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INTRODUCTION
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NOvA Prellmmary

Ocp is defined in PDG.
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The Occam’s Razor Approach
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See-Saw Mechanism

SMEE%%ZJ—FU/EEA??
IrmpN + §WMRN + h.c.

Neutrino Mass Matrix

B 0 mp diagonalization m, 0
= (o 3) (6w

mp

active neutrino mass & X DERICH D m, = —mpMz ' mp

o) amichIB=1—hUJERERRAN M, (mp < Mp)

See-Saw Mechanism

['77 P. Minkowski; '79 T. Yanagida; ‘79 Gell-Mann, Ramond, Slansky]

Mp ~ O(10") GeV

e.g.) m, ~ O(1077) eV ZRHR!
mp = 0(1) GeV
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Degree of Freedom in see-saw Mechanism

m, = —mDM]glmD

— T
m, = UMNS Ty, UMNS

( Mg Mp : diagonal base)

:9x2-3=15

BERBE - TIERZR

o

A

T

total : 12

Observable values

95 EIFTERV...o
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Degree of Freedom in Two Right Handed Neutrinos

_ _ 1
Lepton mass term : liMger +lrmpN + §NCMRN—|—h.C.
RH neutrino : 3t P> 2{H{{
( Mg Mp : diagonal base) 12 massless
Mg :3 P 2 m, :3 P 2
mp :9%x2-3=15 ‘3 4+14+2=6
Y '6x2-3-9 > UMNs: 3494 2=¢
total : 48 P> 11 total : 42 P 9

Model parameters Observable values

£, BETIBEICFEAIEEV...0
Texture Zerox B A\

K. Harigaya, M. Ibe, T. T. Yanagida Phys. Rev. D 86, 013002
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Degree of Freedom in The Occam’s Razor Approach

_ _ ] ——
Lepton mass term : i Mper +1lrmpN + §NCMRN + h.c.
T text mT— a b 0 mT— a 0 b t
wo zero texture D=\g o g/ ™=\ . g)ct
M—R : 2
m, :2
< Uuyng:3+1+1=5

total :

Observable values

ERAMUMEE1D

BE1TIBEICTFS N H B!

K. Harigaya, M. Ibe, T. T. Yanagida Phys. Rev. D 86, 013002
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Degree of Freedom in The Occam’s Razor Approach

51—/ ORT—IVEBZT S

e a b O after the see-saw mechanism
D=0 ¢ d
LR
My —ﬂmwl mbh

— 1 kl 0 — 0 T
=5 (5 ) o (5 ) (0 1) (5 )5
(K 0\ (Ki O\ (K, O L @ 0\ g k0
Lo w)Lo 1){0 ¥ bc(Ok> bRkl

0 d 2

0 dk)

(78 (3 &)

Without loss of generality
aky = dkj

- " two parameters are not free!!
1 — CR9y
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g K. Harigaya, M. Ibe, T. T. Yanagida
The Occam’s Razor Approach 1 e 85 01503
Lepton mass term : IrMger +lrmpN + §WMRN + h.c.

: 2 (Diagonal)

: Two Zero Texture

Model parameters Observed values

Occam’s Razor
Results

5CP ~ :|:7T/2 E%E
S 5S5ICIHUDEAEZ BB ah - i1
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g K. Harigaya, M. Ibe, T. T. Yanagida
The Occam’s Razor Approach 1 e 85 01503
Lepton mass term : IrMger +lrmpN + §WMRN + h.c.
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’ Y.K, Y. Shimizu, M. Tanimoto, T. T. Yanagida
The Occam’s Razor Approach 1 T o1 e
Lepton mass term : IrMger +lrmpN + §WMRN + h.c.

Mp :20» 3 (Diagonal)

mp : woZeroTexture
Four Zero Texture

total : 5 P 7

Model parameters (would be) Observed values

1ERINOA—YIEZ I

FHONIAVHIFNIEICTFEEEZLS

(Our set up) Occam’s Razor
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Leptogenesis M. Fukugita, T. Yanagida, Phys. Lett. B 174(1986) 45.
T(Ny — 1g) — T(Ny — 1)
€ = L
L(N1 — 1) : D(N, —1p)  ~upposeMi<<M:,Ms
1 1 2 e
p— I { ; } 2
8 v® (mDmD Z - o)

For example,

0 ael®B/2 ()
mp = | ae?®4/? 0 b

0 be'?B/2 ¢ %
In Fritzsch type mass matrix
1 1 ,Ms
=~ p—
S U2 M1 Slﬂqu
L7 2EOBNIEA7 7 LAOVBREICE >T/INIAVBEDBENIC
28 __Nnp —nNngpg
YB —EYL X —€ (YB = s )
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The Sign of Universe's Baryon Asymmetry

28 Y.K, Y. Shimizu, M. Tanimoto, T. T. Yanagida
Y= ——Y; ox —¢ PTEP. 2016, 063B03
79 ,
L 1My $ Yp o sing»
€N gt g, oA BRID /NS A—F ¢4 b
In Fritzsch type mass matrix RENZIZINIE...

—a—bhU/KBETHAETES
MEE(TOMREShNE
(FIEEMIC SR BRED R 135 |

Am? ., Am?

sol atm (912 ‘923 6)13 5CP Mee

TRINVADTIREL . BENYAVHE RN DD,

w) FSERET HHEE
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Y.K, Y. Shimizu, M. Tanimoto, T. T. Yanagida

| PTEP. 2016, 063B03
Leptonmassterm: [; Mpep + lpmpN + §WMRN + h.c.

For example, So called Fritzsch type mass matrix
0 ae'®B/2 () / K% 0 0
mp = | ae?®a/2 0 b Mp=DMy| O KLQ 0
/ 0 beldE/2 ¢ 0 0 1
See-Saw mechanism
\ . a2K2€i¢B 0 abK26i<bB
m, = — 0 a’Kie'®4 + p? bc
Mo abKoe'?B bc b2 Koe'?B + 2

These matrices give Jarlskog invariant and Jcp

a*V*cP K1 Ky {a?sin(¢ps — o) + b%sin(pa + ¢p)}

Jop =~

(Amgtm ) 2 A777’301

, 2
Sin 0cp = JCP/(823C23812012513C13)

®a, OB relate to dcp.
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Four-Zero Dirac mass matrices + The Sign of BAU

m;=0 and Four-Zero Dirac mass matrices are 72 patterns
Matrices of determining the sign of BAU by only one phase are 24 patterns




Numerical Analysis
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The Sign of Universe's Baryon Asymmetry v, — "
0 ae'?B/2 () ’
mp = | ae’®4/? 0 b Yp o +sing 4

0 bel¥B/2 In

Fritzsch type mass matrix

constraint by

(Am?

2
sol» A7na1:m7 9127 0237 913)

in 90% C.L.
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The Sign of Universe's Baryon Asymmetry v, — "
0 axei?B/2 gy ’
mp = | be?®a/? 0 0 Yp o +sing 4
c1eiP4/2

constraint by

(Am?

2
sol» ATn’atm? 9127 0237 913)

in 90% C.L.

Ocplrad]
U cp B —7 /2 HBEICRELES
FEHONUA VEIENMEDRTFEZREIT 2EER/EDEMICES
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Prediction in Froggatt-Nielsen Framework U(1) Flavor Symmetry

We can adjust FN Framework.

0 ay as K/t 0 0
Consider the case: m,p = | by 0 Mr=My| 0 K,' 0
1

RR

FN charges: [ ([,,L5,L3) R(R1,R>,0)

dalrad]

In progress



Summary

e
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summary

> NHTHD §op = —7/2 ZFEIHBEETIIBEZR - Tco
—a—KkY/EE1T5% Occam’s Razor Approach"DZEZADT. HFEDEAIcEO%E
9 CcETLicnEEZ/IcIBEEREZR DT

- 3RDAEEZT=Z2—MNI/ZEAT S ET. NHHEIRT B,

> Za—KMJ)/RETHESNIEE(7 D) EESNNITIREICBAREDL G B3,
ZOHRER. "RINVADTREL, BENVAVDRBEINOD?2 EWSREWIC
BASSAEEEZRLUT.

ocpEAV7YhdTHIET
FHO/NY A VHIERIMEDF S ZRETCESAREEZR LT,




