrinos with an in-
verted 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 symmetry that neutrinos become massive. We
know these from the popular seesaw [4-14] and radiative
[7-11] models. Particularly, the models based on the
SUQ@3).®SU(3), ®U(1), gauge unification group
[12-23], called 3-3-1 models, give more stricter fermion
contents. Indeed, only three fermion generations are
acquired as a result of the anomaly cancelation and the
condition of QCD asymptotic freedom. The arbitrariness
in this case are only behind which SM singlets put in the
bottoms of the lepton triplets? In some scenarios, exotic
leptons may exist in the singlets. Result of this is quite
similar the case of the SM neutrinos. As a fact, the me-
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chanisms of the Zee’s type [7-11] for neutrino masses
arise which been explored in Ref. [24].

Forbidding the exotic leptons, there are two main
versions of the 3-3-1 models as far as minimal lepton
sectors is concerned. In one of them [12-14] the three
known left-handed lepton components for each generation
are associated to three SU(3), triplets as (v,,/,/°),, in
which /] is related to the right-handed isospin singlet of
the charged lepton / in the SM. No extra leptons are
needed and therefore it calls that a minimal 3-3-1 model.
In the variant model [15-18] three SU(3), lepton
triplets are of the form (v,,/,v;), , where v, is related
to the right-handed component of the neutrino field v,,
thus called a model with the right-handed neutrinos. This
kind of the 3-3-1 models requires only a more economical
Higgs sector for breaking the gauge symmetry and
generating the fermion masses. It is interesting to note
that two Higgs triplets of this model have the same
U(1), charges with two neutral components at their top
and bottom. Allowing these neutral components vacuum
expectation values (VEVs) we can reduce number of
Higgs triplets to be two. Therefore we have a resulting
3-3-1 model with two Higgs triplets [27-28]. As a result,
the dynamical symmetry breaking also affects lepton
number. Hence it follows that the lepton number is also
broken spontaneously at a high scale of energy. Note that
the mentioned model contains very important advantage,
namely, there is no new parameter, but it contains very
simple Higgs sector, therefore the significant number of
free parameters is reduced. To mark the minimal content
of the Higgs sector, this version that includes right-
handed neutrinos is going to be called the economical
3-3-1 model.

Among the new gauge bosons in this model, the neu-
tral non-Hermitian bilepton field X° may give pro-
mising signature in accelerator experiments and may be
also the source of neutrino oscillations [25-26]. In the
current paper, the neutrinos of the 3-3-1 model with right-
handed neutrinos is a subject for extended study.

The 3-3-1 model with right-handed neutrinos gives the
tree level neutrino mass spectrum with three Dirac fer-
mions, one massless and two degenerate in mass [29].
This is clearly not realistic under the experimental data.
However, this pattern may be severely changed by quan-
tum effects and gives rise to an inverted hierarchy mass
pattern. This is a specific feature of the 3-3-1 model with
right-handed neutrinos which was considered in Ref. [29]
(see also [30]), but such effects exist in the very high
level of the loop corrections.

The outline of this work is as follows. In Section 2 we
define the R-charge in our model in order to get similar
results as in the Minimal Supersymmetric Standard Mo-
del (MSSM). While in Section 3 we impose another dis-
crete symmetry that allow neutrino masses but forbid the
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proton decay and the neutron-antineutron oscillation. In
Section 4 we calculate the fermion masses in our model,
then we present some phenomenological dis- cussion of
this model. Our conclusions are found in the last section.
In Appendix, we present the mass matrix elements of the
neutral fermions.

2. Discrete R-Parity in the Supersymmetric
Economical 3-3-1 Model (SUSYECO331)

In the supersymmetric 3-3-1 model with right-handed
neutrinos (SUSY331RN) [31-32], the R-parity was already
studied and we have shown that if R-symmetry is broken,
the simple mechanism for the neutrinos mass can be con-
structed [33]. This mechanism produces the neutrinos
mass which is in agreement with the experimental data.

The supersymmetric extension of the economical 3-3-1
model (SUSYECO331) was presented in [34]. The fer-
mionic content of SUSYECO331 is the following: the
left-handed fermions are in the triplets/antitriplets under
the SU(3), group, namely, the usual leptons are the
triplets L, =(v,,l,v{), ~(1,3,-1/3), i=1,2,3; while
in the quark sector, we have two families in the anti-
triplets Q,, :(da,ua,Da)~(3,3*,0) , a=1,2, and
one family in the triplet O, = (u;,d;,T)~(3,3,1/3).
The right-handed components are in the singlets under
the SU(3), group: I ~(1,1,1), u’ ~(3,1,-2/3),
di ~ (3*,1,1 /3), which are similar to those in the SM. In
addition, the exotic quarks transform as
T¢~(3,1,-2/3),5 ~(37,1,1/3).

The scalar content is minimally formed by two Higgs
triplets:

Z: (I?»Ii$l§)7‘ - (1539_1/3)
and p=pr P’ i) ~(1,3,2/3).

In order to cancel chiral anomalies in the
SUSYECO331 model, we have to introduce the follow-
ings scalar Higgs triplets

=) ~(1L3,1/3)
and P =(p P P ~(1,3,-2/3).
In this model, the VEVs are defined by
200" = (u,0,w), 20 =(u',0,w), (5
V2(p)" =(0.%,0), V2(p) =(0.v,0).  (6)

The VEVs w and w' are responsible for the first
step of the symmetry breaking, while u,u’ and v,V'
are responsible for the second one. Therefore, they have
to satisfy the constraints:

u,u' v, v <w,w (7
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The complete set of fields and the full lagrangian of
SUSYECO331 are given in Ref. [34]. The most general
superpotential is given by:

w, W,
2 3
where
w,= lLlOil,:iLf( +/JZ}2/? + #pﬁ/b” )
and

_ N I oA r 7T T A
VVS - }/abLaLp lbL + lagLaLZp + ﬂ’abgLaLLpr
+KiQ1L/%’uAiCL +K QILZA'MAI"C + l9iQ1LIb,CZiCL
A A N A AR
+19a Qle daCL + naiQaLpuicL + T[a QaLpuLC
~ AL , oA A Sre ~ ~ ~
+HaiQaleiLL + HaﬂQaL/l/dﬂLL + gfaﬁ;/QaLQﬂLQ;/L
Je e nre G1e Grc Ac Gre Gic e
+§4ijd;Ld;LuLL + égSaﬂida(LdﬂLL”;L + é:()aﬁdaLLdﬂLLuLL
rA Je T A jre
+§aajLaL QaL d;L + gaaﬂLaLQaLdﬂ(L .
(10)

The coefficients 4,4, and x, have mass dimen-
sion and can be complex variables [35], while all co-
efficients in 7, are dimensionless, and A/, =-4,, .

Let us impose the R-parity as the same as that of the
minimal supersymmetric standard model. In this case, we
have to choose the following R-charges

n,=n,=n,=n,=0,n, =ny =ny =1/2,
n=n,=n,=n, =n,=-1/2. (11)

The superpotential satisfying the above R-parity con-
servation is written as

_ILIZ ANT lup AAY 1 N A ArAc
Wie = TZZ +7,D,0 +§|:/11[/Lip I} + &, O5n';
+iON' T + 10,0, 207 + 16, O X'T°
+ K3aiQaﬁdic + K;aﬂQaﬁDA; + K4m'QaﬁﬁiC
+K4,0,PT° + k5,0, p'd; + K1,0,p' D,
K00, 25 + 54,y 0, D5 | (12)
with this superpotential, we have shown that [34] the bo-
son, Higgs sectors and the fermion one gain masses.
Thus, the R-parity in this model, as in the

SUSY331RN, can be re-expressed via the spin S, new
charges L and § in terms of [33]

R-parity= (=1)* (=1)""*", (13)
where the charges B and L for the multiplets are defined
as follows [29]

Copyright © 2011 SciRes.

Triplet L 0, X P
B charge | 0 % 0 0
L charge l —z i —z
3 3 3
(14)
Anti-triple o, | ¥ o'
B charge é 0 0
L charge 2 4 2
3 3 3
15)
Singlet | u | d° | 1 | D°
B charge 0 LA IS S I O I
3 3 3 3
L charge | -1 0 0
(16)

From the superpotential given in Equation (12), it is
easy to see that the charged leptons gain mass through
the term

—é?@p%+hf. (17)

Their mass matrix, see Equation (6), is given by
vl
— A (18)
%E%’

Note that there is only VEV of p' given the charged
leptons masses.

Unfortunately, as in the MSSM case, due to con-
servation of the R-parity defined in Equation (11), there
are no term which gives neutrinos masses. However,
looking at the superpotential of this model given in Equa-

tion (10), we see that there is a term LAI.]:].,[), which

generates the following
Ay (LLp+LLp+LLp) (19)

The first term in (19) generates the following neutrino
mass matrix

v
5 (20)

As shown in Ref. [34], the mass pattern of this sector
is 0,0, m,, m,, m,, m,. Note that in this case, we
have two massless neutrinos. Unfortunately, as in the non-
symmetric version, the quantum corrections at one loop
level cannot generate the realistic mass spectrum to the
neutrinos. To get the realistic neutrino masses, one have
to introduce new physics scale or inflaton with mass
around the GUT scale [37-38].

In this article, we will explore a new mass mechanism
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to generate neutrino masses at tree level for all neutrinos
and study the flavor violating processes, such as neu-
trinoless double beta decay, which do not exist in our
previous work.

3. The Discrete Symmetry for Proton
Stability and Neutrino Masses in
SUSYECO331

In this section to get neutrino mass and impose flavor
violating processes, we chose the new R charge as

where W,. is defined in Equation (12). The super-

follows
1 1
nL—nZ—z,nl, n, = ny Y
o, =N, I,n, =n,=-2,
3 3
n, :_1’"% :E’nl :—E. 21)

This R-charge is different from those presented in Ref.
[34]. We will show that in this case, there exist some
new phenomena, which are previously not allowed.

The terms under this symmetry are obtained by

1 "Ml T oA [ [ 5 'O Ld° ), L.DS
W =W +5:“o,-Ll-7( +§(ﬂ'2i‘9Lilp+AjingiLjp—’_ﬂ’aianLidj +§2aiﬂQaLiDﬂ)’ @2

potential given in (22) will not only allow some in-
teresting flavor violating processes but also will simul-
taneously give the nucleons a stability. As we will show
in next section, this superpotential will also generate
masses to all neutrinos in the model.

4. Fermion Masses

The superpotential (22) provides us the mixing between
the leptons and higgsinos as

With the above terms, we get the mass matrices for the
neutral and charged fermions. Diagonalizing these ma-
trices we obtain the physical masses for the fermions.
Firstly, let us study the neutral fermions masses.

4.1. Masses of the Neutral Fermions

In the basis ¥° of the form

v vvivi il W00 5 8 B BW W X X7,

the mass Lagrangian can be written as follows
—%(‘{’O)TYO‘{’O +H-c. (24)

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

7 =N, =117, (25)

The mass matrix of the neutral fermions consists of
three parts: a) the first part M, is the 6x6 mass matrix
of the neutrinos which belongs to the SUSYECO331; b)
the second part M, is the 11 x 11 mass matrix of the
neutralinos, which exists only in the presented
supersymmetric version, has been analyzed in [36]; c) the

last part M, arises due to mixing among the neutrinos
and the neutral higgsinos. Thus, the mass matrix for the
neutral fermions is signified as follows

0 (Mv )()x() (MVN )llx()
Y’ = (26)

(M) (M) )

where matrices M, and M,, are presented in Equa-
tions (52) and (54).

Let us keep the mass constraints from astrophysics and
cosmology [39] as well as being consistent with all the
earlier analysis [40], the parameters in the mass matrix
M, can be chosen as a typical example:

U, = 600 GeV, u, = 700 GeV, M, = My =300 GeV, M ,; =400 GeV, u,, = ty, = Hy; =1GeV,
A=Ay =g =1, Ay, :4'1071:]313 =5-107", A :6'10711’/1323 =7-107", Ay :8'10711’/1332 =9-107", 27

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

v, =15GeV,v, =10GeV,
1 il
v, =244.9 GeV,v, =13 GeV,

Copyright © 2011 SciRes.

v, =V, = 1000 GeV,
2

22

and the value of g is given in Ref. [39].
Using the values given in Equations (27) and (28), the
eigenvalues of fermion mass matrix are obtained as
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m_, =—1282.27GeV, m_, =1236.53GeV, m_, =1041GeV, m_, =-705.43GeV,

7 16

215 X4

m_, =631.46GeV, m , =620.21GeV, m_, =487.49 GeV, m_, =385.08 GeV,
V4 211

13 12

210

m , =304.82 GeV, m , =186.45GeV, m , =57.13GeV, m , =—0.103 GeV,
29 V43 27 Z6

m_, =-0.043GeV, m_, =2.0415-10"" GeV, m_, =2.0413-10™"" GeV,
75 24 73

m , =-2.0412-10"" GeV, m

(%)

In the Equation (29), there are some negative eigen-
values. In order to obtain the positive mass, the eigen-
states need to be redefined by the chiral rotations.

Equation (29) shows that we have two very distinct
sector, one contains the light neutral fermions that we
will associate with the usual neutrinos in the SM and the
other one contains the heavy neutralinos. The lightest
neutralino mass equals to 57 GeV and it is consistent
with limits on inelastic dark matter from ZEPLIN-III
[41].

- _ 1011
Lo = 2.0410-10" GeV. (29)

Using the values given in Equations (27) and (28), the

cigenvalues of the mass matrix (M, ), = are obtained as

m_,=m_, =0GeV,
4 Vo3

my,=m,=m,=m,=2.125-10"" GeV.

-0
23 x4 x5 X6

(30)

These values are smaller than that of the new me-
chanism given in (29). On the other hand, the eigen-
values of the matrix (M N )llxll are obtained by putting
the numerical given in Equations (27) and (28) as follows

m_, =1207 GeV, m o =1143 GeV, m_, =1040 GeV, m_, =704.61 GeV,
7 R 29

10

m_, =585.49GeV, m_, =499.85GeV, m_, =429.68GeV, m , =374.72 GeV,

11 212

m_, =30481GeV, m_, =175.89 GeV, m_, =56.88 GeV.

15 16

These results can be understood as follows: Because
of the interference matrix (M, ),,; between the neu-
trino mass matrix and the neutralino mass matrix, all
neutrinos gain mass at the tree level. This change of the
neutrino mass spectrum is suitable to experiment data.
Thus the neutrino mass spectrum in the model under con-
sideration depends on the choice of R -parity. Now we
deal with the charged fermions.

4.2. Masses of the Charged Fermions

To write mass matrix of the charged fermions, we will
choose the following bases

A ) ~f— ~p— - r
‘//_:(11 L LW YV & P ) >
+ c c c Ayt )+ ~ 4 ~ 4 ~r\!
14 =(l1 Lok woYopa Py X ) ,(32)
and define
+ + A\
=y v (33)
with these definitions, the mass term is written in the
form

—%(\}'i)TYi\{ft +H-c, (34)
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13 Na
(1)
217
where
0o X’
Yt = . 35)
X 0
Here the X matrix is given by
/1111 ’ 1121 ! 2’131 ’
% % % 0 0 0 0 0
W2 32 32
2’112 ! 2’122 ! j‘132 ’
% % % 0 0 0 0 0
W2 W2 32
j'113 ! 1'123 ! 1'133 ’
v v v 0 0 0 0 0
W2 W2 W2
g gu
0 0 0 0 0 ==
M0 Y !
X= g gw|.
0 0 0 0o M 0 ==
' V2 2
A Ay Ay 8gv
w w w == 0 u 0 0
W2 W2 W2 2 ?
% Ay Ay 8gv
u u u 0 == 0 0
NN AN 2 Hr
1 1 1 aw  gw'
Eﬂm Eﬂoz 5;“03 ﬁ 2 0 0 u,
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The chargino mass matrix Y* is diagonalized by
using two unitary matrices, D and FE, defined by

B=DYL i =EY.,ij=1,8  (36)

The characteristic equation for the matrix Y™ is
N -2 X'
det(Y™ —/1[)=detKX iﬂ=det(/‘tz -X".X).(37)

Since X' -X is a symmetric matrix, 4> must be
real and positive because Y* is also symmetric. In
order to obtain eigenvalues, one only have to calculate
X" . X . The diagonal mass matrix can be written as

Mg, =E XD (38)

To determine E and D, it is useful the following ob-
servation

M, =DX"- XD =E'X-X"(E")". (39)

It means that D diagonalizes X' -X , while E’
diagonalizes X -X'. In this case we can define the
following Dirac spinors:

~+ ~+ ==\ cr~- ~  =+\f
YO =z ) YwaH=(z z). «o
where 7 is the particle and #, is the anti-particle
[42].
Using the values given in Equations (27) and (28), the

eigenvalues of the charged fermion matrix given at
Equation (36) are obtained as

m, =5x10"" GeV, m, =0.104GeV, m, =1.179 GeV,
m_, =69.09GeV, m_, =522.92GeV,
Vi o3

m_. =600.22GeV,m_, =732.64 GeV,m_. =1168 GeV.
V73 5

(41)
It is easily to see that the mass matrix is divided in two
sectors: one heavy which is identified as the charginos
and has been studied in our previous work [34]. Another
one light which is identified as the usual leptons.
On the other hand, if we take the mass matrix from our
work and using the same values to the parameters we get
masses of the charged leptons:

m, =5x107* GeV,m, =0.119 GeV,m, =1.249 GeV. (42)

-+
3

Now using the mass matrix to the charginos given in
[18] we get

m; =69.05GeV,m, =522.78 GeV,m; =600.01GeV,
1 %) 23

m;, = 600.42 Ge\/,m;25 =1168 GeV. (43)

In this case, the new elements put down masses of the
muon and tauon and at the same time remove the mass
degeneracy between y, and y,. Anyway we can see

Copyright © 2011 SciRes.

that the mass matrix in the charged fermion sector is
basically divided in two sectors: one giving masses of the
usual known leptons and another one giving masses of
the new charginos.

5. Nucleon Decay in the SUSYECO331

Let us remind that in the MSSM [35,43-47], the R-parity
violating terms in superpotential are given by
VVzRV + W;RV + W arv +Wiry , where

Wry = IUOagi’aI:IZ >
Wigr = AweL LIS + A, 6Q,L,d¢ + Al diicds.  (44)

< =iTaj ijk

Here we have suppressed SU(2) indices, ¢ is the
antisymmetric SU(2) tensor. Above, and below in the
following, the subindices a,b,c run over the lepton
generations e, 1,7 but a superscript ¢ indicates charge
conjugation; i, j,k=1,2,3 denote quark generations.

Note that the A -coupling in the MSSM is similar to
the &, -coupling in the most general form of the
superpotential in the SUSYECO331, which is given in
Equation (10), and the coupling A" is similar to the
coupling &;.

From Equation (44), we can obtain the B-violating
Yukawa couplings as follows
Apdigu di + H -c. (45)

The interactions among lepton, quark and squark are
given by

A (v — 5l )d, + Hee. (46)

Taking into account Equations (45) and (46), we can
draw two Feynmann diagrams describing the proton de-
cay, which are shown in the Figures 1 and 2. The Figure
1 describes the proton decay into charged leptons. At the
lowest approximation, there is no mixing in the quark,
neutrino and squark sectors. It means that u, =u, u, =c
and u,=¢ and so on. The proton could decay into
p—one’, p—>D°u" and p— (ut)r", but the last
two modes are forbidden kinematically.

The analysis presented above shows that the proton
can decay only in p — n’e’. On dimensional grounds,
we estimate

a(ﬂ{lk )05(/?111{) M3 (47)

0
r(p —T e+) ~ m proton >

‘zk

where a(1)=A%/(4n). Giving 7(p — en)>1.6x10"

years [20] and taking m i O(1 TeV), we obtain
A <5.29x107%. (48)

It is consistent with the limits presented in [48]. For a
more detailed calculation see [49,50]. Other decay modes,
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[ (& C
d, Uy, Ug, Ug

+ 7+ 7+
U1 l13127l3

Figure 1. Proton decay into charged leptons in the MSSM
and in SUSYECO331 (with A" —>¢&; and A'— &;).

c Jc Jc
dl 1 27d3

C C C
U Vi, Vy, V3

Figure 2. Proton decay into antineutrinos in the MSSM and
in SUSYECO331 (with A" —¢&; and A'— &;).

where the proton decay into antineutrino, have been
considered in [51]. The mentioned decay modes are

p—>r'v,, p>Kv,, p->Bv, ' In these cases, we

get the same numerical results as presented in Equation
(48).

The bound presented in Equation (48) is so strict. So
the natural explanation only is that at least one of the
couplings has to be zero. In order to avoid that the
simplest way is to impose the R-symmetry. This leads to
avoid the proton decay.

In our superpotential given at Equation (22), we allow
only interactions that violate L-number. Therefore the
proton is stable at tree-level. However it is not only
forbidden the dangerous processes of proton decay but
also forbidden the neutron-antineutron oscillation. This
oscillation was studied in detail in [52-55].

In [45-46], in the framework of the supersymmetric
3-3-1 model with right handed neutrinos, the R-parity
violating interaction was applied for instability of the
nucleon. The result is consistent with that of the present
article (noting that in Ref. [45-46], the authors have
taken a lower limit of the proton lifetime equal to 10> y).

6. Neutrinoless Double Beta Decay in
SUSYECO331

Neutrinoless double beta (OvBf4) decay is a sensitive
probe of physics beyond the standard model, see Figure
3, since it violates lepton number [56-62]. This expe-
rimental result casts stringent constraints on new physics.
Particularly, for the conventional mechanism of Ov3p -

' Again, we are bare mixing in the quarks, neutrinos and squarks sectors.

Copyright © 2011 SciRes.

d, > > Uy,
w
_ , e
A
*
Mpgy ¥
el ¥
w
d, > > ur

Figure 3. Neutrinoless double beta decay in SM with ma-
ssive neutrinos.

decay with massive Majorana neutrino exchange be-
tween decaying nucleons it implies an upper bound on
the neutrino mass below 1 eV.

The neutrinoless double nuclear beta decay reaction,
Ovpp , takes place by the nucleon level process,
n+n— p+p+e +e , initiated through the lepton
number violating subprocess, d +d > u+u-+e+e.
These rare reactions bear close similarities in the lepton
number conserving double beta decay reactions,
n+n—p+p+e +e +v,+v,. The relevant experi-
mental situation corresponds to a parent nucleus whose
beta decay channel, 4, — 4, + /", is energetically
closed, but which is allowed to decay to the daughter
nucleus, A4,.,, via the two-step beta decay process
involving virtual transitions to the neighboring nucleus,
A, > A, +p = A,,+p +p . The double beta
decay processes probe the nuclear structure through the
nuclear ground state matrix elements of two-current co-
rrelation functions. Only the regular double beta reactions
have been experimentally observed so far, while active
searches are currently pursued for the Ovf3f reactions,
which offer sensitive probes of new physics.

The experimental measurements of the double beta
decay nuclear reactions,

(Z,N)>(Z+2,N-2)+¢e +¢ ,

are performed for even-even heavy nuclei, with a re-
presentative sample of the nuclear transitions given by,

®Ca > ®Ti, "“Ge > Se, ¥Se >

82KI', lOOMO N lOORu’ 128Te N IZSXC.

The experimental setups using geochemical (Se, Zr,
Te nuclei) or radiochemical (U, Pu) techniques and
employ dedicated detectors with Ge semiconductor ma-
terial, cryogenic, scintillation, or beta ray tracking. The
most stringent experimental limits are those obtained by
the Moscow-Heidelberg collaboration [60,61], with the
corresponding experimental limits for the "®Ge nucleus
OvBB half-life given by, T, >[1.1x10%,1.5x10%] vy,
respectively. The future projects aim at a half-life
sensitivity of order, 10°° y. A summary of the available
experimental information along with a review of the fu-
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Figure 4. Neutrinoless double beta (Ov88) decay in the
MSSM with massive neutrinos and in SUSYECO331 (with
A= &).

ture experimental projects can be found in Ref. [62].

The supersymmetric mechanism of Ovgf decay was
first proposed by Mohapatra [63] and later studied in
more details in Refs. [64,65]. In Ref. [66] it was shown
that the gluino exchange contribution to Ovgf -decay
leads to a very stringent limit on the first generation R
parity violation-Yukawa coupling A/, <3.9-10™. Re-
cently, Babu and Mohapatra [67] found another con-
tribution comparable in size with the gluino exchange. It
allows one to set stringent limits on combinations of the
intergeneration R parity violation-Yukawa couplings
such as A/,4,, where i denotes generations, see Fi-
ure 4.

The constraints on the parameters of the minimal
supersymmetric standard model with explicit R—parity
violation deduced [67,68] from the Ovgf half—life
limit are more stringent than those from other low—
energy processes and from the largest high energy ac-
celerators. The limits are

(49)

' —4 m; mg
A, £3.9:10
100 GeV ) | 100 GeV

with m, and m; denoting squark and gluino masses,

respectively, and with the assumption mg =g . This

result is important for the discussion of new physics in

the connection with the high—Q” events seen at HERA.
We find further [66]

A Ay <1.1-107, (50)

A A £3.2:107°, (51)

The analyses presented in the MSSM to the neu-
trinoless double beta decay are still hold in the
SUSYECO331 model, because the A’ is allowed in our
superpotential as shown at Equation (22).

7. Conclusions
In this paper we have presented new R-symmetry for the

supersymmetric economical SU(3), ®SU(3), ®U(1),
mode and studied neutrino mass by implication for the

Copyright © 2011 SciRes.

obtained R-parity. The neutrino mass spectrum is affec-
ted by the chosen R-parity. By imposing the R-parity,
namely: R-parity= (=1)**(=1)**"" | the neutrino mass
spectrum at the tree level contains two massless.

We remind that in the non-supersymmetric econo-
mical 3-3-1 model, to give neutrinos a correct mass pa-
ttern, we have to introduce new mass scale around the
GUT scale. The same situation happens in the super-
symmetric version and the above puzzle can be solved
with the help of the inflaton having mass in the range of
the GUT scale. In this paper, we have showed that by the
chosen R parity and the set of parameters, the pseudo-
Dirac neutrino mass is available.

We have found that the other R-parity given in (21)
leads to the interference between the neutrino and neu-
tralino mass matrices. Because of this interference mass
matrix, all neutrino gain mass only just at the tree level
and the interference mass matrix does not much affect on
the neutralino mass spectrum. In the charged lepton sector,
with the new R-parity, there is also an interference mass
matrix between the usual leptons and charginos. By taking
the numerical, we show that the charged sector is ba-
sically divided in two distinct sectors: one giving the
usual known leptons and the other ones given the new
charginos. If we ignore the interference charged lepton
mass matrix, the chargino mass spectrum is degenerated.
This degenerated mass spectrum is removed by imposing
the new R-parity.

The new R-parity not only provides a simple mecha-
nism for the mass generation of the neutrinos but also
gives some lepton flavor violating interactions at the tree
level. This will play some important phenomenology in
our model such as the proton’s stability, forbiddance of
the neutron-antineutron oscillation and neutrinoless
double beta decay.
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Appendix

Elements of Neutrino Mass Matrix in SUSYECO331

The elements of Y° presented in Equation (24) is given by Equation (26) where

0O 0 0 0 G, G,
0 0 0 G, 0 Gy,
0 0 0 G, G, 0
M,=| 0 G, G, 0 0 0 (52)
G, 0 G, 0 0 0
G, G, 0 0 0 0
and
\%
Ga == a - a ) (53)
, NE(/?H Z3pa )
while
o Moo A, AL 00000 0
2 W2 W2
0 Moo A2 A 0000 0 0
2 W2 W2
0 Hooog A, A 00000
v 2 W2 32
vN (54)
0 i, o Hu A 00000
32 2 32
0 2,0 M2 A2 0000 0 0
32 2 32
0 2,0 M 0000 0 0
32 2 32

and M, ispresented in [18].
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