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Cabibbo haze: 

M ! : tri-bi-maximal 

M q,l : small mixing …dominated by  !C
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To keep these relations need departure from tri-bi-maximal mixing in ν sector…  



In small s13
ν and charged lepton angles approximation 

Antusch King 

Charged lepton contribution: 

!12
l =!C GUT + dimension 5 operator 
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Neutrino contribution : 

Perturb around TBM mixing 

Combination of charged lepton and neutrino contributions in symmetry basis  

UPMNS =U23U13U12



Neutrino contribution - perturb around TBM mixing: 
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More general mixing: 

e.g. 
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Correlation? …. can be made natural (alignment field                 ) 
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!1 = (1,0,0)

unconstrained…but spoils mass relations !



Implications of  !13

Illustrate using 1σ range of θ23, θ13 to predict Dirac phase 

Allow for unknown lepton phases 

†

νaνb mixing νaνc mixing 

measurement	
  

†
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Origin of approximateTBM : an example 
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Relate       to dynamical variables, familons  !i !i !i "<#i >

triplets of non Abelian discrete family symmetry,  !i

Vacuum alignment <!23 >= "(0,1,#1), <!123 >= " 2 (1,1,1)



Vacuum alignment 
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Vacuum alignment 
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 e.g. G = !(6n2 ) ! Zn " Zn( )" S3| non Abelian discrete group (n>3) 
Escobar, Luhn 
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Dirac mass structure  

 H light ! X3
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mt comes from D=4 term 

! ,",# =O(1)
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 e.g. G = !(6n2 ) ! Zn " Zn( )" S3| non Abelian discrete group 

Majorana mass structure  

a,b,c,d =O(1)
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!(6n2 ) model 

Higgs mediators – mt unsuppressed •

• Z4R ! µ term and nucleon decay under control 

•
 

m!
m@

=O(! )Neutrino mass hierarchy limited 

• !13 =O(" )

• Light familinos weakly coupled – LSP?- visible sector NLSP charged? 



Summary 

!13 " 9
0 unexpected and requires modification of Yukawa quilt  

•

•

Can be accommodated by perturbation  of TBM mixing and/or leptonic contribution 

Correlated changes in  !12,!23
+Large CP violation typical  

• Discrete non Abelian family symmetry can generate approximate TBM mixing   
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Vacuum alignment 
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Z5 ! Z4R :Majorana mass terms allowed by  


