
Leptons masses and the PMNS matrix in 
the minimal 3-3-1 model


Abstract: We show how the mixing PMNS matrix in the charged current in the lepton sector arises in the minimal 3-3-1 
model.  The  model  implies  necessarily  flavour  changing  neutral  currents  but  are  appropriately  suppressed  by  the 
parameters of the model.


The three lepton generations transform under the 3-3-1 symmetry as 
Ψa  = (νa la lc)T  ~∼  (1, 3, 0)  and  at  this  stage  we  do  not  introduce  
right-handed  neutrinos.   The  scalar  sector of  the  model  is  given  
by  η  =  (η0, η­−, η+)T    ~∼  (3, 0)  ρ  =  (ρ+, ρ0, ρ++)T ~∼  (3, 1),  χ  = (χ
­−, χ­−­−, χ0)T  ~∼  (3, ­−1) and a sextet: 

	
  	
  

The Yukawa interactions in the lepton sector are: 

	
  	
  
where  a, b  are  generations  indices,  i, j, k  are  SU (3)  indices,  

and Gη   is  an  antisymmetric matrix and GS  symmetric ones. η is the 

same triplet which couples to quarks and  S  is  the  sextet, and it  

does  not  couple  to  quarks. Under SU (2)L  ⊗  U (1)Y   the sextet 

transform as S  = 1 + 2 + 3, and we see that there  is  a  doublet  and  

a  non-Hermitian  triplet  which  gives  mass  to  charged  leptons  

and active left-handed neutrinos, respectively. 	
  
The mass matrices of the neutrinos and charge leptons, are: 

	
  	
  
Notice that the matrix GS  appears in both mass matrices and in fact 
we can write 

	
  	
  
Without	
  the	
  contribu-on	
  of	
  the	
  sextet	
  the	
  masses	
  of	
  charged	
  leptons	
  
is	
   (0,	
  m,	
   −m)	
   since	
  Gη	
   is an antisymmetric matrix.  Moreover since  
Mν  /vσ1    ~∼  O(1) we see that in order to have the correct  masses  
either vσ    »  vη   or  Gη   «  GS .  The  first case  is not interesting since  
vη	
  contribute	
  to	
  the	
  quark	
  masses	
  we	
  expect	
  the	
  opposite	
  situa-on	
  vη	
  	
  

»  vσ2 ;	
   and	
   the	
   second	
   case	
   implies	
   a	
   finetunnig.	
  Notice  however,  
that  if  the  interaction  with  η is  avoided  by  the  introduction  of  an  
appropriate  discrete  symmetry,  it  is  still  possible  to  give  the  
apropriate  mass to  (Majorna)  neutrinos  and  charged  leptons, but it  
does  not  give  the  PMNS. We	
  	
  will	
  	
  consider	
  	
  two	
  	
  cases:	
  	
  	
  i)  vσ2   ≈    
0	
   	
   and	
   	
   the	
   	
   sextet	
   	
   is	
   	
   heavy	
   and	
   	
   generate	
   	
   an	
   effective  non-
renormalizable  interaction  firs  introduced: (1/Λ)(Ψia)cG’S  Ψjbχi∗ρj∗  

ii) We introduce right-handed neutrinos and the Yukawa interactions 
ΨaLG’η  νaR η is now possible generating Dirac masses for neutrinos.  In 
this case we have also the Majorna mass term for right-handed 
neutrinos (νaR)cMabRνbR.  We will assume, for the sake of simplicity, 
that  MR   is  diagonal,  and  M­−1   =  (1/M )M¯ R   where  M¯   =  
diag(mR1, mR2, 1))  and  M   > mR1, mR2.  

The mass matrices are: 
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For	
  the	
  case	
  i)	
  we	
  obtain:	
  

the	
  interac-ons	
  with	
  the	
  scalars	
  are	
  given	
  by:	
  

Using:	
  

We	
  have:	
  

The	
   only	
   free	
   parameter	
   is	
   the	
  
mass	
  of	
  the	
  doubly	
  charged	
  vector	
  
boson,	
  and	
  to	
  sa-sfy	
  the	
  boundary	
  
of	
  PDG	
  need	
  a	
  mass	
  of	
  3.5	
  TeV.	
  

for	
  case	
  ii)	
  it	
  is	
  possible	
  obtain	
  the	
  same	
  results	
  in	
  i)	
  just	
  adjus-ng	
  the	
  
yukawas	
  in	
  the	
  Equa-ion	
  ii).	
  	
  

Th i s	
   decay	
   do	
   not	
   impose	
  
restric-on	
   to	
   the	
   doubly	
   charged	
  
vector	
  boson	
  	
  

for	
  more	
  details	
  see	
  arxiv:1406.xxxx	
  


