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Neutrino mass hierarch

Am?,, Am34 T measured, m; I undetermined.
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Strongly quasi-degenerated spectrum may be disfavored.
In most of the regions, m1 and m2 are quasi-degenerated.

&> By accident or design? What kind of physics behind it?



D N model

The D N flavor model:
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 The D_N symmetry makes m7 and m, exactly degenerated.
 The degeneracy is lifted after the D_N breaking,
but 615 =635 =0, m_=0byZ 2 of D_N.



D N model

The D N flavor model after the Z 2 symmetry breaking:
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Onbb

The model provides a novel prediction for mee of Onbb.
- The phases of m{ and mj3 can be absorbed.
. my > €5, the eigenvalues are dominated by m{ and m3.

* As aresult, the Majorana phases are almost vanishing.
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where a7 >~ oo >~ a3 >~ 0.

The effective of Onbb is reduced as
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« CPVis small:|J-p| < 0.015 (6 >~ 0, ).
 The mass ordering can be distinguished.




Modification ford,; ~ 45°

Let us improve the model to naturally induce a large 6,5.
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M, = 01 md 0 |+ which can be diagonalized by
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Onbb

The model still provides a novel prediction for mc. of Onbb.
e (M,)11 >~ (M,)22 including phases due to the symmetry.
. my > €5, the eigenvalues are dominated by m{ and m3.

* Thus, the two Majorana phases are also quasi-degenerated.

m 0 0 o mY et 0 0
0 mY 0 ) 0 mbe'? 0
0 0 m - 0 0 myetes
_ where a1 ~ ay o).
The effective of Onbb is reduced as
Mg = |ClaClamy e’ ™ + sqcismbe’™ + 3136_225+m3m3‘

~ | A2 2.2 Vo Q] >~ o = ~
~ |ciy + S1alc13my ﬂ = ap Sl

2
s13 K 1
~ mj (m?) <jjﬂ ¢ty 1



0.15

/Conditions \

‘5223‘ = m2(0.02 ~ 0.1)
AF

23] €115 l€12]s |€13]
A% A%
Am%% Am%?;

< 30

\912, 03, 013 /

» CPV can be large: |J-p| < 0.04 (6 =0 ~ 27).
e Distinguishable from the CP conserving case.




Summary

o Am2, < Am2; (m¥ ~ m}%) may suggest
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in the diagonal basis of the charged lepton mass matrix.

« m{ =mJ — 6% =0 and sinf;3 < 1 — #}; ~ 0may indicate
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« If 05, is small, CP is almost conserved, and then m,, >~ m}.

If 055 is large, CPV can also be large.

y Testable.

(M,){; =~ (M )55 including phases, thus m,, >~ mj.

The mass ordering can be distinguished.



Comment

» The above conclusion, m_, ~ m" , is based on m} < Eije

0
my 0 0 €11 €12 €13
MI/ — O m(l) O + 612 0 523
0
0 0 ms €93 E93 0

015

a 1 | 1 1 I 1 1 1 I 1
0 0.05 0.1 0.15



Back up
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» CPV can be large: |J-p| < 0.04 (6 =0 ~ 27).
e Distinguishable from the CP conserving case.
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