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●          Build predictive neutrino models  
                [ predictive relations between nautrino parameters] 
 
●      Relate ν-oscil CP viol. (δ) to leptonic CP asymmetry, 
                i.e. have single CP phase. 
                            Perhaps predict  phase δ 
 
●     Work within framework which avoids various phen./cosm.         

difficulties 
                        [like gravitino problem etc.]   
 
  

Aim & motivation  
        Baryon asym. via Leptogenesis 



●      Motivated by above, consider system with two 
         quasi-degenerate RHNs   
              resonant leptogenesis allowing  
                   low   

 
●      Classify experimentally viable texture zero Dirac 
         Yukawas leading to (testable) predictions 

●     Cospological CP is related with neutrino osc. δ -phase * 
  * Idea: with hier. 2 RHNs by: 
                        Frampton, Glashow, Marfatia,  PLB 536 (2002) 79 
                       Frampton, Glashow, Yanagida’02 

Outline: 

7M 10 GeVR ≤

    Flanz et al’96 
Pilaftsis’97  

Pilaftsis, underwood’03 

  



 SUSY setup  
●  Successful Coupling Unification  

 
 
 
 
 
 
 
 

● low SUSY scale Stab. Hierarchy  
● stab. LSP   Dark Matter Candidate 

MSSM SM 

 good for GUT   





 
With 𝑀∗~𝑀𝑃𝑃 :  

 

 
𝟏
𝑴∗

 

 



 Neutrino Data: 

1409.5439:   



Atmospheric & Solar Neutrino ‘scales’ 

  
 

●  Origin of these scales and mixings?   

Unexplained  in  SM/MSSM 

Evidences for New Physics: 

Without New 
Physics 



 

●    

    --  Type I See-Saw – with SM singlet N matter 
                      
    --   Type II See-Saw – with SU(2) triple scalars 
                                        (with hypercharge Y=2) 
 
     --   Type III See-Saw – with SU(2) triplet matter 
                                        (with Y=0) 
… other possibilities: radiative,  
                               inverse see-saw, etc  
 
 
 
 
 
  
  

Extensions for neutrino 
masses 



Extending SM - Neutrino masses via  type I see-saw  
                        nu-masses,    oscillations 

mν
M

SM singlet 

 Δ L=2    Lepton number viol. 

0 H
H M

 
 
 

𝜈𝒄 

𝑴 𝜈𝒄𝜈𝒄 𝒍 𝜈𝒄𝑯 



Th. model giving predictive ν masses/mixing 
–symmetry principle?  

 
Extension with Right handed neutrinos: 

 
       ● ν masses/mixing  neutrino oscillations 

●    & B-asym. Through leptogenesis 

Also requires some extension 

Baryon asymmetry:  1010B Bn n
nγ

−− ~ 



●  Neutrino parameters 

Basis: 
Lepton mixing matrix from neutrino matrix 

 Entering 
in oscillations  

 Unknown 
Entering in double 𝜷 − 𝒅𝒅𝒄𝒅𝒅  



●  SUSY setup. Extension of MSSM with 2 RHNs N1,2 

Basis: 

Degenerate RHNs: 

Consider all possible textures for Yν : 
●  2 or more texture zeros do not work; 
●  1 texture zero: 3 possibility  
                                
●  Texture without zero(s) can give only fit – no prediction(s) 

K.S. Babu, Y. Meng , ZT   
        arXiv:0812.4419  



One Texture Zeros in  Yν  

Single complex phase   

Build ν Mass matrix:  
201 T

u
N

M Y Y h
Mν ν ν=



Can be 
absorbed in 𝒍𝒊 

Never matter 
due to 

N’s degeneracy! 

= 0 1
1 0 𝑒𝑖(𝜔+𝜌) 

Overall /non-physical 

Single  physical  phase 𝝓 



Texture A  

Prediction: 

Normal Hier. 

Too large,  Excluded. 

  𝒔𝒊𝒔𝟐𝜽𝟏𝟏 ≈ 𝟎.𝟎𝟎 



Texture B1 Texture B2 

; 

Inverted Hier. 



𝜹 𝒔𝒊𝒔𝟐𝜽𝟏𝟐 𝒔𝒊𝒔𝟐𝜽𝟐𝟏 𝒔𝒊𝒔𝟐𝜽𝟏𝟏 

≈ 0.2 𝟎.𝟏𝟏  (+𝟐𝝈) 
 

𝟎.𝟔𝟎𝟔  (+𝟏𝝈) 
 

𝟎.𝟎𝟐𝟏𝟎   
 

≈ 0.4 𝟎.𝟏𝟏  (+𝟐𝝈) 
 

𝟎.𝟔𝟐𝟎  (+𝟐𝝈) 
 

𝟎.𝟎𝟐𝟏𝟎  
 

≈ 0.72 
 

𝟎.𝟏𝟔𝟔  (+𝟐𝝈) 
 

𝟎.𝟔𝟔𝟔  (+𝟏𝝈) 
 

𝟎.𝟎𝟐𝟎𝟏  (+𝟏𝝈) 
 



𝜹 𝒔𝒊𝒔𝟐𝜽𝟏𝟐 𝒔𝒊𝒔𝟐𝜽𝟐𝟏 𝒔𝒊𝒔𝟐𝜽𝟏𝟏 

≈ 0.2 𝟎.𝟏𝟏  (+𝟐𝝈) 
 

𝟎.𝟔𝟎𝟔  (+𝟏𝝈) 
 

𝟎.𝟎𝟐𝟏𝟎   
 

≈ 0.4 𝟎.𝟏𝟏  (+𝟐𝝈) 
 

𝟎.𝟔𝟐𝟎  (+𝟐𝝈) 
 

𝟎.𝟎𝟐𝟏𝟎  
 

≈ 0.72 
 

𝟎.𝟏𝟔𝟔  (+𝟐𝝈) 
 

𝟎.𝟔𝟔𝟔  (+𝟏𝝈) 
 

𝟎.𝟎𝟐𝟎𝟏  (+𝟏𝝈) 
 

Check for  
Leptogenesis.. 



Resonant Leptogenesis 

      With degenerate N’s, CP asymmetry: 

    Pilaftsis & 
Underwood’03 

Has maximum with 

For arbitrary M ! 

1 2|1 |, |1 |, 1N N NM M M Mδ δ δ= − = + 

Needed: 1)  to generate δN  ;   2)               Complex- CP viol 21
ˆ ˆ( )Y Yν ν
+

In considered  
framewrok: 

1) δN emerges at 1-loop; 

2) Complex                  at 2-loop & related to δ  21
ˆ ˆ( )Y Yν ν
+



1-loop  RG: 

At 1-loop, phases are correlated and drop out !  
No CP at this level 

Drops out from 1-loop RG 



2-loop  RG: … 

At 1-loop At 2-loop 

All Yukawa parameters, besides one (x), are 
calculated in terms of observables and M; 

 
For fixed M & δ    nB/s vs. x can be plotted 



Baryon Asymmetry:     Inverted Hierarchical Case (texture B1) 



Does not work.  
𝜆𝝉 do not hit CP phase 

With this setup, only one 1 texture zero works (not well..) 



Explore more possibilities… 

𝒀𝜈 =  
𝟎 𝟎 ⋯
𝐱 𝐱 ⋯
𝐱 𝐱 ⋯

 

𝑵𝟏 𝑵𝟐             ⋯  

Introducing additional         states:  

Situation will change..  



Some assumptions & simplifications 

a)      ‘s are much heavy than 𝑁1,2 
                do not contribute to leptogenesis 

b)        ‘s do not spoil degeneracy of  𝑁1,2 
   
c) Integration of           d=5 ops,  improve                   
     neutrino sector and keep predictions 



 

●    1.  Two deg. RHNs (& Ye=diag) 
  
       2.    two texture zero  Yukawas + single d=5 op. 
            
Helps classification: 
 
                
                                                                                                                                                                                                                            

                                                                                                              
 
  

Setup: (A. Achelashvili, ZT ’ 2016) 



...  

+  



Examples: 



Obtained neutrino matrices 



One example (for demonstration) 



Preliminary numerical results (for P1 texture) 
Resonant leptogenesis works with: 

eV 

𝑴 = 𝟏𝟎𝟎 𝑮𝒅𝑮 



 

●      With 2 deg. RHNs (& Ye=diag) neutrino Dirac Yukawas   
               only one 1 texture zero works for neutrinos  
                        & resonant leptogenesis   
 
●      With 2 deg. RHNs (& Ye=diag)  
           2 texture zero neutrino Dirac Yukawas + single d=5 op. 
           Many scenarios are working for neutrinos 
           and also for resonant leptogenesis 
 
●   Future work: To justify textures by  symmetries (flavor sym.) 
 
                
                                                                                                                                                                                                                            

                                                                                                              
 
  

Summary 
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