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Doesn’t change 
mixing angles. 



Highly predictive but not correct. 

Two RHN and seesaw 



Highly predictive but not correct. 

Two RHN and seesaw 



arXiv:1412.6996 

Phenomenological search for flavons 
with real integer entries. 

à  Constrained Sequential 
Dominance 

n=1,2,3,4 



•  Neutrinos in CSD3. 
•  2 RHNs. 
•  Diagonal Charged Leptons 
•  One physical fixed phase. 
•  Two free real parameters. 

arXiv:1512.07531 



a=26.7 meV,    b=2.67 meV arXiv:1803.04978 



•  Universal up-type 
•  Universal down-type 
•  At LE, 13 real parameters, 4 phases. 
•  22 observables. 

arXiv:1807.07078 



arXiv:1807.07078 



•  CSD3 
•  Perfect fit. 
•  Predictive. 
•  Highly symmetrical. 

arXiv:1807.07078 



•  TBM 

•  SO(10) X S4                arXiv:1710.03229 
•  SO(10) X SU(3)         arXiv:1807.07078 

•  SU(5) X A4                 arXiv:1503.03306 
•  SO(10) X Δ(27)         arXiv:1512.00850 
•  SO(10) X S4                arXiv:1705.01555 
•  SU(5) X S4                  arXiv:1803.04978 
•  SO(10) X SU(3)         arXiv:1807.07078 
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Up to overall rotation and reflection 







arXiv:1607.05276, arXiv:1710.03229    

F-term equations of X,Y,Z 



arXiv:1607.05276, arXiv:1710.03229    

F-term equations of X,Y,Z 





Orb. Cond.                        S. S.                           Up next...          







arXiv:1803.04978 

Independent reflection of x5 and x6 



Through the ancient art of extra dimensional origami. 
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T2/Z2 and S4 



T2/Z2 and S4 



T2/Z2 and S4 

Boundary Condition   U : 



T2/Z2 and S4 

Alignment superpotential: 

arXiv:1803.04978 



T2/Z2 and S4 

6D: 

4D: 



S 

Could we have no 
superpotential? 



Active transformation è A4 spacetime symmetry 
 
Passive transformation è A4 modular symmetry 

arXiv:18012.05620 



Modular Transformations 



Modular Transformations 

Yukawa couplings      y               è   Y(w1, w2 )     Modular forms  

Fixed by this specific orbifold (No extra freedom) 

arXiv:18012.05620 



Modular Transformations 

Modular Form  Y Flavon   φ2 

μ-τ symmetry:      θl
23=45°      δl=±90°  

 
Leptonic  Fit  χ2=5  with 4 neutrino parameters. 

arXiv:18012.05620 



S 

T2/Z2 and SU(3) 
No superpotential 



Independent reflection of x5 and x6  à  effective Z2
2  

 
 
4 4d branes in total 
 
 
4 5d branes for each reflection  
   (Lines that connect 4d branes) 



Fermions in 4d branes  (No boundary conditions) 
 
 
 
Flavons in 5d branes  (Some boundary conditions) 
 
 
Higgs and Gauge F. in bulk   (All boundary conditions) 





 arXiv:1807.07078 





Up to overall rotation and reflection 





 arXiv:1807.07078 



 arXiv:1807.07078 

•  MSSM at LE. 
•  DT, DD split, GUT 

and Flavour breaking 
by ED. 

•  Fermion Unification. 
•  Highly predictive νs. 
•  Perfect fit Qs and 

CLs. 
•  Small reps. 
•  Few multiplets. 



• Rather complete. 
• Predictive. 
• Less superfield multiplets 
than the MSSM. 



Conclusion 

We can easily obtain non trivial and predictive 
flavon alignments through Extra Dimensional 

mechanisms. 


