
Northwestern University
Wei-Chih Huang

In collaboration with André de Gouvêa,  Shashank Shalgar

arXiv: 1005.XXXX

05.11.2010
Pheno 2010, Madison, May 10-12



Motivations
• To find the physical range of parameters in 

the Maki-Nakagawa-Sakata (MNS) matrix.

• To understand the effect of Yukawa 
couplings on the physical range of 
parameters.

• Application to the low energy effective 
theory in the case of Casas-Ibarra 
parametrization.



The MNS Matrix



The MNS Matrix

The Lagrange is invariant under the following transformations:

(3 active neutrinos and N right-handed neutrinos)



A simple 1+1 case



Results



In the Presence of Yukawa Interactions



In the Presence of Yukawa Interactions

For Type-I seesaw, 3 active and 3 right-handed neutrinos, we can rewrite 

Yukawa interactions in the mass basis in terms of angles and phases.



In the Presence of Yukawa Interactions

 We express Yukawa couplings in terms of angles, 
phases and masses.



Results



Casas-Ibarra Parametrization-I



Casas-Ibarra Parametrization-II



An Example on Leptogenesis



An Example on Leptogenesis



Conclusions
 Introduction of Yukawa interactions has no effect on 

the physical range of parameters.

 In the Casas-Ibarra parametrization, DetR is physical, 
i.e. Majorana phases defined in the low-energy 
effective theory range from –π to π if  all mixing angles 
in V are to be constrained to the first quadrant.


