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Atmospheric & Solar Neutrino ‘scales’ 

  
 

●  Origin of these scales and mixings?   

Unexplained  in  SM/MSSM 

Evidences for New Physics: 

Without New 
Physics 



●   Charged  fermion masses & mixings 

With  λ=0.2 

Observed Noticeable Hierarchies: 

What  is  origin  of  these  hierarchies? 
Is there any relation or sum rule? 

Why three families? 

Within SM no answer to these questions…  



SUSY Unification vs. non-SUSY 

MSSM SM 

● In MSSM Good coupling unification   
          GUT is revamped! 

 



Within SUSY & GUT, the problem of flavor remains unsolved. 
 
Flavor symmetry GF distinguishing families can  explain hierarchies 
 
  Simplest possibility: GF=U(1)F             (Froggatt, Nielsen’79) 

With coupling forbidden! 

Suppressed  
couplings emerge 

- cut off scale (simplest possibility               ) 

Several/ multiple flavons also can be considered 

‘flavon’ 



New SUSY SU(5) x U(1)Flavor 
Models 

U(1)Flavor : Non-Anomalous Flavor Symmetry 

SU(5) Matter:                     10i      ,         5i* 
 
         U(1)Flavor Charge:   Q[10i]   ,     Q[5i*] 

SU(5) Scalars:                  H(5)    ,     H*(5*)    ,  Σ(24) 
 
                       Charge:      Q[H]   ,       Q[H*]    ,      0 

Extra matter :    Only SU(5) Singlets (# = or < 3) 
For anomaly cancellation & RH Neutrinos  

Flavons:   X[q]  ,    X*[-q]  For U(1)Flavor   Breaking 

Search for Economical Setup.. 



Anomaly Cancellation 

Singlets 

Vanishes with: 

Minimal Setup:   
        No                states beyond min. SUSY SU(5)  
 
i.e.     Three 10’s  +  four    5* ’s  + one H(5) + one  



Finding :      Embedding   



c.  * 

Anomaly free: 

* Started w ith SU(7) because SU(6)⊂ E6 (already considered) 



c.   

With ‘flips’: 

Three family of                   (anomaly free):  

all anomalies remain intact 

(cntd.) 

RHN’s for see-saw 



Finding :      Embedding   

E6->SO(10)xU(1)’’SU(5)xU(1)’’: 
    
              27= 16[1] + 10[-2]+1’[4]= 
                                (10+ 5*+1)[1]+(5+5’*)[-2]+1’[4] 

Consider superposition 



Model 

Content: 

Selection: 

Identification: 



Yukawa couplings are fixed: 

Hierarhical, good fit with: 

 

Texture zeros: 



Quark Sector 

Basis: 

do not contribute to masses. Relevant for CP 



input: 

Fit for: 

output: 



Dirac & Majorana Couplings Neutrino Sector: 



See-saw 

Relations 

Predict inverted hierarchical neutrinos 





 
 
●   SUSY SU(5)xU(1)Flavor model proposed: 
      - Non-anomalous flavor sym. texture zeros; 
      - successful ch. fermion mass hierarchies; 
      - predictive neutrino sector– inverted hierarchical   
   

SUMMARY 

THANK YOU! 



Backup Slides: 





In comb. of different mass matrices leads to many cases 
to be investigated 

Two flavons offer interesting possibilities  
(to be explored in details) 



     ABB                BBB            D 
     ABC                BBC 

some more  U(1)F assignments: 

Many combinations.. , but restrictions – no extra `exotics’    
 
 
Give 6 combined options: 

Or with 

Three family SU(5) GUT! 



U(1)F Breaking 

Flavon(s) needed for U(1)F Breaking & for generating Yukawa 
        couplings 

Tempting to use singlet(s) (1 or/and 1’) responsible for anomaly 
cancellation. 
-However, no realistic model has been found. 
 
        -- Introduce                    flavons – Minimal flavon setup 
 
In SU(5)x U(1)F , the FI-term                             is allowed 
                              
 
D-term:            
 
 & superpotential:  
 
 
*Without S, higher order superpotential/Kahler terms may do the 
job    



U(1)F Breaking (contd.) 

All F’s  & D =0   unique solution (no degeneracy)                  
            fixed VEVs:  

 
 

  a)  
 
  b) 
 
  c) 

 

Expansion 
Parameters: 
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