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Spontaneous breaking of a global symmetry in a 3-3-1 model
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In a 3-3-1 model in which the lepton masses arise from a scalar sextet it is possible to break spontaneously
a global symmetry which implies in a pseudoscalar Majoron-like Goldstone boson. This Majoron does not mix
with any other scalar fields and for this reason it does not couple, at the tree level, to either the charged leptons
or to the quarks. Moreover, its interaction with neutrinos is diagonal. We also argue that there is a set of
parameters in which the model can be consistent with the invigiBlevidth and that heavy neutrinos can
decay sufficiently rapid by Majoron emission, having a lifetime shorter than the age of the universe.
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PACS numbd(s): 14.80.Mz, 12.60.Fr

. INTRODUCTION complex singlet, a complex triplet, and the usual SU(2) dou-
blet [8]. In this case the Majoron can evade the LEP data
In chiral electroweak model neutrinos can be massless aiince it can be mainly a singlet.
any order in perturbation theory if both conditions are sup-
plied: no right-handed neutrinos are introduced and the total Il. THE MODEL
lepton number is conserved. If we do not assume lepton . _ .
number conservation we have two possibilities: we break it Hereé we will consider a model with SU(8® SU(3).

by hand, i.e., explicit breaking or, we break it spontaneously® Y(1)n Symmetry with both exotic quarks and only the

The later possibility implies the existence of a pseudoscalalfnOWn charged .Iepto.nga]. In this mode], in order to give
ass to all fermions it is necessary to introduce three scalar

Goldstone boson called a Majoron which was first suggeste L lets
in Ref.[1] where a non-Hermitian scalar singlsinglet Ma- P
joron mode] was introduced, and in Ref2] where a non- X~ +
Hermitian scalar triplet was introduce(riplet Majoron __ 0
mode). Since the data of the CER&I"e™ collider LEP[3] X=X ~@B=1., p={ p |~@BD,
the triplet majoron model was ruled out. The original model X P
only considered one triplet and one doublet. In that model
the majoron is a linear combination of doublet and triplet n
components but it is predominantly triplet. Hence, the light- L | ~@30 (13
est scalar R% has a mass which is proportional to the ’
vacuum expectation valu@/EV) of the triplet and for this 72
reason it is very small. Once we have the decay
—R°M?, whereM® denotes the Majoron, and since the only
decay of the light scalar iR°—M°MP°, there is an extra
contribution to thez%-invisible width. Its contribution is ex- o'g < =
actly twice the contribution of a simple neutrino. Since the V2 V2
Higgs scalars have only weak interactions they escape unde-
tectec_i. Hence_, any experim_ent tha_t c_oynts the number of s=| = H;~ =2 | ~(60). (1b)
neutrino species by measuring t@&-invisible width auto- \/E
matically counts five neutringst,5]. 4 0
There are also possibilities involving only Higgs doublets h_l 92 Hi+t
and charged singlet scalars but they also need to include V2 2 2
Dirac neutrino singlets. A minimal model of this sort was
proposed in Ref[6] where an extra doublet scalar-carrying  Although we can assign a lepton number to several scalar
lepton number was addédoublet Majoron modél The new  fields we prefer to use the global quantum numiérL
doublet does not couple to leptons. The LEP data imply that- B [10]. It is clear that the model needs only one global
at least a second doublet of the new type has to be introducegiantum number and not four as in the standard model, i.e.,
[7]. In this sort of model, since there are at least three doufamily lepton numbelL;,(i=e,u, with L=Z%;L;) and the
blets, the lightest scald®® can be assumed naturally to be baryonic numbeB. The quantum numbeF coincides with
heavier than th&® avoiding the decag®—R°MP. In this L andB for the known particles but implies the assignation
Majoron doublet model the lepton number violation takesof a single quantum number to the other particles.
place at the same scale of the electroweak symmetry break- The most general gauge artdconserving scalar potential
ing. It is also possible to consider a Majoron model with oneis

and a sextet
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V=uin ntudp o+ wix x+ u3Te(S'S) + M M2+ Na(p )2+ Na(x Tx) 2+ 7T nlhap o+ Nsx X1+ N6(pT0) (X Tx)
+N2(7"p) (P )+ Ne(" ) (X M)+ No(pTX) (XTP) + N1 TISTS) 2+ N TH (S'S)2]+ Tr(S'S) [N 1 7" 1) + N 1a(xx)
+X14(p ") T+ [N 15 xi(Sx ™) i+ N 166 pi(Sp 1) i+ N 17674 €™"Sy S 7 i+ H.CT+ N1y 'SSx + N 197 'SS' 7

fi . f,
+N0'SSp+ Ee”kmpjxk-f—EXTSTp-f— H.c.|. (2

Terms like the quartic X'7)(p'%), xSu'p, ho
7Sn"7,xpSS and the trilinearyS'7,SSSdo not conserve o 2
the F quantum numbefor the leptorL) and they will not be V2
considered here. h ' ©®

The minimum of the potential must be studied after the 2 H;~
shifting of the neutral components of the three scalar multip- V2

lets. Hence, we redefine the neutral components in Egs. ] o 0
as follows: and two singletsy,  and x".

The mass matrix in the real sector in the basis
(RY,R9,R3,RY,RYT, is given by the symmetric matrix

[l =]

1 1
0 0, :10 0 0,0
n——=(v,+Ri+il7), p"——=(v,+Ry+il,),
2 2" e Ve, 1 f
Mi1=NqV5— + (N gV, Vy, —T1v )V
) 11 17;4\/5\/7] 4\/5\/77 15V xVo, 1Vp/Vy
0 —(v,+R3+il9), &)
X \/E( xTR3 3 N t_rz
2v,’
and
1 1 m22:)\2V2_—(2f1V +f2V )V +t—p
0 0.:10 0 0.:10 ’ 8\2v K 727X 2y
o1— —=(v, +Ry+ily), 03— —=(v, +Rect+ilg), p P
1 \/E( 1 4 4) 2 \/E( 2 5 5)
(4) 2 tX
m33=)\3vx—T(Zflv,ﬁrfzvol)vp—k v
where v, (with a=#,p,x,01,0,) are considered real pa- Vix X
rameters for the sake of simplicity. Tifenumber attribution ¢
is the following: v
g m44:()\10+7\11)V(271"‘2\/l ,
AU )=FAV)=~FI)=FIa=Fp )=Fx ) '
TV T = TRV = A H- )= T(H =~ A
SR SRS AN) S AH AR D s e S22 -, g (T,
4[ 8v,
=2, (5) "z :
t,
where J; (J,3) are exotic quarks of charge 5/8-4/3) +\/—)\15v Wyt 5 2
present in the model and we have included them by comple- 2v 02
tion. For leptons and the known quarkscoincides with the
total lepton and baryon numbers, respectively. All the other 1
fields haveF=0. As we said before, all terms in EQR) m12—2 AV, + —= \/— \/— Vi,
conserve theF quantum number. However, if we assume
that (o)) #0 we have the spontaneous breakdowrFadnd 1 N
the corresponding pseudoscalar, the Majoxbh as we will mlsz_( A5V SAE N ,
show below{11]. 2 \/— \/_ P
In a model with several complex scalar fields, as is the
case of the 3-3-1 modé¢9], if the lepton number is sponta- v,yv -
neously broken one of the neutral scalars is a Goldstone bo- Mys= (X 15+ X19) )
son associated with the global symmetry breaking. With re-
spect to the SU(2)®U(1)y gauge symmetry, this model has N N
naturally three doubletso(*,p%) 7, (7%, 77)7, and h*,09)T, Mie= = (A 1o 2N1 )V V 15 2, M6 2
one triplet 1z ST ey \/5 X 4\/5 ’
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Y fq fy Mo 5 > Vo 2
m23—7VpVX+ mV”‘FgVUZ, 55—E(K15VX_ )\levp)v_oz + )\17V7’
Nig _ f_2 VoV + b,
m24:7vpv”1, 8 Vo, ZVUZ’
VoVo, Nis fa M =—f—1v M =—Lv M,=0
m25:(2)\14+)\20)T+ﬁV7]VP+ gVX, 12 4\/5 X1 13 4\/5 p? 14 ’
\ f
)\13 :_15 — _2
M34=—2"V Vo, Mis 4\/5\’77 g Vo
A 1 f M 1(@‘ +1,v,), My=0
_"M13 _ _ o2 23T 5 1V 2V, ) 24= U,
M35= 5 VoV, 4\/5()\15\/’7 )\18V02)VX+ 8 Vo, 8 K 2
f, fy
Mgs=N1V 5,V - (7) M25:§VX1 M34=0, M35:§Vp!
The tadpole equationts, wherea= 7,p,x,0,05, are given M 45=0. (8)
in the Appendix. The conditions for an extreme of the poten-
tial aret,=0. Assuming that the matrimy; above is diago- In Egs.(7) and(8) when allv,#0,a=7,p,x,01,0, then

nalized by an orthogonal matri®, the relation among sym- we can use,=0. In Egs.(8) there are three Goldstone bo-
metry (R?) and mass Ki) eigenstates iRP=0;;H}; i,j  son. Notice, however, that sindé, =0, the component?
=12,3,4,5. The masses,; can vary, depending on a fine has a zero mass, i.e., it is an extra Goldstone boson which
tuning of the parameters, from a few GeV’s up to 2 or 3 Tevdecouples in the sense that it does not mix with the other
[typical values of the energy scale at which the break dowrC P-odd scalars. Henceﬂ is the Majoron field. Hereafter, it

of the SU(3) symmetry does occlirAlso the arbitrary or-  will be denotedM®. The submatrix & 4 has still two other
thogonal matrix? is not necessarily almost diagonal. Denot- Goldstone bosons which are related to the mass& ahd

ing the lightest Higgs boson &s? two extreme possibilities 7' Hence, although the Majoron in the present model is a
are compatible with the LEP dat&®,=(O ~1),Ho+ - -, triplet under the subgroup W), it does not mix with the
with (O~ y<1, if my <Mgz; or Ry~Hj+---, that is  other imaginary fields.

(O Y y~1, if My, >M . Intermediate values for the mass Hence, as in the singlet Majoron model ours has no cou-

my. and the mixing angles have been ruled out by the LEFpllngs with fermmns(charged leptons and quayksvore- .
1 over, as we said before, the real component can be heavier
data(see below.

. . . . . than theZz®. It is easy to understand this. if,0=0, the
The symmetric mass matrix of the imaginary part in the 1

basis qg,|°,|°,|°,|g)T reads tadpple equation in EqA4) mgst be repl%cgd in the mass
matrices in Eqs(7) and(8). In this case the; fields consists
) of two mass-degenerate fiel& andl$ with mass
N VoVo, 2 !
Mp=—-—= AV
42 v 72 1 N3 N1g
K mé4=m|24=)\10V(2’2+§()\12+ )\19)V31+ TV)2(+ 7\/’%
1 \% t 9
+_()\15VXV7]_f1Vp)_X+—77, ( )
4\2 vy 2, . .
The mass in Eq(9) can be large because it dependsvtin
1 v t Whenv, #0 is used, the degeneration in mas$RGfand|
Moo= — 3 \/Eflv,,Jrfzv(,z—X + 2—”, is broken, the imaginary part becomes the Majoron and the
Vo Vo real part has a mixing with the other real neutral components,
which include several fields transforming under SU(2)
1 v, t ®@U(1)y as doublets £°,p° ¢9), and one singlety®). Thi
- - gy x v P75 072), gletx"). This
M 3= 8(\/§f1v,,+f2v02) v, + 2v,’ also happens in the one-singlet—one-doublet—one-triplet
model when the triplet does not gain a VEY2]. Notice that
t unlike v, , if v, =0 the condition in Eq(A5) forcesf,
M g4= 5 = =0. All the other VEV's have to be nonzero in order to have
Vo, a consistent breaking of the SU(3) symmetry.
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IIl. PHENOMENOLOGICAL CONSEQUENCES (2 MO
AND CONCLUSIONS X -

In the present model the interaction of the Majoron with
the Z° (which is of the formz°M°H?), is given by

(\/EG )1/2 FEams _
o Mu(Pyo— Py, (10 ok

FIG. 1. One-loop contribution to the proces,saj,ﬁ MO,

wherepyo andp; are the momenta of the Majoron and the

2 2
physical real scalarsi®, respectively. We see that if it is r—s—yab®+(r—s)
allowed, the contribution of the decay mod@@—HIM?®, 1 2b 1 -s b
whereH‘{_is the I.ightes_tHiggs scalar, i3@41[2times that of M‘N F—s+ JAb2+ (1 —s)? ”W b s/’
the neutrino antineutrino. Hence, as we said before, the value b 1
of the mixing matrix element,; is constrained appropri- (12)

ately: 20§j~10*4, to make the model consistent with the
LEP data, i.e., now’;—HIMP (whereH? is assumed the wherer=v%2, s=v2/2 andb=+2v, v,
lightest scalarcould be reduced to an acceptable level. More g ’ X .
interesting, however, is the fact that in this model #f
HHEMO might be kinematically forbidden sindé; can be

mixing may have interesting cosmological
consequences since there are interactions like

2 T o, C — - .
heavier than tha® as was discussed above. k(92I\2) Iy v W, . Notice that its strength depends on the

2 ) .
It is well known that if neutrinos are massive particles theSmaII parametekocv,,lv,,zlvx and it can be neglec?ted in the
thermal history of the universe strongly constrains the masySual processes. In fact, the model has three different mass
of the stable neutrinos, i.em,<100 eV for light neutrinos ~ Scales since,, <vi<v, withvi=v,,v,,v,, [15]. It means
or a few GeV for heavy ong4 3]. One of the ways in which that Wy ~W", W; ~V* with M3/M2c,, compatible with
the cosmological constraints on neutrino masses can be ahke experimental data ifgls3.89 GeV/[15]. However, the

tered is when the lepton number is broken globally, givingmixing betweenw* and V* is interesting once there are
rise to the Majoron field: heavy neutrinos can decay rapidlynew contributions to the Majoron emission. In fact, because
by Majoron emission, thereby giving negligible contributions of the W*w~MO? vertex we have the neutrino transitions
to the mass density of the univer§@4]. Let us denote (v)L— (1) M?; because of the vertex*V~M° we have

. . ’ 0 ! —_— _—
v (1) heavy (light) neutrinos and look forv—v'+M antineutrino transitiong v,)g— (). Both contributions

decays in the present model. Those decays, as in the tripl% Id be nedligible since thev are proportiona More
Majoron model, are completely forbidden at the tree level ) guoile sl y proport Mpl

too (there is neither— »' +y nor v—3»' decays at the interesting is that possible to have neutrino—anti-neutrino
lowest orde. transitions like the decayf,), — (v)gM° mediated by the
. . . + + . . . .

Here we will denote, as usudl™* the vector boson which Mixing betweenW™ and V™ as shown in Fig. 1. This dia-
coincides with the respective boson of the standard modeflram is ultraviolet finite in the Feynman gauge and depends
i.e., it couples to the usual charged current in the lepton angu@dratically on a low-energy scale that we have chosen,
the quark sectors and also satisfdg,/M2=c2,; and V* conservatively, as being the, mass. The latter process im-
denotes the vector boson which couples charged leptons wilf]/€S @ neutrino width which is, in a suitable approximation,

antineutrinos or the known quarks with the exotic ones. If thefominated by ther lepton contribution and is given by
lepton number is not spontaneously brok&ti andV* do

4
not couple to one another. However, a mixing between both = 1 G|K 4|2/ 42m mBy 2 (M_W) (13)
W* andV™" arises when the lepton number is spontaneously 8n® 3 T el My )
broken. Let us consider this more in detail. In the basis
(W' VT the mass square matrix is given by where we have neglected a logarithmic dependence on
m, (vn can bev, or v, with v;=v, ,ve in the first case and
2| A+v22 2V, v, V= Ve in_ the second c_)r)e With reasonable values for the
g v, V2 1Yo (17) ~ Massesin Eq13), thatism, ~1 MeV for the case of the
4 \/Ev(rlva'z A+V,2(/2 neutrino,v, ~100 GeV, andV,~400 GeV, we can get a

width of the order of 102! MeV (up to the suppression of
whereA=(vf7+vf, +2v2)/2. We see from Eq(11) that if the mixing r_natrixIC). g:ghe age of the universe has a corre-
L2 1 4 + spondent width of 10°° MeV, thus it means that the decay
Vo, =0 there is no mixing betweeW" andV™. The mass .,y haye a lifetime less than the age of the universe and
eigenstates are given BY;"=1/;;B;", wherei,j=1,2 and  could be of cosmological interest. From the cosmological
B, =W*, B, =V*, and the orthogonal matrix is given by point of view there are also the processest v;,—M?°
(N is a normalization factor —uy+v and v+ 1—M%+MP? which occur at the tree
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level approximation. The cosmological effect of these pro-case, we have a mixing among all the scalars fields and also
cesses are the same as in Réf. the majoron mixes with all the oth&® P-even andCP-odd

If the parameters in this model are such that the Majororscalars.
is irrelevant from the cosmological point of view, there is
still the possibility that the Majoron may be detected by its
influence in neutrinoless doubf@decay with Majoron emis-
sion nn—e~ e M° [denoted by BB)o.m]. However, it This work was supported by Fundacde Amparo &es-
needs the Majoron-neutrino couplings in the ramgﬂv(, quisa do Estado de 8#&aulo(FAPESP, Conselho Nacional
~10"%-10"2 in order to have the Majoron emission experi- de Ciencia e TecnologidCNPq and by Programa de Apoio
mentally observabl§16]. Notice that in the present model @ Nicleos de Excelecia (PRONEX. C.P. would like to
the accompanying 0 scalar, which is by definition the light- thank Coordenadoria de Aperfeamento de Pessoal de Ni
est scalaH?, may not be emitted ingB),,u if it is a heavy Vel Superiof(CAPES for financial support.
scalar or it is very suppressed by the mixing factor.

In our model both the usual neutrinoles8f),, decay APPENDIX: CONSTRAINT EQUATIONS
and also the decayB({B),,m have new contributions. IfF is
conserved in the scalar potential er, =0 the mixing

: o1 ~ 2 s, M oo A, 12 2 | 2

among singly charged scalars occurs with and p~ and t,=pniv,+ v+ 7VPV7,+7VXV7,+ 7(V01+V02)V7i
betweenrn, andy ™. However, if we allowF-breaking terms

ACKNOWLEDGMENTS

in the scalar potential ovalqﬁo there is a general mixing Mo 2 )\15 Y

among the scalar fields of the same charge. For instance, the )‘17" Vot o \/— Vo, T 2\/— p o2
trilinear termf,x"S'p in the potential in Eq(2) implies the

trilinear interactionf,h, h, x**, and since there is a general f,

mixing among all scalars of the same charge it means that +—\/§VPVX, (A1)

there are processes where the vector bosons are substituted
by scalars since the vertéw e~ v does exist andh; mixes

with all the other singly charged scalars. There are also tri-
linear contributions that arise because of the vertices “r
W™V H; " andh, h2 H, " as in Refs.[17,18. There is

A A A
-2 3, 242 26,2 242 2
= oV, AoV, + 5 VoVt 5 ViV, T 5 (vgl+v02)vp

also the vertexh, h; M? contributing to the BB8)g,m . It N6 A2o 2, fa
seems that the analysis of botBf),, and (38)o,m decays + Evozv Mot g Ve \/—VWVX+ VoV
is more complicated than those considered in RéfS,19.
There are also phenomenological constraints on Majoron (A2)

models coming from a search in the laboratory of flavor
changing currents likeu—e+M?° [20] or in astrophysics N5 6 N3

i 0 whi i t,=u5v,FAavi+ V2V, + VoV, + — (V2 42 Wy
through processes likg+e—e+M" which contributes to x T MV T AT S VapVx T ViV ™ 7 Wo TV,
the energy-loss mechanism of stddg. However, in the

present model the Majoron couples only to neutrinos, for Nis Mg vy f,
guarks and electrons the couplings arise only at the one-loop \/EVUZV 7V x + Vo,V \/—V an+ Vo,V
level. Hence, all these processes do not constrain the Ma-
joron couplings at al(at the lowest order The interaction of (A3)
the Majoron with neutrinos is diagonal in flavor. The cou-
pling between the Majoron and the real scalar f|b||?j of , , , . A2,
Opp 0 O is — =
the formM*M H trrl /J’4V0'l+)\10(v(rl+v(rz)v(rl+)\llv<r1+ 2 anrrl
\Y N13 A A

. oy 2132, 4014 19 2

'O4j()\10+>\11)7, (14 T VIV T VoV T VY. (A4)
which is a small coupling. Note that since the Majoron de- TIPS ST,

couples from the other imaginary parts of the neutral scalar;*xrfluivazﬂL )\lO(V(ZrZ+V(2rl)V(rZ+ > Vo, T 5 ViVe
there are no trilinear couplings liked °A°H? , whereA° de-

notes a massive pseudoscalar, hence the model does not have N3 ey N, Nig ,
the phenomenological consequences in accelerator physics +7 XV +7V Vo, "MV} Noy g ViVe
as the seesaw Majoron model dg&g].
Finally, we remark that here we have assumed that there )\20 2 RSt ey Ny 16 f,
is no spontaneouS P violation. Hence, all vacuum expecta- T \/— Wat \/— V Ly 4 VoVx:
tion values are real. If we allow complex VEV it has been
shown thatCP is violated spontaneous[21]. If this is the (A5)
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