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331 models 
SU(3)C × SU(2)L × U(1)Y → SU(3)C × SU(3)L × U(1)X

SM gauge group 331 gauge group 

Electric charge operator

β = 1/ 3, 3

❖ dark matter,
❖ neutrino mass generation and mixing, 
❖ the strong CP problem, and
❖  the number of the fermion families.

Interesting features of the 331 models:



Some difficulties in the 331 models

These models:

❖ Don’t solve the mass hierarchy problem in the SM.
❖ Have a scalar sector with a much larger number of scalar fields. At least more 

SU(3) triplets are necessary in the simplest versions.
❖ Have more arbitrary parameters in the model. This provides less 

predictability. 
❖ Have more arbitrary energy scale. 



A scale-invariant 331 model: matter content

Charged leptons

Quarks

Scalar triplets

Matter content shared with other 331 models



A scale-invariant 331 model: additional matter

New charged leptons

New matter content

New quarks
Scalar singlet

Gauge symmetry breaking pattern 



A scale-invariant 331 model: gauge sector 
Gauge bosons

Neutral gauge bosons
Non-hermitian gauge bosons

Masses

Some predictions

With

Masses



A scale-invariant 331 model: extra symmetries 
Extra symmetries:
❖ Scale invariance and, 

This discrete symmetry allows that  fermion mass matrices have a see-saw texture



Why are the extra fermions necessary?
Without them we have that:

Charged lepton mass matrix.

Up-quark mass matrix.

Down-quark mass matrix.

These fermions are massless at all order of the perturbation theory because their masses are 
protected by accidental symmetries.

The introduction of the extra fermion fields break these symmetries because of the operators such as



Scalar sector
With the scalar Tree-level scalar potential

Applying the copositivity criterium, the positivity of the hermitian matrix and the scalar masses we have 



Flat direction 
Following the Gildener-Weinberg method, we find, first, the flat direction 

Flat directions 

Where

Condition for the flat direction 



Scalar sector
Charged scalar

CP -even scalars

CP-odd

Scalon: NG boson of the scale-invariance symmetry

One-loop mass



One-loop effective potential



One-loop effective potential
Using

Working in the approximation



Fermion spectrum: neutrinos
Yukawa Lagrangian of the leptons

Basis

Type-I See-saw texture 

With



Fermion spectrum: charged leptons
Basis

Type-I See-saw texture 

Masses

All of the fermion mass matrices have the same type-I see-saw texture



RESIDUAL SYMMETRY AND PHENOMENOLOGICAL IMPLICATIONS

U(1) generator 



RESIDUAL SYMMETRY AND PHENOMENOLOGICAL IMPLICATIONS

Generators



RESIDUAL SYMMETRY AND PHENOMENOLOGICAL IMPLICATIONS

Dark matter candidates

So,  is the lightest -odd particle. V0 𝒫

But, 



RESIDUAL SYMMETRY AND PHENOMENOLOGICAL IMPLICATIONS

Some signal in colliders



RESIDUAL SYMMETRY AND PHENOMENOLOGICAL IMPLICATIONS



Conclusions
❖ We have proposed the minimal scale invariant 3-3-1 model , based on the 

      symmetry and scale invariance with the simplest scalar potential for 
this type of models.

❖ Together with the gauge and scale symmetries, the  symmetry makes evident the seesaw 
texture in most of the fermion mass matrices provided that  This point is useful 
to mitigate possible phenomenological issues associated with flavor changing neutral currents 
because, in this case, the suppressed mixing between light and heavy fermions are proportional 
to .

❖ Interestingly, once the seesaw mechanism takes place, the heavy masses of the extra fermions, 
proportional to , suppress the masses of some of the standard ones providing thus an 
explanation for the mass hierarchy between the third and first two families.
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