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Generating neutrino mass in the 3-3-1 model
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A mechanism for generating small tree-level Majorana mass for neutrinos is implemented in the 3-3-1
model. No additional fermions or scalars need to be added, and no mass scale greater than a few TeV is
invoked.
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[. INTRODUCTION terized in part by the choice of the paramefewhich de-
scribes the embedding of the electric charge, according to
The recent atmospheric neutrino results from Super Ka-
miokande[1] have provided the long-awaited first direct evi- Q= E+§E+X (1)
dence for physics beyond the standard model. The conven- 2 2 '
tional interpretation of the results as due to neutrino
oscillation requires neutrinos to have a very small, but nonHere, we takeé= — \/§ The leptons of each family then

zero mass of around 0.1 eV. transform in a triplet withX=0: namely,
It is a challenge for theories to be able to explain why the

neutrino mass should be so much smaller than that of all the Ve v, v,

other fermions, and a number of general mechanisms have i ~ _

been proposefL]. fipa=|€ | ,|® | |7 | ~(130. @
However, these methods generally require eitheratie e/ \wp") \N7TT)

hoc introduction of additional scalars, as in the Zee model
[3] or other radiative mechanisms, or the presence of a veryhe first two families of quarks transform &U(3), anti-
large mass scale, as in the seesaw mechafnor the  (ipjets and the third as a triplet:
heavy Higgs triplet mod€l5]. While the latter two solutions
are undoubtedly simple and very elegant, both require a new d s
mass scale of some ¥0GeV—the mass of the right-handed _ 1
neutrino in the seesaw model or the mass of the heavy Higgs Qia= | C ”(3,3, - —) ()]
boson in the triplet model. Apart from the fact that such a D S
mass scale, being so widely separated from the electroweak
breaking scale, introduces possible hierarchy problems, it is
also displeasing in that it is hard to envisage how physics at
such a high energy scale may be tested in the forseeable Qi =| b| ~
future [6].

Here we show that a method related to that of the Higgs L
triplet can be implemented with a minimum of contrivance . .
within the popular 3-3-1 modéF—14]. No heavy mass scale All right-handed quarks transform as singlets. Note ha$,

i i 4 _ 4 5 re-
needs to be introduced, and in fact it is a feature of thi@nd T aré exotic quarks, with chargess, —3, and3 re
model that in its minimal variant the symmetry breaking spectively. The above fermion representations are anomaly-

scale is actually constrained to be no more than a few Te\i'€€ once all three generations are included.
The smallness of the neutrino mass is due to the small size of
lepton-number violating terms in the scalar potential. We B. Scalar content

emphasize that no additional scalars or fermions need to be The minimal scalar content required to break symmetry

c

4

introduced. and give all fermions a realistic mass consists of three triplets
and one sextet:
Il. THE 3-3-1 MODEL
7° "
A. Fermions p
= . ~ = O ~
The 3-3-1 model is so-named because the standard model 7=\ N (3.0, »p P (3.9,
gauge group is extended 8U(3).X SU(3), X U(1)y. The 7y ptt
various versions which have been proposed can be charac-
-
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gl s, s/ 1
C - o Blupo ) =B(di20) = 3 (14
S=(s;, S oz | ~(6,0). (6)
s o) st .
These scalars have Yukawa couplings to the quarks as fol- B(D1z) =B(Tr) = 3 (15
lows:
ik~ * 1 ik * L hiiA * B(n)=B(p)=B(x)=B(S)=0 16
L g oniee= Qi Urp ™ + My Qi dirr* + b Qi Dirx (m)=B(p) =500 =B(S) (19
+h3Qa drp + h¥ Qs Ukrn +h1Qa Try and
@ )
with i,j=1,2 andk,| =1,2,3, while the Yukawa couplings of L(f1pa)="+3 (17)
the leptons are given by
* 2
L joaa nfy, fian* + e St ® LQia)=+3 (18)
Written W@ explicitSU(3_) indices, these terms are of the
form e,p,f*f%7*7 and f*S,4f°. The scalar multiplets
gain vacuum expectation valué¢EVs) as follows: L(Qa)=—3 (19
U1 0 0
L(u =/L(d =0 20
=\ 0|, w=|vz|. = 0] © (2w =2 20
0 0
vs L(Dy )= +2 (21)
and
L(Tr)=—-2 22
0, 0 0 (Tr) (22)
(S5=| 0 0 wv4]. (10) 2
0 v, O ﬁ(ﬂ):E(P)=—§ (23
The symmetry breaking scheme can be represented as 4
6% (10,9 LO=+3 (24)
SU3) L XU(1)x—SU(2).XU(1)y — U(1)g.
(13)
2
That is, the triplety is responsible for breakin®U(3). [,(S)=+§. (25

X U(1)x symmetry, and therefore would receive a VEV of

greater value thap, » andS, whose VEVs would be around o

the electroweak breaking scale. The exotic quarks and gaugd'e lepton and baryon number of the individual components
bosons gain mass froms, and the standard model quarks Of €ach multiplet will then be given by

gain mass fromv, andv,, while the charged leptons gain

mass fromv,; andv,. In the case of,#0, neutrinos de- 4 \g

velop a tree-level majorana mass. L= B2 + LI (26)

Ill. GLOBAL SYMMETRIES
B=1l. (27
The Yukawa couplings written above possess three inde-
pendent global symmetries which are not broken by the
VEVs vy, vy, v3 andv,. As well as theX charge already IV. THE SCALAR POTENTIAL
given we can assign conserved chargfeand L to the fer-

. . The full -invariant I tential was first given in
mion and scalar mutiplets as follows: © Ul gauge-invariant scale potential was 1irst give

Ref.[12], and may be written as

B(f1,3)=0 (12
V=VinctViny (29)

1
B(Q1a)=B(Qs)=73 w
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Vine=uin"n+uip o+ udx X+ N1(n"m)*+N\2(p"p)?
+Xa(xX )2 Na( 7 ) (pTp) + Ns(n ) (x )
+Ne(p"P) (X X) +N7(p ) (' p) + Ng(X 7)) (7" x)
+holp X)) (XTp) + f1(mpx+H.C)+ uiTr(STS)
+Nd TH(STS) PP+ AT (STS)?]+ [Ny 7' )
+X1a(p'p) + N1 X W ITH(S'S) + Fo(pxST+H.c)
+)\157]TS§7;+ A16pTS§p+k17XTS§X

+N190TSp 7+ Noox 'Sx 7+ A2 pSSHH.C. (29

and

Vinv=Tf37S 7+ 1,SSS Noox T np T n+ N o3mSxp

+ NoaxpSSHH.C. (30)

The coefficients;, f,, f5, andf, have dimensions of mass,

and overbars have been used to denote terms which do n

conserve the lepton numbet, as defined above.
In previous studie$10,15|, the lepton number violating

terms have often been excluded, commonly by the adoptio
of an appropriate discrete symmetry. While there is no rea
son within the 3-3-1 model why such terms should not b
present, experimental limits on processes which do not co

ﬁs_trength of the respective Yukawa couplings.
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C=(Nis+2\ 2—3)\ 24N — N2
(N5 2V 2( 16V 2 1703) 11V4

1 Ul( 2 UoU3 2)
TR DI et Y 35
\/504 V2 12 1 20V 3 (39

D=f3vi—3fwi— N 10203~ V2N 50304;
(36)
that is,
-D

37

U4:_—_
C+Buvj+Av,?

In other words, (¢9)=—D/C. From Eq. (8), m,_/m;
~v4lvs and assuminguv,~100 GeV, to obtain m,_

=0.1 eV requiredD/C=6x10 ° GeV. Note that this ratio

is consistent with other experimental constraints. Apart from
neutrinoless double beta decay mentioned eadigiis also
required to be small to maintain a value for theparameter
Syfficiently close to unity 19].

It is perhaps worth pointing out that, although this ratio
might seem large, ratios of large order already exist in the
3-3-1 model in the Yukawa sector. As another comparison,
In the standard model, the ratio of the top quark mass to the
electron mass of 3x10° is due entirely to the relative

serve total lepton numbers, such as neutrinoless double beta

decay[16], require them to be very small.

If the potential is restricted t&| yc, then two solutions
exist which minimize the potential and satisfy E¢8) and
(10) above, namely ,=0 or

A A
2)\1104,12: _(>\15+ 2)\21)U§+716U§+ 7170:234‘ )\110421

2 2
NgU105  Ayuivg  fi vous

— + :
7 v

7 s

(31)

2 va

The latter solution leads to the formation of majordsince
the lepton number is now being broken spontaneguesyl
may be excluded by the CER&" e~ collider LEP[17].

V. CONCLUSION

We have shown that a mechanism for generating very
small tree-level neutrino masses can easily be implemented
in the 3-3-1 model.

Lepton number violation occurs very naturally in these
models since the charged lepton of each family and its anti-
particle are placed in the same triplet, and with the one as-
sumption that lepton-number violating terms in the scalar
potential are sufficiently small, tree-level majorana neutrino
masses of order 0.1 eV are automatically induced without the
introduction of any additional fermions or scalar multiplets
to the model. We stress that no mass scale greater than a few
TeV needs to be made use of, and thus this model remains
testable at the next generation of colliders.

We also note briefly that, as an alternative, a similar

If the full potential is used, on the other hand, a VEV for mechanism can also be employed in a second variant of the

v, is automatically inducefl18] to satisfy the constraint

Av,3+Bv,2+Cu,+D=0 (32

where
A=2\, (33
B=6f,+ 2\ 2405—33 (34)

3-3-1 model, in which a heavy lepton is included in the lep-
ton triplet. The leptons of each family then transform as fol-
lows:

|-
v | ~(1,3,0),

+
Lo/

lr~(1,1-1), Li~(1,1+1)

(38)

wherel~ is the conventional charged lepton of each family
andL* represents an exotic heavy lepton, both of which now
obtain Dirac masses from the triplgisand x respectively.
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An interesting consequence of this version of the model isve do not find this method as attractive as the main one
that bileptons only couple standard to exotic leptons and thusutlined.
many processes which have been studied in order to place
lower limits on bilepton mass will not occur.

In this scenario, the sextet can be made very heavy with

only very small values fow, and v, induced. However, The authors would like to thank Dr. Robert Foot for help-
since a new mass scale,~ 102 GeV must be introduced, ful discussions.
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