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Neutrinoless double beta decay with and without Majoron-like boson emission in a 3-3-1 model
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We consider the contributions to the neutrinoless double beta decaysSSl(2), ® U(1)y electroweak
model. We show that for a range of parameters in the model there are diagrams involving vector-vector-scalar
and trilinear scalar couplings which can be potentially as contributing as the light massive Majorana neutrino
exchange one. We use these contributions to obtain constraints upon some mass scales of the model, such as
the masses of the new charged vector and scalar bosons. We also consider briefly the decay in which, in
addition to the two electrons, a Majoron-like boson is emitted.

DOI: 10.1103/PhysRevD.64.096001 PACS nuntber23.40-s, 12.60.Cn, 14.60.St

I. INTRODUCTION place [8]. However, this does not mean that the neutrino
mass is necessarily the main factor triggering this decay. In
The issue of neutrino mass continues to be a golden platsome models the4B),, decay can proceed with arbitrary
in elementary particle physics. Although data coming fromsmall neutrino mass via scalar boson exchaf@e The
solar[1], atmospheri¢2], and the Liquid Scintillation Neu- mechanism involving a trilinear interaction of the scalar
trino Detecter (LSND) [3] neutrino experiments strongly bosons was proposed in R¢L0] in the context of a model
suggest that neutrinos must be massive particles, direct me@ith SU(2)®U (1) symmetry with doublets and a triplet of
surements did not obtain any positive reqdlL It is a very  scalar bosons. However, since in these types of models there
well known fact that if neutrinos are massive Majorana par4s no large mass scale, it was shown in Réfl] that the
ticles the neutrinoless double befag),, decay should exist contribution of the trilinear interactions is, in fact, negligible.
[5,6]. If the neutrino mass is the main effect that triggers thisin general, in models with that symmetry, a fine tuning is
decay, the decay lifetime is proportional tior the case of needed if we want the trilinear terms to give important con-
light neutrinog tributions to the 3)o, decay[8,12]. Here we will show
that in a model with gauge symmeti$U(3).®@ SU(3),
_ 2 ®U(1)y (3-3-1 model for shojt[13], which has a rich
(M,)=2 UZm,, o = : 3, _
i iggs bosons sector as in the multi-Higgs extensions of the
standard model, there are new contributions to t88)(,
whereU;, i=1,2,3 denote the elements of a mixing matrix decay. However, unlike the latest sort of models, a fine tun-
that relates symmetry, , a=e,u,7 and mass eigenstates  ing of the parameters of the 3-3-1 model is not necessary
through the relation,==;U,;v;, andm, are the neutrino since some trilinear couplings, which have mass dimension,
masses. Experimentally a half-life limift;;,>1.8x10? yr ~ could imply an enhancement of the respective amplitudes
implies[7] (see Sec. I). We will use the following strategy: First, we
consider the several new contributions to th#3],, decay
(M,)<0.2 eV. (2)  introduced by the 3-3-1 model. Next, once this decay has not
experimentally been seen, we will consider the usual stan-
The important point is that theB8),, decay probes the dard model amplitudéwhich would arise with massive Ma-
physics beyond the standard model. In particular the obsejerana neutringsas the reference amplitude and make the
vation of this decay would be evidence for a massive Majo-assumption that all the new amplitudes are at most as con-
rana neutrino although it could say nothing about the valudributing as this one. Hence, we can obtain constraints on
of the mass. This is because although right-handed currensome typical mass scale 3-3-1 parameters. The new contri-
and/or scalar bosons may affect the decay rate, it has bedwutions to the 88),, decay are of the short-range tyfdet].
shown that whatever the mechanism of this decay is, a norSince the respective matrix elements are different from those
vanishing neutrino mass is required for the decay to takef the long-range contributiong§he exchange of a light-
Majorana neutrinpour results should be considered only as
an indication of the possible large contributions to this decay

*Email address: montero@ift.unesp.br in the context of the 3-3-1 model. The outline of the paper is
"Email address: cpires@ift.unesp.br the following. In Sec. Il we introduce the interactions that
*Email address: vicente@ift.unesp.br are relevant to the present study. The model Wiif) #0,
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which in some cases has a Majoron-like Goldstone boson, isaximum value 3.89 GeV allowed by the value of the
also discussed. In Sec. Il we consider the more importanparametef16]. In fact if v, Were the main contribution to
contributions to the £.3),, decay and the constraints upon pe M,, mass we would hav@/M\z,\ﬁ(Zv(, Iv,.)<0.032.
some masses of the model. In Sec. IV we show that if we adq,he constraint on the mixing analeis T2

a neutral scalar singlet to the minimal model a Majoron-like g ang
Goldstone boson is consistent with t#8 invisible width ) 5
and we also discuss briefly the Majoron emission process 0<32:£ 1- My—My <E )
(BB)o,m comparing the relative strength of two amplitudes. Y02 [452+(M\2,— M\2N)2]1/2 2°

Our conclusions are in Sec. V.

Some illustrative values fas, are obtained by using typical
Il. THE MODEL values for the parameters. For instance, f(ixwr(,1

Here we will consider the 3-3-1 model with the leptons =3.89 GeV, v, =10 GeV, M=80.41 GeV, andMy,
belonging to triplets ¢, 11°)7, I=e,u, 7 and in which a sex-  =100(300) GeV, we ges2=1.9x 10 °(3.4x 10°9); or if
tet of scalar bosons My=100 GeV and ifv,, has its maximal valuev,,
=246 GeV we haves?=1.1x10 2. We see that only for

h, hy
o0 2 L values ofMy~M,, thes? is almost 0.5 but this light vector
V2 2 boson may be not phenomenologically safe. However, f
h, o9 is of the same order of magnitude of the neutrino mass
S=| —= H; — | ~(6,0) 3 smaller values for the mixing angle are obtained. Hence, it
V2 V2 may not be relevant for collider physics and low-energy pro-
hy 0(2’ L cesses like the £8),, decay at all and in practic&V;
T T Hs ~W*, Wy ~V™*, but this could not be the case in astro-
2 2 physical processedl5]. Next, we consider several interac-

tions that are present in this model. The scalar-quark interac-

is necessary to give to the charged leptons a ma$agf tions are

=v,,70 [13]. Most of the phenomenological studies of the
model has been done by consideriad)=v, =0. The case

0 : . ! u-d V2 1 A Ly d +
when(o?)#0 was considered in Reff15], where the other —Ly :mDLVCKMM Urp +mULVCKMM Dr7y
scalar multiplets are explicitly given. The main difference in P K

the latter case with respect to the former one is that there is a — V2 2
mixing between the vector bosokg™ andV™: +DL(VD)'AV{M"Ug EREL —mpf
Ui p
MZ, 8\ (W, 2 2
Wt v ", 4 Ty TA vandn | VS o+ N2y
(W, V,) 5 M2 v;) 4 +UL(V)TA VIMIDg |vp|p o] 7y |+H.c.,
wheres=(g%2)(2v,.v,,), M{ andM{ are the mass eigen- ®
values whens=0; if 6#0 (i.e., whenv,, #0) the mass of with
the physical fields are now
2My = (ME+MZ) £[(MZ~M2)?+45%]12  (5) 000
- 2 2 2 2 2 2 2 A= 000 ! (9)
and we have defineM{,= (g /2)(v,7+vp+u(,2+u(,1), My 00 1

=(9°12)(v5+vi+v) +v5 ), andgis theSU(3), coupling

constant WhiZCh is Znumerically equal to the coupling of andv!d are unitary mixing matricedyi"¢ are the diagonal
SU(2), i.e.,g°=8M{Gg/y2. We have denoted hy,, v,,  mass matrices of the-like and d-like quark sectors, and
andv , the vacuum expectation values of the neutral compoy/.,,, denotes the usual mixing matrix of Cabibbo-
nents of the triplets. Notice tha¥l;,—M,, and M,—M,  Kobayashi-Maskawa. The Yukawa interactions in the lepton
whens—0. The vector bosond/;; andV; are related to the sector are

new mass eigenstat®s;, andW,, as

1 1 1
(W+)_ Ca SH WI (6) _;CIY:EVL’CllRHI‘FEILKzVCRH;“FEIL’CS(lL)CH17
Vi) =s, ¢/ WS
1 — _
with tan260=—26/(M3,—M2). We can obtain an upper + E(IC)LIC4IRH2“+21/L Kilgny =21 K yven,
bound oné by assuming that the main contribution to the
MS\, mass is given by;(,2~246 GeV and that),,l has its +H.c., (10
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where K,=E!'"GEr, K,=E/GE/*; K;=E/GE_, K, There are also trilinear interactions involving two-vector and
=EXGEg; Ki1=E/'"G'Eg, K4=E/G’E/*; GandG' are one scalar bosongthe y~ scalar couples to ordinary and

symmetric and antisymmetri¢they can be compléxmatri-  exotic quarks and for this reason it is not of concern here
ces, respectivelyEg,E, ,E! are the right- and left-handed They are given byup to ag?/2 factoj
mixing unitary matrices in the lepton sector relating symme-

try eigenstates (primed field$ with mass eigenstates 2vs_h + - - ﬁ +y— - e
(unprimed field$ [17]: LAP=—Hy W Wit —=Hy V-Vt 0

| ,=ERgl I/ =E. =E/v,. 11 Vo

R~ ERIRs L LiLs 48 LVL (11 +vXX+++72(H1+++H;+))W~V. (15)

Some of the couplings in Eq10) do not depend on the

charged lepton masses and since all matrices iNHlj.are  Notice that there is a coupling which is proportionalutp
not unitary, the model breaks the lepton universality but itand hence it will be the dominant one. Next, we write down
can be shown that, for the massless neutrino case no strotige trilinear interactions among three vector bosons
constraints arise from exotic muon and tau deddyd. In

the scalar sector we also have mixing angles. In the singly v 9 | gt gy e

charged sector we havep; =Z,O;H; , where ¢; L7=i E(W;wv U TV, VU

=mn1,m.p ,X ,hy ,h; andH; ,j=1,... ,6denotes the

respective mass eigenstate field; similarly in the doubly +FWITVETU ), (16)
charged sector we have; ~=%,0;¥; , with ¥; ] ]
=p~~,x_ Hi ,H; and¥ ", j=1,...,4 therespec- whereW,,=d,W,—dJ,W, and so on. Finally, we have tri-

tive mass eigenstate fields. However, in the following welinear interactions among scalar bosons only

will use H™ and H™ ™ as typical mass eigenstates of the f f
respective charged fields and omit the scalar mixing param- £3S=316”"77ipjxk+§2xTSTP+ H.c. (17)
eters. We recall that the model conservesiirel + B quan-
tum numberL is the total lepton number, arglis the baryon

number. The assignments are The couplingsf, , have dimension of mass but both of them

are arbitrary paramete(§e$ the next sectipnOther terms,

-—\_ -\_ -—\_ -\ - such as the trilinear$;»n'S'» and f,eSSSand the quartic
HU)=AV)=FHp )=Fx )= n2) interactions ex(S7*)p, x"np'7n and expSS violate the
conservation ofF. However, as we will show in Sec. 1V,
when discussing the Majoron emission, the model must be
modified by adding a scalar singlet in order to be consistent
=FH; )=2, (12)  with the LEP data.

=Fx)=Fo)=Fhy)=FH;")

and all other scalar fields wittF=0. The charged currents IIl. THE NEUTRINOLESS DOUBLE BETA DECAY
coupled to the vector bosons are given by
Some of the more relevant diagrams of th#8),, decay
9 . in the present model are shown in Figs. 1—6. Our goal is to
L£LCC=— —(UL?’”VCKMDLW;— v YVl LW; analyze the order of magnitude of each diagram and to ob-
V2 tain constraints on some mass scales of the model. We will
consider the diagram in Fig. 1 as the reference one, i.e., it is
the diagram that already exists in the standard model frame-
(13)  work with massive Majorana neutrinos and which is param-
etrized by two effective four-fermion interactions. The other
with the mixing matrices defined aSCKM:(VE)TVE in the pontributions will be considered as being at most equally as
quark sector, and/y=E;'E,, Vy=ELE/ in the leptonic important as the standard one.
sectors. We have the trilinear interactions involving one-

+HIE YV Vs — 15 y*Vyl U ) +H.e,

vector and two scalar bosons which are of the féup to a dr, ur
ig/+\/2 factop .
LYZS=gmx T xTTW + x T xTTW, +a*hy Hy W uﬁ) €1,
+aMHY Thy W, +94p p TV + a4 TV v, er,
+hyg#Hy TV +a*h  H3 TV, + (g 0%y W~
+ 77 @3 +h3 o*hy +hia*h3)U, " +H.c. dr, ur
(14 FIG. 1. (8B),, decay via light massive Majorana neutrinos.
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dL uy, dg, ur,
Wé v R
=
vh I: N e
€R - eR
V- §
dr, U,
d[, ur, s

FIG. 4. New contribution to the £B),, decay in the 3-3-1
FIG. 2. The same as in Fig. 1 but with one bilepton vector bosommgdel.

V™ replaced by a vector bosoiv~.
lighter than the vector bilepton bosan . Hence, a lighter

The strength of the diagram in Fig. 1 is given by vector bosorV may still be possible but this subject deserves
4 5 a more detailed study of the muon decay considering both
AL)= g¥M,) , 32GKM,) , (19  vector and scalar contributions. A contribution similar to that

M\‘}V<p2> Co= (p?) Co» in Fig. 1 but with twoV™~ bosons instead of tw@/~ bosons
may be not negligible but it does not constrain the nidss

where(M,) is the effective mass defined in Ed) and(p?)  as much as those in E(1) since the condition that its ratio

is the average of the four-momentum transfer squared, whictp the A(1) amplitude be less than one gives the condition

is of the order of (100 Me\A. Below we will use a smalb My>My/tand. All the Lagrangian interactions in Eq),

so thatM;—M,y andM,—M,. In Eq. (18) and hereafter (10), (13), (14), (15, and(16) are written in terms of sym-

we will omit for simplicity the mixing parameters. Only in metry eigenstates. We have assumed Yukawa couplings of

the vertices we will take care about the mixing betw&¥n the order of unity. As we are not considering the mixing

andV defined in Eq(6) but in the propagator we will use the among the scalar fields our constraints are valid only for the

masses oW and V. main component of the symmetry eigenstate scalar fields. It
Next, let us consider the diagram in Fig. 2 which has themeans thaH™ andH™~ denote the dominant mass eigen-
strength given by states of the singly and doubly charged scalar fields, respec-
tively. The amplitude of the diagram in Fig. 3 is
A(2) 32@2(MW)2 Co (19 (M,)
oC —_— [ —
"My (p?) A3)x — . (22
. (PIM,-
and we have the ratio The scalar contribution in Fig. 3 can be as important as
N the standard one in Fig. 1. We have
@—(M—W)Z <p2>tanbl (20
A1) (M M, ’ A(3 1
( vi (M) (3) 3

o IV
and if A(2)/A(1)<1 we have that AL 32GEMY, ¢

My >2.2X 104MW ftan,=1.79x 100 ftan, GeV. (21) and assuming tha(3)/A(1)<1 andc,=1 we get

We recall that a lower limit of 440 GeV is obtained fb, My->124 GeV. (24)
from the muon decays but when only the bilepton contribu- o P
tions to those decays are considefa@]. However, in the oM Eq.(15) we see that the contributian x "W, V*~is
minimal 3-3-1 model the scalar-boson contributions cannof® dominant one in diagrams like that in Fig. 4. As we said

be negligible since some of the charged scalar bosons can B&fore we will omit the mixing angles, i.e., assumigg -
~H™ . Hence we have

dr, : UR i ug
Hvﬁ €R v °R
VL> 61_% - _U‘;__‘ - A\
H™ - er
dr, | UR dr, ur
FIG. 3. Charged scalars contribution to th@g3),, decay. FIG. 5. The same as in Fig. 4 but only involving vector bosons.
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dL upr
H™ E 61_2
W
- R

dr, UR

FIG. 6. Pure scalar Higgs bosons contribution tBg),, decay
in the 3-3-1 model.

v

wiviv -
Next, we note that
A(4 2
(4)_ v, () -y
A1) (M,) 32GEMZM3EM?, - -
1 Gev*
~5.33x 10 tar? 0¢, (26)
2712
MyM}, - -

where we usedM,)=0.2 eV [4], v,=3 TeV, and(p?
=(100 MeVY. If A(4)/A(1)<1 it implies

1 Gew?
My >7.3x 10 taneﬁ. (27

H-—

A similar analysis arises by considering Fig. 5; however, Fig

PHYSICAL REVIEW D64 096001

f
>—<2.1x10"% GeV ..
2

(30

For an arbitraryU (1)y charge for the scalar multiplets the
symmetry of the potential ISU(3), ®[U(1)]2. If the triplet

n and the sextet have bothN=0, as is the case for the
present model, the trilinear couplings , break the extra
U(1) symmetry. We have verified that if both ,=0 there is
indeed a pseudo-Goldstone bog@A]. It means thaf; , are
arbitrary parameters and in principle they can be sitsaly,

1 GeV), or large(say, 1 TeV mass scales. We see thaffif
=1 (10 %) TeV thenM- - is greater or of the order of 300
(10) TeV. For this value for the mass of the doubly charged
scalar field andd small the constraint given in Eq21) is
stronger than that of Eq27). For instance, if ta#=10"8
we have from Eq(21) thatMy=179 GeV.

There is also a diagram in which the doubly charged sca-
lar field in Fig. 6 is substituted by a vector bosth ~.
Although the interactions in Eq14) are proportional tag
they are also derivative and proportional to the momentum
p~ (p?); hence it is suppressed with respect to the diagram
in Fig. 6.

IV. MAJORON EMISSION

If the F quantum number is spontaneously broken as in
the present model, it means that a Majoron-like boson does
exist. Since the scalar field that is responsible for the break-
down of that continuous symmetry aéf and it belongs to a
triplet of the subgroupSU(2)®U(1), this Majoron-like
Goldstone has similar couplings to that of the triplet Majoron
‘model of Ref[21]. It is well known that this sort of Majoron

5 is less enhanced than the contribution of Fig. 4 becauslehodel has been ruled out by the CERNe~ collider LEP

instead ova is the momentum of one of the vector bosons

D~ m that appears in it 'data[22]. Apparently, since the Higgs sector of the present

model is rather complicated having a neutral scalar singlet

More interesting are the contributions involving trilinear [under SU(2)@U(1)], x°, it seems that the Majoron-like

scalar interactions given in EQL7) like that of the diagram
in Fig. 6. We have in this case

f
A(B) —5——r— (28)

2 )
Mi-MZ_

whereM - represents a typical mass of the singly charge
scalar bosons, say 124 GeV,,-- is the mass of the doubly

charged scalar boson, ahds the trilinear coupling, or f,

Goldstone in this case will be able to avoid the LEP con-
straints as claimed in Refgl5,23. However, we will show
that this is not indeed the case. The mass matrices of the
scalar and pseudoscalar in this model have been given in
Ref. [15]. Here we will only give the results of the mass
eigenvalues and the respective mixing matrix in@f-even

Oscalar sector. The argument in REE5] was the following.

Let us begin with the relatioR=3;03;H}, whereH?,
=1,...,5,denotes the mass scalar eigenstates Rndhe

in Eq. (17) with dimension of mass. The ratio of these am- real component of the scalar fiekf_ according to the general

plitudes is

A(6) f(p?)
A1) 32GZMY M2 (M,)c)

f/GeV |4.8x10 29
~1 52
M7 __/GeV?| ¢}
If A(6)/A(1)<1, and assumingcy=1 and My-

=124 GeV, we obtain the constraint

shifting of the neutral scalar fields in the scalar potential of
the form XP— (1/y2)(vx + R +il;),i=1,2,3,4,5 wherex!
=7,p0,X,01,0>, respectively. In this case Iﬂ? denotes the
lightest scalar bosonMHl<Mz, we are assuming a mass
spectrum whereMHi<MHj if i<j), the contribution to the
decay modez®—HIM? is Fﬁ2M0=2|(’)Zl|2Ff;. Hence, if
|09,]<1072 the model would be consistent with the LEP
data; i.e., nowFf'EMo would be reduced to an acceptable

level. First of all recall that as shown in Ref15] the
Majoron-like boson decouples from the other pseudoscalar
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fields, i.e., Imr{=1,=MP. For instance, using the same val- Nig UpVo, 1 v,
ues of the vacuum expectation valugsEVs) and f, ,= M= — ﬁv—+27\170(2r2+ ﬁ()\lsvxvaz—pr)v—
—1 TeV and with the dimensionless constant of the scalar K K
potential given in Ref. [15] with A =0.1 for k t
=1,2,3,4,5,6,7,8,9,18,20,,,=0.01 form=13,14,16,17\,, +2K0, 05+,
=0.001 forn=10,11,12,19, and 15=0.05, we obtain the Uy
following masses in the scalar sector 1 v
(0.056,102,1342,3626,4325) GeV and the mixing maiix M p,=— - (v2f,0,+ fv, ) >+ 2,
to three decimal placgs 4 Up Up
1 v, t,
0.0 0.081 -0.010 0.996  0.021 M33=—Z(\5f1v7,+fzvgz)v—+ -
X X
0.0 0995 -0.029 —0.082 0.039 )
o_| 0.0 —0.030 —0.999 —0.008 0.004 _ Uqls toy
O = . M44 K 2 + y
1.0 0.0 0.0 0.0 0.0 Vo Vo

0.0 0.040 -0.005 0.017 -—0.999

t,,

1 v fou,v
_ = 2 2\ 7 2_ '2Yp"x, 72
(31) M55—2 _2()\150)( )\160”)0(,2+2)\17U” 1 +v ,

(T2 (T2

This pattern of mixing matrix remains the same for several vf,v(,1 ty
values of the parameters provided tliv@tl is a small VEV  Mge=« +

restricted to the condition that it has to be smaller than 3.89

GeV[16]. From Eq.(31) it can be seen that the scalar partner fy fy

of the Majoron is always mainly the lightest scalar, i.e., Mi,=——=v,, Miz=——F—=v,, Mpy=—«kv,vs,
|O21]~1 and it would be always produced at LEP. We see 22 22

that the Majoron in the minimal 3-3-1 model has been also
ruled out by the LEP data. One possibility to recover consis-
tency with the LEP data is to break explicitly ttfesymme-

try by adding trilinear terms likef37"S#,f,x"S"p in the
scalar potential, see E(L7). In this case there is no Majoron 1 f2
at all and althoughy . still has a small value, due b all Mas=— Z(‘/EflanerUoz)' M24=0, Mgzs= 2Y

scalars are heavy enough to not be produced at the LEP
energie§24,25. Of course, in this case there is no contribu- 2
tion to Majoron emission in the neutrinoless double beta deM26=0, M34=0, Mss=77v,, M3z=0,
cay. However, our results in Sec. Ill are still valid since they
depend only on the small value offl. Another possibility

that we will consider here is to modify the model by intro- M4s=0, My=—«
ducing a scalar singl&t®, which carriesF=2 (or L=2), in
the same way as considered in R&6,27] in the context of
aSU(2)®U(1) model. In this case we have to add the fol-
lowing terms to the scalar potential in REL5]:

21)2 E'

15:ﬁ()\lSU)z(_)\IGU;ZJ)+2)\17an0'21 M16: Kvnva'li

v
PR Mse=0. (33
The mass matrix above has two true Goldstone bo@fj‘bs
and the Majoron-like oneM?, and three massiv€ P-odd
pseudoscalar bosons. The massless ones are given by

GI=(0w,/v,,—1,0,0,0/(1+v2/v?)*
V(X 3) = u2524+ N304+ 3 [y Tr (XX 32 1= (O0pfoy Ol royfy
|

2 2, 2v,02
Tt v U, U,Uy o Uy
-k n'S'p3+H.cl, 32 o_| 27 P x P -1
n'S'ny ] (32) G v, ViV, v, b
where X; denotes any triplety,p, y or the sextetS and we 205 vs
will denote Ax, @S N222324.25 respectively, and«>0. The — Vl / N,
neutral Higgs sector contains sxP-even scalars and three 2
massiveC P-odd pseudoscalar beside the masslegsodd 0 TN
Majoron. The neutral scalar singlet also gains a VEV, i.e., M™=(0,0,0v,, /vs,0,)/(1+v5 Iv$)™,
3 =(vs+Rg+ilg)/\/2, and the mass term is given M?/2, (34)

where M? in the pseudoscalar sector in the basis
I1,15,15:14,15,16 iS given by (the constraint equations ap- WhereVi=v, (v5+v3), Vo=v, (v +v); N is the nor-
pear in the Appendix malization factor that we will omit here We have verified
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v N
Eco
=
o
&
|
Q »
NS

e :
X~ g‘ H | R
d u dy, UR
FIG. 7. Contribution to the Majoron emissio88),,m decay. FIG. 8. Trilinear scalar coupling contributing to th@8)q,m

X~ can be a scalar or vector boson. decay.

that M® in Eq. (34) is in fact the Majoron: by adding an However, we still can assume that neutrinos have small
explicit F-violating term, likef;%'Sy, it gets a mass while masses and numericalfy,~(M ). We will assume also that
the other twoG; , remain massless. The massive pseudoscahe contribution to the £8),m decay in Fig. 7 withX™

lars for the parameters used before have the following=W™ is the reference contribution. This diagram depends
massesin GeV): 174, 3625, and 4325. On the other hand, ifonly on the neutrino masses and mixing angles, and we will
v, =0, which forcesk=0, the Majoron is purely singlet compare it with other contributions like the one in Fig. 8.

and the real and imaginary parts @? are mass degenerate, The couplings of the Majoron to the vector bosons are pro-
i.e., form a complex field, with mass portional tov,,, and so they are negligible. We will consider

X ) only the diagram with the Majoron coupled to the scédar

v v since it is proportional to the trilinedr, shown in Eq.(17).
mal:l’«421+)\100§2+()\12+)\19)?n"‘)\137)("‘)\147’3 We have
vs B8 ff, .
—_— [0 —
Ao (39 (8) ME M2 (37

We see that in this case the Majoron has no doublet compaith f that can bef, or f,. Let us consider the ratio
nents at all and it is mainly singlet. Hence it is possible to

keep consistent with LEP data. Although there are astro- B(7) m,Q

physical constraintsthe Majoron emission implies a differ- NG > 2 Y

ent rate for the stellar coolinghat have to be taken into @ 32GEMK(M,)Chus

accoun{ 28], in the basis we have chosen they are less SeveleLare we have introduced the fact@rwhich denotes the

since we have avoided the doublet component of the Maz, Jijapie energy. It implies that the diagram in Fig. 7 is a

joron.. Anyvyay, SINCENNESE cpnstraints have been a!readkfotentially important contribution wheX is the W vector
considered in Ref27] and they imply that , <0.33 GeVif 00 cince foQ~3 MeV [30] the suppression oB(7)

vs=1 TeV, we will use these values for, ,us. Once we  wjll depend mainly on the value afs . If B(7)/A(1)<1 we
have shown in what situation there is a safe Majoron-likeobtain thatvy>1.65<10 2 GeV which is automatically
boson in the present model we can consider the emission afatisfied.

this Goldstone boson in the neutrinoless double beta decay. On the other hand, comparing the amplitudes of the dia-
In fact, as in the triplet Majoron model, in the present modelgrams in Figs. 7 and 8 we have

it is possible to have the neutrinoless double beta decay with

Majoron emission: 8—2p+2e~+M? [29], denoted here B(8) ffy(p?>)Myvs

by (88)o,m - We will denote the strength of the amplitude of B(7) « ME M2 m. (39)

the diagrami of the (883)q,m decay byB(i). This decay R

proceec_is via the diagram in Fig. 7 and it has a strength,q forMy=M,=400 GeV andbs=1 TeV, using typical
proportional to values as f=f,=f,=—1 TeV, My-=124 GeV, and
My--=500 GeV, and the other parameters in E2f), we
m, (v, /vs) have thatB(8)/B(7)~1.3x 10° or B(8)/B(7)~1.5x 1C® if
W' (36) f,=f,=f=—10"2 TeV. The relative importance of the
X 71 processes in Figs. 7 and 8 will depend on the values of the

_ . . trilinear parameters and on the valuewgf.
whereX™ can be a scalar or a vector boson, i.e., the diagram P v

in Fig. 7 can be formed with any one of Figs. 1, 2, or 3 with
a Majoron attached to the neutrinos. The couplings between V. CONCLUSIONS

neutrinos and the Majoron are diagonal and given by e see that in the 3-3-1 model, as in other models with
m,/v,,. Notice that in Eq(36) the truly neutrino mass ap- complicated Higgs sectof8,12], besides the well known
pears instead of the effective madd,) defined in Eq.(1). mechanism of exchanging massive Majorana neutrinos be-

(39)

B(7)x
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tween two standard mod¥l— A vertices, there are new con- case the neutrinos would be almost Dirac particles and the
tributions involving the exchange of scalar bosons. Howevergonstraints on the several mass scales of the model should be
unlike a similar mechanism in the context of extensions ofobtained by directly comparing these contributions with the
the standard model there is no need for fine tuning in order ttower bound on the half lifer?/,>1.8x 10% yr [7]. i) In

have trilinear scalar couplings giving large contributions tothe basis we have chosen, see &4), the Majoron couples

the several neutrinoless double beta decay modes. Noticd the tree level only to neutrinos, and hence the constraints
that effective interactions from diagrams such as those N thev-»-M vertex, coming from muong— evvM), pion,

Fig. 3 are still parametrized in the form of two general four-and kaonz*(K*)—IlvM decays, are the same as in Ref.
fermion effective interactionghey are pointlike at the Fermi [33]. The existence of the vertexe”V*, which is propor-
scalg exchanging a light neutrino in betwef3i]. However, tional to sind and for this reason is not relevant for labora-
contributions involving trilinear interactions like those in tory processes, may have, as we said before, important astro-
Figs. 4, 5, and 6 necessarily need a six-fermion effectivédhysical consequencgs5]. (iv) Phenomenology of nonzero
interaction parametrization. Another important point to beinitial electric charge processes, likee™ and hadronic
stressed here is that in the present model the double Majordies, Will furnish constraints on the trilinear vertices appear-
emission 2—2p+2e”+2M° may be as contributing as N9 in Figs. 4, 5, and 6 b_ut this will be con_S|dered els_eyvher_e.
the decay with only one Majoron boson. This decay is ex-1he 3-3-1 model has a rich scalar sector indeed. This implies

pected to be important in supersymmetric moda,33. In that it may be, in_ pri_nciple, diffi_cult to separate in a given
the present model it can occur because in diagrams like th&rocess the contributions of all fields belonging to a charged

in Fig. 8 a second Majoron can be attached to the scalq?ecmr' However, it has been shown that in lepton-lepton col-
. . . o . ey . iders the left-right asymmetries are not sensible to the scalar
lines. Since this coupling is proportional to the trilindarit

i till ible that th . ing f th contributions. It means that those asymmetries are the appro-
IS stll possible that the suppression coming from € Masy s gpservable for the doubly charged vector bilepton dis-
square in the denominator does not sufficiently suppress

' . . o ; very[36]. We see that the opposite occurs in t
this processthere is also an important contribution coming decay){ it is possible that the rﬁgin contribution cgﬁwgggyfrom
from the vertexv . x~ ; M?). There are also contributions

imil h v h I . the doubly charged scalar boson, through the diagram in Fig.
similar to the one in Fig. 8 but now t © sca a(r)—Majpron V€T, while the respective vector boson contribution seems to be
tex above is substituted by the verté& V™M"®, which is

. 5 . M . negligible. Finally we would like to compare our Majoron
proportional tog Vo and for this reason it is not necessarily ,o4el with that of Schechter and Vali26]. Firstly, we no-
suppressed. It is interesting to note that this sort of contributice that although our model has two singlet, three doublets,
tion to the (88)o,mm decay, coming from adding another and a triplet of scalars under the subgrdBp(2)®@U(1),
trilinear coupling in the diagram in Fig. 8, which is not de- the respective scalar potential is not reduced to the scalar
rivatively suppressed, was not considered in R88|. Re-  potential invariant under the stand&8t(2)® U (1) symme-
cent experimental data on Majoron emission decays havgy, involving the same multiplets. For instance, in our model
been constrained only the effective Majoron-neutrino couthere are cubic invariants that are not present in the former.
pling constan{30]. Other processes like the doulfecap-  Secondly, we have not introduced right-handed neutrinos and
ture [29] can also be important in the present model. Soméor this reason we have only light neutrinos. It means that the
comments are now in ordeff) We have not considered pos- singletS does not couple to the leptons and that the coupling
sible cancellations among several contributions to each digf neutrinos to Majoron and® are diagonal. Thus, the de-
gram. It means that our constraints are valid, as we said igays y,,— v, + M and v;— v, + | + »{ are not induced at
Sec. lll, for the main component of each scalar field of theyne tree level, where,, , although light, is heavier than, .
singly and doubly charged scalar sectofis) Our results  tha decavaevﬁnLMo is produced at the one-loop level
were obtained assuming that all new contributions, say to th@ue to the mixing betweew and V. The vertex is propor-

(BB)g, decay, are at most as important as the contributioqiona| to (022 /u<): then even with of the
due to a light massive Majorana neutrino exchange which is @°\2) 0oV, /03); Vo

proportional to(M ). However, we can wonder what would order of 10 GeV anady of the ordgr of 1 TeV the lifetime is

be the value of the effective maghl,) if we use the oscil- Of the order of the age of the univerg@he decayvy— v,
lation data and direct measurements on neutrino masses. R@-QA alsozoccurs but the vertex involved is proportional to
cent analyses show that by assuming a normal mass hierdid /\/E)(Uullvi)-] Notice also that in the basis given in Eq.
chy the effective mass parameter can take any value frort34) the Majoron does not couple to the charged leptons so
zero to the present upper lin{i84]. In fact, if the data on there is not the processt+ e— M+ e at the tree level which
oscillation is put together with that fromg(8),, decay and imposes severe astrophysical constraints jnas has been
tritium beta decay, it was shown that if the minimum of noted in Ref[27].

(M,) with respect to the mixing angles is greater than the
present bound of 0.2 eV, then neutrinos are quasi-Dirac par-
ticles[35]. As discussed previously, the black box of H&f

may induce a negligible Majorana mass to the neutrinos and This work was supported by Fundacde Amparo &Pes-
in the context of the present model we must interpret thigjuisa do Estado de 8&aulo(FAPESP, Conselho Nacional
situation as an indication of the fact that the main contribu-de Ciecia e Tecnologi#CNPg), and by Programa de Apoio
tion to the (38),, decay is not the diagram in Fig. 1. In this a Nicleos de Excélacia (PRONEX).
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APPENDIX: CONSTRAINT EQUATIONS OF THE SCALAR 5 5 5 5 Mo 5
POTENTIAL Uy, =uav, t )\10(v01+ vgz)vgl+ N1 ot > Vo,
Here we show the constraint equations that must be satis- N N N N
1 inl* 13 2 14 o 19 - 25 2
fied by the scalar potential: VR T Ve S VU T b0k
N A A
_ 2 3 4 2 5 2 12, 2 2
t,=pniv, TN+ ?vpv,?-i- ?UXU,]‘FT(U(H"‘UUZ)U,] K
2 U vvg y

Ais A A9
_ 2 16 2 _ 2 Ay 2
2ﬁvxv”2+2ﬁv”v”2 MUt 5 00y

f1
— KU,y Us+ —=0,0,, 5 PR N1 g A2,
n-o PYX — — —
! 242 t0'2_1u’400'2+)\10(v02+v01)l)0'2+ 2 Ua'2+ 2 U77Uo'2
A N N
2 3 4 2 6 2 14, 2 2 A A A N
t,=us50,+ A0+ —=—vv,+—=vv,+ — (v +v)v 418 2 24 2 0 115 2 16 2
p— M2V, 2%p T o Vst o ¥XYp T o ( oy 02) p + > va‘72+ > VU, > _zvxv,ﬁ-z _vav77
2
)\16 )\2 1% UE fl
2 p N N A
T =V VU Ut Ng—— + —=u 2 18 2 202 B 2
o o2nmp 4 Togp 23 9 22 X —)\170an2+ 2 Vo, t 2 VUq, T 5 VoV
fs f
‘2 2
+ 4Ug-2UXy +ZUPUX’
A N N
_ 2 3 5 2 6 2 13, 2 2
ty=m3v, T Ayt > VoVt > ULt > (v(,1+v(,2)vx
Nis Nig Ux”% fa 2 3 N2, N3, Nag
- \/EUUZUWUX—’_ 4 U(,ZUX+)\24 2 +2\/§U7]vp tE:MSUE—’_)\ZlUEJ’_ 71}7]024' TUPUE—’_ 71))(1)2
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