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Abstract 

We consider a gauge model based on a 8V(3) ® Vel) symmetry 

with an extended Higgs sector which allows neutrinoless double beta 

decay even with massless neutrinos. The lepton number is violated 

explicitly by charged ga.uge and scalar bosons, including the vector 

field with double electric charge. 

It is very well known that the observation of neutrinoless double beta de­

cay, ({3{3)Oll' will imply a new physics beyond the standard model. Usually, 

two kinds of mechanisms for this decay were assumed to be independent: 

massive Majorana neutrinos and right-handed currents [1]. 

In the latter case, neutrino mass is not required but, if the right-handed 

currents are part of a gauge theory, it has been argued that at least some 

neutrinos must have non-zero mass. If this is the case, the observation 

of ({3{3)OIl would imply the existence of massive neutrinos, whether or not 

right-handed currents exist [2]. 

Recently we have considered a SU(3) ®U(I) model for the electroweak 

interactions [3] and in Ref. [4J it was claimed that ({3{3)OIl occurs in this 

model even for massless neutrinos. Notwithstanding, this is not true at 

least in the minimal version of the model. This paper substitute Ref. [4] as 

it will be clear below. 

The representation content of the minimal SU(3) ® U(I) model is: 

triplets, ,p,L = (VI, I, IC)!, (a, 0) with l=e,fJ, T and QIL =(u, d, Jdr,(a, +~) 

for the left-handed fields, and singlets 'UR,(l, +~); dR, (l,-Di JIR, (l,+~), 

for the respective right-handed fields, and we have not introduced right­

handed neutrinos. The second entries in the parentheses are the U(I)N 

charges. The electric charge operator has been defined as 2eQ=,\:rV'3,\st2N, 

where '\3 and'\8 are the usual Gell-Mann matrices; N is proportional to the 

unit matrix. Then, the exotic quark has electric charge +~.  The charge 

conjugated field, ,pc, which appears in the leptonic triplets is defined as 

t/lc = "'(5C;jJT. 

The model is anomaly free if we have equal number of triplets and 

antitriplets, counting the color of SU(3)c, and furthermore requiring the 

sum of all fermion charges to vanish. As in the model of Ref. [5], the 

anomaly cancellation occurs for the three generations together and not 

generation by generation. 

2 



~.  

Then, we must introduce the antitriplets: Q2L=(J2, c, s)1 ,(a'", -1) and 

Q3L = (J3,t, b)T L ,(a'", -~) also with the respective right-handed fields in 

singlets. The quarks J2 and J3 have both charge -~.  

In order to generate fermion masses, we introduce the following Higgs 

scalars, 11=(11°,111' 11t)T, p=(p+,po,p++)T, and X=(X-,X--,XO)T, trans­

forming as (3.,0), (3.,1) and (3., -1), respectively, under SU(3)® U(l). They 

produce the following hierarchical symmetry breaking: 

SUL(3) 0 UN(I) ~  SUL(2) ® Uy(l) ~  Ue.m(I). (1) 

The Yukawa interactions, for leptons and the first generation of quarks, are 

ijk- £y = ~  E G/E {Jfi'IPlj'7k +QIL(G..UR11 +GddRP+ GJ1J1RX) +h.c., (2) 
/ 

Explicitly, we have for the leptons, 

2£/y = EG, [(l~lL-1Rh)11° - (ii,R1'L-1Rv,L)fll + (vIR1L-IRV/L)11t) + h.c., 
I 

(3) 

and using the definition of ,pc given above, we can write Eq. (3) as 

£/Y = E G,(-IR1L11° +lRvLf/l +vR1L11t +h.c.). (4) 
I 

From Eq. (2) we have that the quark Yukawa Lagrangian is 

- £Ql Y = G..(ULUR11° +c1LuR'71 + J1LUR11t +h.c.). (5) 

n the other hand, the charged-current-lepton interactions are: 

£fC = - ~ E (iiIL,P1LW: + lL,pv,Lv,t + lL,P1LU;+ + h.c.) , (6)
y2 I 

and as we have not assigned a lepton number to the scalar and gauge 

hosons, we have explicit breakdown of this quantum number induced by 

the scalar 11; in Eq. (4) and also by the heaviest gauge bosons, V+ and 

U++ in Eq. (6). 

For quarks we have the charged-current interactions, 

£8~  = - ~ (uL,PdLW; + JIL,PULVp+ + dL,"J1LU-- + h.c.). (7) 

The neutral currents are consistent with low energy phenomenology. There 

are flavor changing neutral currents coupled to the heavy neutral boson 

ZIO, but the currents coupled to the lightest ZO, which is identified with the 

neutral boson of the standard model, are diagonal in the flavor space [3]. 

The charged currents in Eqs. (6) and (7) do not produce (PP)OIl' In order 

to analyse the violation of the lepton number in Eq. (4) it is necessary to 

determine the physical scalar degrees of freedom. Let us consider the most 

general Higgs potential involving the three triplets fI, p and X 

V(11,P,X) =� J.l~11t'1  + J.l~ptp  + J.lhtX + Al(flt11? + A2(ptp)2 + A3(XtX? 

+ ('1 t'1)[A4ptp +Asxtxl + A6(ptp)(XtX) 

+ LEijl;(f11iPjXk + h.c.).� (8) 
ijk 

The potential above has been analysed and we have found that after the 

spontaneous symmetry breaking there are, as expected, three charged Gold­

stone hosons, one of them with double charge, and three massive charged 

scalars: a linear combination of 111 and X- , the other one a combination of 

fl2 and P-, and a doubly charged scalar. Then, the interaction we have so 

far are not enough to produce (PP)OIl because there is not mixing neither 

4 3 



i " 

between 7]1 and 7]2 in the scalar sector nor between the vectors V- and 

W- and the diagrams in Ref. [4] vanish. 

But, if we introduce two new 5U(3) triplets, 0' and w, with the same 

quantum numbers of 7], (a, 0), the potential will have terms like those ap­

pearing in Eq. (8), with 7] -+ O',w and also interactions among the three 

(3,0) triplets: 

V(7],O',w) = O:~7]t7] + o:~O'tO'  +o:~wtw +61(7]t7]? +b2(O'tO')2 

+ b3(Wtw)2 + (7]t7])2[64(O'tO') +br;(wtw)] 

+ b6(O'tO')(WtW) + f1(7] tO')(O't7]) + f2(7]tW)(Wt7]) 

+ h(O'tw)(wtO') + [91(7]10')2 + h.c.] + [g2(7]tW)2 +h.c.] 

+ [g3( O'tw? +h.c.] +~ €ijkU'7]iO'jWk + h.c), (9) 
ijk 

in particular the trilinear term in Eq. (9) allows the mixing between 

7]1, 0'1 ,wi" and 7]2 '0'2,W2' 

For example, considering for simplicity only Eq (9), and with fi = 9i = 0 

for all i = 1,2,3, it is possible to show that the mixing between lepton­

number-conserving and lepton-number-violating scalars occurs. We also 

assume, for the sake of simplicity, that from the three triplets (3,0), only 

7]0 obtain a nonzero expectation value, v. Defining 7]0 = v+HI +ih l , and 

17°=H2+ih2, wO=H3+iha and requiring that the shifted potential has no 

linear terms in any of the Hi and hi fields, i = 1,2,3, we obtain in the tree 

2approximation the constraint o:~  +2b1 v = 0, 1mI' = O. In this limit, 7]~2  

are Goldstone hosons. There are four massive scalars: ~i"  = alO'i" + a2w2 

and <Pi" = a10'2 -a2W1 both with the same mass 2m~  =a+b+[(a-b)2+4c2]!; 
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~2  = b10'i" + b2W2, and <pi = b10'i - b2wi" with mass 2m2 = a + b - [(a ­

b)2 + 4c2]1. We have used the notation a1 = c/y(l;,a2 = (m~ - a)/.;J;, 

b1 = c/..;;I;, ~ = (m~ - a)/..;;I;, with a = o:~  + 64V~, b = o:~ +bsv?, c = fv 

and di = (ml- a)2 +c2 , i = 1,2. If we consider the general potential with 

the five triplets 7], O',w, p and x, it will only produce mixing among all the 

singly charged scalars. 

Then, the Yukawa interactions with the scalars 7]~2'  0'1.2 and w~2'  will 

produce ({3{3)01l since they are linear combinations of the physical scalars, 

for example, ~i"  in Fig. 1. We can estimate a lower bound on the mass of 

~l'  by assuming that its contribution to (1313)011 is less than the amplitude 

due to massive Majorana neutrin~  and vector hosons W- exchange. The 

latter amplitude is characterized by a strength which is proportional to 

g4 < mil > 
(10)mtv < p2 > 

where < mil >= IEi U/~mjl is the "effective neutrino mass". The experi­

mental limit on ({3{3)01l decay rate imply that <mil> < <M&,>= 1-2 eV [2]; 

<p2> is an average square 4-momentum carried by the virtual neutrino, 

its value is usually (1OMeV)2 [6]. On the other hand, the amplitude of the 

process in Fig. 1 is proportional to 

a~a2G~G~ 

(11)
m~<p2>!' 

Then, assuming that Eq. (11) is less than Eq. (11) when <mll>=<MII> we 

have, 

4 a~a2G;G~J2 < p2 >~ 

1 

:::::: (6, 9TeV)4a~a2G~G~, (12)
mlflj > 32G} < Mil > 
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Then, using in Eq. (12) al,2 :::::: 1, Gu=mu/v < V2mu /vsM = 2 x 10-2
, Ge= 

me/v < V2me/VSM = 2 x 10-6 with mu, me the u-quark and electron mass 

respectively and v~M/2  = V2/GF, we obtain that m.; > 3GeV. 

We can see that (f3I3)ov proceeds in this model only as a Higgs bosons 

effect, with massless neutrinos at tree level. There are not contributions to 

(f3f3)ov from trilinear Higgs interactions because the charged leptons couple 

only to the '1-like triplets, and those triplets do not contain doubly charged 

scalars. In models in which these contributions exist, they are negligible [6] 

unless a neighboring mass scale ("'" 1Q4GeV) exist [7]. 

Vertices like the following, appear in the scalar-vector sector: 

0~ [w: ('11 [Y''1° - iY''11 '70) +V~- ('7t [Y''7 - a~T1t  '7°)1' (13) 

and also for the scalars (f and w. Then, because of the mixing between 

1Jl,(fl,W1 and 1J2,(f2,W2 the loop diagrams contributing to (1313)0., in 

Ref. [4] are no longer vanish but they are not the main contributions to 

the decay. 

Finally, we would like to comment the following: (a) If we admit lep­

ton lllunber violation, SU(3) could be a good symmetry at high energies, 

at least for the lightest leptons (lI,e-,e+). Assuming that this is a lo­

cal gauge symmetry, the rest of the model follows naturally, including the 

exotic quarks, J's. To the best of our knowledge, there is not labora­

tory or cosmological/astrophysical constraints to the masses of the exotic 

quarks- J 1 and J2,3 with charge +~  and - ~ respectively but, they must 

be too massive to be detected by present accelerators. (b) The vacuum 

expectation value v" is, in principle, arbitrary but phenomenological con­
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straints imply that v" > 8TeV. With this value we have mz, > 40TeV 

and mv,u > 4TeV [3]. (c) It has been usually considered that whatever 

mechanism generates the neutrinoless double beta decay, it also generates 

a finite Majorana mass [6,8]. However, an important point is to find what 

mechanism triggers (1313)0", The mass induced by it could be quite small to 

be detected. (d) The Higgs sector is rich enough to produced CP violation. 

Here, we have assumed there are not any non-trivial phases in the vacuum 

expectation values of the Higgs fields. 
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