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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.
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The MINS Matrix
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The Lagrange is invariant under the following transformations:
(3 active neutrinos and N right-handed neutrinos)
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where P"®)(¢) is a diagonal (3 4+ N) x (3 + N) matrix whose diagonal entries are all
unity except for the 4, i element, given by €. Note that P*®)(¢)? is the unit matrix



A simple 1+1 case
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It shows @ + 7 1s physically equivalent to 6.



Results

e All Majorana phases ¢; € [0,7],i=2,...,3+ N;
e All Dirac phases 4, 4d;; € [—m,7[;

e All mixang angles can be constrained to the first quadrant: cos#,;,simné,; > 0.



In the Presence of Yukawa Interactions
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In the Presence of Yukawa Interactions
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For Type-l seesaw, 3 active and 3 right-handed neutrinos, we can rewrite
Yukawa interactions in the mass basis in terms of angles and phases.
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In the Presence of Yukawa Interactions

* We express Yukawa couplings in terms of angles,
phases and masses.
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It implies that by applying the same procedure as before, #; + 7 1s equivalent to #;,
in the presence of Yukawa couplings.



Results

e All Majorana phases ¢; € [0,7],i=2,...,3+ N;
e All Dirac phases 4, 4d;; € [—m,7[;

e All mixang angles can be constrained to the first quadrant: cos#,;,siné;; > 0.
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Casas-lbarra Parametrization-|
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The concept is to express yv and © in terms of V', R and masses.
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Casas-lbarra Parametrization-ll
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An Example on Leptogenesis

- 2. [Ny — £H) —T(Ny — T, H)]
T L [C(Ni — (. H) +T(N; — T, H)]

11 M? M
= 8 (hyhy)in igﬂ:!alm{{hyhlﬁi} | {f(Mlﬂ) " Q(Mlﬂ)]

€1




COsSa  SIN oy
— SN ¢ COS (¥

-

\/dla'g(ml : m?) =

An Example on Leptogenesis

Difference in €;

20 -

15+

10

5




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 —m to m if all mixing angles
in V are to be constrained to the first quadrant.



