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Outline

- Neutrino oscillations

- Mass sum rules (MSR) in the context of flavour models

- Neutrinoless double beta decay (0!"")

- A novel S4 model 

- Summary
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Lepton mixing matrix

Schechter, J. W. F. Valle , , PRD22 (1982) 2227
For a recent discussion: 

Rodejohann and J. W. F. Valle, (2011)               
arXiv:1108.3484

Symmetrical parametrization
T schwetz, M. A. Tortola and J. W. F. Valle, 

(2011)  arxiv:1108.1376v1
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Ansatz for the lepton mixing matrix values and
non-Abelian discrete symmetries

S4, T’, S3, D4 ,...  

A4Tri - Bi - maximal 

θ12 ≒ 35°,　θ23 = π /4 ,   θ13 = 0
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E. Ma, G. Altarelli, F. Feruglio, Babu, S Kaneko, S 
Morisi, H. Zhang, T Toma, ...

Bi-maximal, Golden ratio

Harrison, Perkins, Scott, 2002

 Altarelli, Feruglio, Meloni, Barger, S. Pakvasa, T. J. 
Weiler, K. Whisnant, W. Grimus , L. Lavoura, ...
For a full discussion on alternatives of TBM see  
Albrigth, Dueck, Rodejohann, (2010) 1004.2798v1 

http://arxiv.org/abs/1004.2798v1
http://arxiv.org/abs/1004.2798v1


Mass sum rules (MSR)

Our proposal

 B)

 A)

 C)
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Mass sum rules (MSR)

Our proposal

 B)

 A)

 C)

 D)
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Example 
Case B)

An A4 simplest model, Altarelli, Meloni (2009)

Sum rule between 
mass eigenstates

Seesaw formula

All matrices are of the general form

Are diagonalized by 

mlight eigenvalues



Case B)

Our proposal

From seesaw type I 
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J. Barry, W. Rodejohann, G. J. Ding, F. Bazzocchi, L. Merlo, S. Morisi, ... 
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 R. Mohapatra, J. W. F. Valle (PRD 34  (1986))

Light neutrinos eigenvalues

Effective neutrino mass matrix

Inverse Seesaw



MSR from Inverse Seesaw

Light neutrinos eigenvalues

Case 1) is analogous to Case C)
Case 3) corresponds to the dimension 

5 operator SMR, case A) 

TBM type, an example
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M. Hirsch, S. Morisi and 
J. W. F. Valle, 2008

Case 2) corresponds to CASE D)



Neutrinoless double beta decay
0νββ

(A,Z) → (A, Z+2) + 2e-

- Violates lepton number by 2 units
- Experimentally not observed

- T0!""1/2 (76Ge)  ≥ 1025 years 
-Observation implies physics beyond the standard model
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BLACK BOX
ee

W W

νν

u d u d

Black Box theorem

Schechter and J. W. F. Valle, PRD22 (1982) 2227
For recent discussion see Duerr, Lindner, Merle  

(2011)1105.0901



Neutrinoless double beta decay
0νββ
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Rodejohann, Acta Phys.Polon. B43 (2012) 
71-78



Neutrinoless double beta decay
0νββ

NH IH
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Effective Majorana mass term

Mass Hierarchy



An example
Case A)   and   NH

Our proposal
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An example
Case A)   and   NH

Our proposal

Real equation

Imaginary equation{
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An example
Case A)   and   NH

Our proposal

Real equation

Imaginary equation{
Majorana CP phases:
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Lower limit on m1
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Lower limit on m1

Triangle  Inequality

J. Barry, W. Rodejohann, 2010
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Lower limit on m1

Triangle  Inequality

J. Barry, W. Rodejohann, 2010
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Minimal values for the effective                  
0νββ	 	 decay parameter 
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 B)

 A)

 C)

 D)

We analyse the four MSR taking the present 
values of the neutrino oscillations parameters at 

3σ



Minimal values for the effective                  
0νββ	 	 decay parameter 

E. Ma, G. Altarelli, F. Feruglio, Y. Lin, F Bazzochi, S Kaneko, S Morisi, M. Honda, ...

J. Barry, W. Rodejohann, G. J. Ding, F. Bazocchi, L. Merlo, S. Morisi 

M. Hirsch, S. Morisi and J. W. F. Valle, 2008

G. Altarelli, F. Feruglio, Y. Lin, F Bazzochi, S Kaneko, S Morisi, M. Honda, M. Tanimoto

G. Altarelli, F. Feruglio, Y. Lin, F Bazzochi, S Kaneko, S Morisi, M. Honda, ...
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♯ S. Morisi, E. Peinado, A. Rojas, J. W. F. Valle, LD 2012

♯



Minimal values for the effective                  
0νββ	 	 decay parameter 
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Renormalizable Lagrangian 
(Neutrinos)
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A model for the case Case D) 

Our proposal

From inverse seesaw 
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Light neutrinos eigenvalues



Neutrinoless double beta decay
0νββ
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Summary

We have analysed the implications for the lower bound on the effective 0!"" mass 
parameter, arising from possible mass sum-rules obtained in the context of flavour 
models. 

MSR were classified in four different categories, some have already been 
considered in the literature.

We construct a novel model using inverse seesaw to give mass to the neutrinos, 
such that the MSR will give a lower bound on the mee at reach of the future 0!"".
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Thanks.
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Backup slides
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Case A) 

Our proposal

Dimension five operators

Effective neutrino mass matrix
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E. Ma, G. Altarelli, F. Feruglio, Y. Lin, F Bazzocchi, S Kaneko, S Morisi, M. Honda, ...



Case C) 

Our proposal

From seesaw type I 

30M. Hirsch, S. Morisi and J. W. F. Valle, 2008



Case B)
(Assuming TBM)

Our proposal

From seesaw type I 
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J. Barry, W. Rodejohann, G. J. Ding, F. Bazzocchi, L. Merlo, S. Morisi, ... 



MSR of the model

Light neutrinos eigenvalues
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Particle content of the model 

Irreducible representations of S4 

11 , 12 , 2 , 31 , 32
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Renormalizable Lagrangian
(Charged leptons)

Charged leptons

Diagonalized by the 
magic matrix

Charged leptons 
mass matrix
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Case B)
(Assuming TBM)

Our proposal

From seesaw type I 
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J. Barry, W. Rodejohann, G. J. Ding, F. Bazzocchi, L. Merlo, S. Morisi 


