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Introduction

1. Introduction

Standard Model (SM): SU(3)¢ x SU(2). x U(1)y

Particle First Second | Third Mixing matrix
u c t .
Quark <d)L <5>L (b)L CKM matrix
ug Ch th (Cabibbo-Kobayashi-Maskawa)
dr Sk bk
Lepton (Ve> (V“) (VT) PMNS matrix
€/ K/ T/
er 1R TR (Pontecorvo-Maki-Nakagawa-Sakata)
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Introduction

1. Introduction

Standard Model (SM): SU(3)¢ x SU(2). x U(1)y

Particle First Second | Third Mixing matrix
u c t .
Quark <d) ) (s) . (b) . CKM matrix
ug Ch th (Cabibbo-Kobayashi-Maskawa)
dr Sk bk
Lepton (Ve> (V“) (VT) PMNS matrix
€/ K/ T/
er 1R TR (Pontecorvo-Maki-Nakagawa-Sakata)

Generation (Flavor) Mysteries (Problems)

m Masses of elementary particles are different each generation.

m Lepton flavor mixing is quite different from quark one.

May 13, 2013 Minimal neutrino texture Yusuke Shimizu




Introduction

Neutrino Oscillation

m Neutrino mass hierarchies:
Normal — my < my < m;.
Inverted = m3 < my < my.
(Quasi-degenerated — my ~ my ~ m3)

m Lepton flavor mixing matrix:
‘VOZ> = Uai|l/i> (Oé:thaTa i:1,2,3),

1 0 0 C13 0 51:<',(i‘_i(513 C12 si» O 1 0 0

U= 0 C23 523 0 1 0 —S12  C12 0 0 eip 0
0 —s3 o3 —513ei513 0 C13 0 0 1 0 0 €7

C12€13 $12€13 size0n 1 0 O

= | —s12c23 — c1o5235136"°  C120o3 — S12523513€08 $23€13 0 e” 0
S12523 — C12C3513€01  —ciosy3 — S12C3s13€00 o3cas 0 0 €7
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Introduction arg 3 and neutrino mass oward minimal texture

Experiments indicate large 613!!

m Experimental result by Daya Bay @Neutrino 2012

sin 2013 = 0.089 4 0.010 (stat) + 0.005 (syst).

m Consistent with RENO, Double Chooz, and T2K experiments.

m Global fit of the neutrino oscillation:
D. V. Forero, M. Tortola and J. W. F. Valle, arXiv:1205.4018 [hep-ph].

parameter best fit 20 30
sinZ 012 0.320 0.29-0.35 0.27-0.37
26 0.613 (0.427) 0.38-0.66 0.36-0.68

nvs 0.600 0.39-0.65 0.37-0.67

) 0.0246 0.019-0.030

2
sin” 013 0.0250 0.020-0.030 0.017-0.033
Am?2 | [10~5%eV7] 7.62 7.27-8.01 7.12-8.20
2.55 2.38-2.68 2.312.74
2 -3 2

|[AmZe| [107%eV?] 2.43 2.29-2.58 2.21-2.64
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Introduction

m sin 13 is nearly Cabibbo angle:

sinf13 = 0.15+0.01, sinfc =0.225 = .
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Introduction

m sin 13 is nearly Cabibbo angle:

sinf13 = 0.15+0.01, sinfc =0.225 = .

m The relation between masses and flavor mixing angles:

Md . 0.225 ~ sin b
ms

m Neutrino masses and flavor mixing angles are related each
other!!

A 2
af BMsg 0.416 ~ O(VA) =  sin a3,
2
Am

atm

= sinf13.
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Introduction

m Building the neutrino mass texture with large 6;3.

We present two textures.

m 3 x 3 Dirac neutrino mass texture.

M. Fukugita, Y. S., M. Tanimoto and T. T. Yanagida,
Phys. Lett. B 716 (2012) 294.

m 3 x 2 Dirac neutrino mass texture.
Y. S., R. Takahashi, M. Tanimoto,
arXiv:1212.5913 (accepted in Phys. Lett. B).
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Large 613 and neutrino mass matrix

2. Large 613 and neutrino mass matrix

m Texture with sinf¢c = \/my/ms: 2 parameters
S. Weinberg, HUTP-77-A057, Trans.New York Acad.Sci.38:185-201, 1977.

o 0 A . 0 mgms
Md_(A B>_< mgms ms )

m Extend to 3 generations: 3 parameters
H. Fritzsch, Phys. Lett. B73 (1978) 317; Nucl. Phys. B115 (1979) 189.

0 As O 0 A, O
Mg = Ad 0 By, My=1A, 0 B,|,
By C4 0 B, C,
Vis 1/""’ 1/m“~0185 Vep [ 72> — |7 = 0.065.
mp my
so good too large

m Fritzsch texture does not work in quark sector...
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Large 613 and neutrino mass matrix

Apply to lepton sector

M. Fukugita, M. Tanimoto, T. Yanagida, Prog. Theor. Phys. 89 (1993) 263.

m The charged lepton and Dirac neutrino mass matrices:

0 A O 0 A 0
meg = Ag 0 B@ y myp = A,, 0 Bl,
0 B (¢ 0 B G

m We assume that the right-handed Majorana neutrino mass
matrix is proportional to unit one: Mg = Myl.
m The left-handed Majorana neutrino mass eigenvalues:

T T p—1
m; = (Ul, m,pMg m,,DUl,),..

m Pontecorvo-Maki-Nakagawa-Sakata(PMNS) mixing matrix:

1 0 0
Upmns = U,Zr QU,, Q=10 €7 0
0 0 €7
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Large 613 and neutrino mass matrix

The neutrino mixing matrix elements

mapmap(m3p — myp)
,
(map + m1p)(m3p — map + mip)(m3p — mip)

Un(1,2) = mipm3p(m3p + mip) o [mb _ ,/m
vil, = = ~ — = —
(map + mip)(m3p — map + m1p)(m3p + map) map my
m m m — m m: m m m
Un(1,3) = \/ 10map(map 1D) ~ MD w _ [m2,fm
(m3p — mip)(m3p — map + mip)(m3p + mp)  m3p \| m3p m3 \| m3
m1p(m3p — map)
(map + mip)(m3p — mip)

Uu(1,1) =

Uy(2,1) =

Up(2,2) = mo(mp £mo)  Because of seesaw mechanism.
(map + mip)(m3p + map)

Un(2,3) = m3p(map — mip)
L (2,3) =
(m3p + map)(m3p — mw)

m1p(mpp — m1p)(m3p + mip)

Uy(3,1) = — )
(m3p — m1p)(m3p — map + mip)(map + mip)
m m —m m — m
Up(3,2) = _\/ 20 (m2p — mip)(msp — map) 7
(m3p + map)(m3p — map + mip)(map + mip)
m m3p + m m — m
U (3,3) = 3p(m3p + mip)(m3p 2D)

(m3p + map)(map — map + mip)(map — mip)
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Large 613 and neutrino mass matrix

Lepton mixing matrix elements

M. Fukugita, Y. S., M. Tanimoto and T. T. Yanagida, Phys. Lett. B 716 (2012) 294.

m Free parameter: my, o, 7

0.30
1/4 1/2 0.25¢
o () () e o
m»y my, E 0.15F
1/4 /2 D b 3
s (2) ()T
m3 my 0.05¢
1/2 1/2 1/4 0.00
Us ~ (E) ST (ﬂ) (ﬂ) " 0.40 045 050 0.55 0.60 0.65
yn
my, m3 m3 sin20,s
m Charged lepton contribution:
o\ /2 Am?
e m,
=~ 0.0695, in® 03 ~ (| —=L = 0.416 ~ A
(”ht) sin” 03 Ani. 0.416 ~ O(V)),
o\ /2 ) ) ;.
<7“> ~ (0.244. sin 913 ~ (sm 923) sin 912 ~ (0.158.
m;

m Neutrino mass hierarchy: Normal hierarchy
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Large 613 and neutrino mass matrix

Neutrino less double beta decay

m my is restricted by 6015:

1.0 R 10
o
af /
)
bt

< 08f
&N
0800 0.02 0,04 0.06 0.08 0.10 0.12 0.14 00 005 010 015 020 025 030

my/mz sinfi3

|Mee| =4 — 5.5 meV.

0.7¢

[Meel [MeV]

s[n

0.6¢
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Large 613 and neutrino mass matrix

CP violation in lepton sector

JCP =Im [Uu3U:3U;2U7—2] .

0.03
0.02
001 @
5 000 g
-0.01 ;
-0.02 -
-0.03

0.00 0.05 0.10 0.15 0.20 0.25 0.30
§ﬂ913

If 012, 023, 013 are more precise, o and T are more restricted and
Jcp is more predictive.
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Toward minimal texture
3. Toward minimal texture

m Before reactor experiments were reported 6013 (|Uez| = sin 013),
the tri-bimaximal mixing (TBM) Vii.pi was good scheme.

2 1 0
Ve V3
1 1 1
Upmns = Veivi = | =8 3 v | >
1 i
Ve V3 V2
Vol = T2, (Ul =0, Uyl = 55
e2| — \/gv e3| — Y, n3l — \/§
m The left-handed Majorana neutrino mass matrix:
mome (1O O /11 1\ (100
MEBM:%OIO—%%lll#—%OOl
0 01 1 11 010

m TBM is realized by non-Abelian discrete group.
H. Ishimori, T. Kobayashi, H. Okada, Y. S., and M. Tanimoto,

JHEP 0904 (2009) 011; Lect. Notes Phys. 858 (2012) 1.
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Toward minimal texture

We consider deviation from tri-bimaximal mixing

We discuss three cases as 1-2, 1-3, 2-3 mixing deviation from
tri-bimaximal one.

W. Rodejohann and H. Zhang, Phys. Rev. D 86 (2012) 093008.

A. Damanik, arXiv:1206.0987 [hep-ph].

m Case I: 1-2 mixing deviation from tri-bimaximal one.

cos¢ sing 0
Upmns = Viribi | —sing cos¢ 0],
0 0 1
2sin¢g  cos¢ 1
U2l = |—= + . |Uss| =0, |Ugs|=—=.
‘ 2| ‘ \/6 \/g | 3| |u3| \@

|Ues| = 0, then unfavored.
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Toward minimal texture

We consider deviation from tri-bimaximal mixing

m Case II: 1-3 mixing deviation from tri-bimaximal one.

cos¢p 0 sing
Upmns = Viriobi 0 1 0 |,
—sing 0 cos¢
1 2sin ¢ sin ¢ cosd)‘
Ue = 5 Ue = || UJ, = |-+
el = 75+ ool =2 el = |2+

m Adding the (1,3) or (1,2) off diagonal matrix:

2)

0
MV:M,:FBM‘F 0
1

01 01 0
1 0 or 1 0 O
0 0 0 0 1

m Realized by Ay symmetry (1’, 1”) and S4 symmetry (2) and ...
Y. S., M. Tanimoto and A. Watanabe, Prog. Theor. Phys. 126 (2011) 81.

m In this case, sin® 15 > % which is unfavored.
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Toward minimal texture

We consider deviation from tri-bimaximal mixing

m Case lll: 2-3 mixing deviation from tri-bimaximal one.

1 0 0
Upmns = Virini [0 cos¢  sing |,
0 —sing cos¢
cos ¢ sin ¢ cos ¢ sin¢‘
Ua| = |—= |+ [Ues| = |—= |, [Uus| = + .
| 2‘ \/§ ‘ 3| \/§ | l3| \/§ \/§

m In this case, sin? 6 < %
m We consider the framework of Split Seesaw:
A. Kusenko, F. Takahashi and T. T. Yanagida, Phys. Lett. B 693 (2010) 144.
Mg1 ~ O(keV) < Mgy, Mgz ~ O(10* GeV),
YE <Yy, Yy

m Mg, is the sterile neutrino: Dark matter candidate.

m Realized in 5D theory compactified on S'/Z,.
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Toward minimal texture

m We can separate the neutrino mass matrix:

mp — (Me 0 Mp = (Y1 Yix)v
R 0 M’%ﬂ J D =\{T3x1 T3x2)V-

m By using seesaw mechanism:
M, = Y8, (MF2) ™ (YO) T av? + 5 Y2 M (YO) 2.
(8 N8
Flavor mixing No effect on flavor mixing

m We can consider " Minimal Texture”.
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Toward minimal texture

m The right-handed Majorana and Dirac neutrino mass matrices:

a d
MZ*? = </VI)R2 /V;)R3) ., Mp=Y2,v=|b ’er v.
c

m The condition of 2-3 mixing deviation (normal hierarchy):
2a—b—c=0, and 2d—e—f=0.

m In this condition, left-handed Majorana neutrino mass matrix:

0 0 0
3 [(btc)® | (e+F)? V3 ((b=c)(b+c)Mpy+(e—)(e+)Mga)
M, = Vgu | O 7 ( Mo T s ) : Mo M3 v’ Vrgu.
0 V3 ((b—c)(b+c)Mpy+(e—)(e+F)Mga) (b—)®Mgs+(e—F)* Mgy
2Mpo Mg3 2MgoMg3

m In this case, Majorana mass can rescale, then the right-handed
Majorana and Dirac neutrino mass matrices:

bic  etf
2 2

M,i“:MR((l) (1’) Mpo=| b e |v
c f
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Toward minimal texture
Two zero texture in normal hierarchy

m The general texture:

b+c e+f
2 2
Mp = b e V.
c f
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Toward minimal texture
Two zero texture in normal hierarchy

m The general texture: m()b+c=0and f=0:
He 5t 0 ¢ 03
Mp={ b e |v Mp=|b elv—=| 5 €]|v
c f b 0 - 0

Yusuke Shimizu
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Toward minimal texture
Two zero texture in normal hierarchy

m The general texture: m(i)b+c=0and f=0:

b f e

Be eyt 0 3 0 3

Mp={ b e |v Mp=|b elv—=| 5 €]|v
c f —b 0 -L 0

m(i)b+c=0and e=0:

0o o £
Mp = b O0|lv— % 0| v
1
b f -1 ¥
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Toward minimal texture
Two zero texture in normal hierarchy

m The general texture: m(i)b+c=0and f=0:

e of 0 ¢ 0 3
Mp={ b e |v Mp=|b elv—=| 5 €]|v
c f —b 0 -L 0
m(i)b+c=0and e=0: m (ii)c=0and e=0
b f f
0 3 0 3 w12 2 3
Mp=|b 0|lv=>]| 5 0O]v p=|b 2 v— (1 (; v
— _1 0 0
b of Lof

Yusuke Shimizu
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Toward minimal texture
Two zero texture in normal hierarchy

m The general texture: m(i)b+c=0and f=0:

e ot 0 3 0 5
Mp={ b e |v Mp=1| b e]v— % €lv
c f —b 0 -L 0
2
m (i) b+c=0and e=0: m (ii))c=0and e=0
f
o 5 [0 e
Mp = b 0)v—o % O|ly. Mp=|b OJv—=|1 0]v
_ 1 0 f 0 f
b of Lf

m In the phenomenology, (i) is marginal but (i) and (i) are

unfavored.

Yusuke Shimizu
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Toward minimal texture

m In case (i), the left-handed Majorana neutrino mass matrix:

0 0 0
2
M”:/\\:TVTTBM 0 3¢2 —%\/gez Ve
: 0 —l\/ge2 14 1e?
2\/ 2 2

m It's too large to be consistent with the experimental data if
e ~ O(1). Therefore, we should take as e < 1. The neutrino
mass eigenvalues are

IT11:07

m The additional 2-3 mixing angle is

tan(2¢) ~ \Eé.

m The relevant mixing matrix elements:

2 V2

1
Ueo| ~ —=4/1— = A
‘ 2| \/g 3 3r

2

V2
r2, | Ues| =~ , |U,L3|2|—3r 1—§r2

1
_|_7
V2
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Numerical results

Toward minimal texture

m()b+c=0and f=0:

e
0 3 (1) 3
Mp=|b elv—>| 5 ©
_ _ 1
b 0 7 0
0.30
0.25
0.20t
9
€ 0.157
‘D
0.10} \
0.05
0.00

028 030 032 034 036
Si ﬂ2912

m In this case, 613 is marginal.

May 13, 2013 Minimal neutrino texture
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is fitted by neutrino

; 2 2
mass ratio AmZ,,/Am3,

0.30

0.25¢
0.20f

Ssinfy3

0.10F
0.05¢

0.15F

‘-/

0.00

0.40 045 050 055 0.60 0.65

sin 2923
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Toward minimal texture

m In case (i), the left-handed Majorana neutrino mass matrix:

0

0
V2 3 1 /3
M,,:M—VTTBM 0 3f 5\/;(2 VreMm.
R
I\/3F2 1+ 3f2

m It's too large to be consistent with the experimental data if
f ~ O(1), and thus we must take f < 1 as well as e < 1 in
the previous case (i).

m Neutrino mass eigenvalues and additional mixing angle:

my 3 2 \/§ 2
=0, —~-f= tan(2¢) >~/ =f-.
my ) ms 4 r, an( ¢) 2
m The relevant mixing matrix elements:

1 2 V2
|Ue2|3% 1*§f27 |Ue3\z?r, |Upus| =~
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Toward minimal texture

Numerical results

m(i)b+c=0and e=0: m " f" is fitted by neutrino
0 0 f mass ratio Am2,,/Am?,,
2 2
1
Mp={b 0)v—| 5 0v
_ 1
b f 7 f
0.30 0.30
0.25; 1 0.25"
0.20¢ : 020
9 g
2 0.157 g 2 0.157
D D
o0 \ ] 0'10\
0.05¢ : 005
0,00 : : : 0,00
028 030 032 034 036 040 045 050 055 0.60 0.65
Siﬂ2912 Siﬂ2923

m In this case, 013 is unfavored.
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Toward minimal texture

m In case (ii), the left-handed Majorana neutrino mass matrix:

0 0 0
2
MV:A‘;IiVTTBM 0 (fP+1) %\/g(’d_l) Vem.
R
/3P -1 3P+

m Since the neutrino mass eigenvalues can be obtained by

my _ 5+5f2 — /25 — 462 4 25f*
m3 5+ 5f2+ /25— 46f2 4 25f*

m1:0,

r,

the parameter f is evaluated as

25 24
P~"p or —.
24 25r

m The additional mixing angle is too large.

tan(2¢) = Mf(i;f) ~-2v6 or 2V6.

May 13, 2013 Minimal neutrino texture Yusuke Shimizu



Toward minimal texture
One zero texture in normal hierarchy

m The general texture:

b+c e+f
2 2
Mp = b e |v.
c f
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Toward minimal texture
One zero texture in normal hierarchy

m The general texture: m(l)b+c=0
o e 0 e 0 e
MD = b e V. MD — b e Vv — % e v
c f b f -L f
2
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Toward minimal texture
One zero texture in normal hierarchy

m The general texture: m(l)b+c=0
bte syt 0 o 0 e
MD = b e V. MD — b e Vv — % e v
c f —b f % f
2
m(2)c=0:
b etf L etf
2 2 2 2
Mp=1b e v— |1 e v
0o f 0o f
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Toward minimal texture
One zero texture in normal hierarchy

m The general texture: m(l)b+c=0
o e 0 o 0 e
Mp= | b e |V Mp=|b e |v— % e |v
c f —b f -1 f
V2
m(2)c=0 m(3)b=0
b etf L etf ¢ etf L etf
2 2 2 2 2 2 2 2
Mp=1b e v— |1 e v Mp=10 e v— |0 e %
0o f 0o f c f 1 f
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Toward minimal texture
One zero texture in normal hierarchy

m The general texture: m(l)b+c=0
o e 0 o 0 e
Mp= | b e |V Mp=|b e |v— % e |v
c f —b f -1 f
V2
m(2)c=0 m(3)b=0
b etf L etf ¢ etf L etf
2 2 2 2 2 2 2 2
Mp=1b e v— |1 e v Mp=10 e v— |0 e %
0o f 0o f c f 1 f

m We focus on (1) texture.
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Toward minimal texture

0 =
=Wbre=0 MiTom(g 7). moo| ke )
S

m The left-handed Majorana neutrino mass matrix:

He+f)y le(e+f) i(e+f)f 2
M, = Mp(MZ*)*Mj = [ le(e+f) L+e  —Lltef e
e+ f)f —L+ef 1472 R

m Rotating tri-bimaximal mixing matrix Vrgm:

0 0 0
M, =Vigu | O e+ f) %\/g(e—f)(e—&—f) A‘;’72VTBM,
0 L/ie—fle+n)  1+i(e—fP ?
2 L 0
BB
=l TE B v
V6 V3 V2
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Toward minimal texture

m The neutrino mass eigenvalues: ™ ~ §(e +)2=r.

ms 4
m The lepton mixing:

1 0 0
Upmns = Viem | 0 cos¢ sing |, tan2¢ ~ \/g(e—f)(e—kf) =6
0 —sing cos¢

m Reparametrization including phases:

o 2re?i® — 3)\e? o 2re?i@ 4 3)\ef?
2V/3re2ia 2/ 3re2ic
m The relevant mixing matrix elements:
cos ¢ 1\ sin ¢ A
U = ~ - — — U = | — Y —
‘ 62| \/§ 3 2 ) | 63‘ \/g 27
cos¢  sing 1 32 A
Uil = + ~ =+ —=].
Vsl = R P ElF VT T T
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Toward minimal texture

Numerical analysis

We take the parameters:

Am? Am?

0.1 Ami <r<? Fﬁi:’ —0.4 < XA <04, fg<a<f, —r<s<
0.30— ‘
0.25\
020, N
€ 0.15¢ N\
? 010t
0.05
000 s 030 o032 034 036 000540 045 050 055 0.60 0.65
sin%0;, sin%03

Am, = (2.55755) X 1072 eV2,  Am, = (7.6275%) x 107° eV?,
sin® 01 = 0.320 & 0.05, sin” f»3 = 0.427 (0.613) 0.36-0.68, sin” 613 = 0.02467 %% .
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Toward minimal texture

033 and CP violation

m v0605:

m CP violation:

JCP =Im [UH3U:3U;2U-,-2] .

-0.04 -0.02 0.00
[Meel [MeV] Jep
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Toward minimal texture
Inverted hierarchy

m The condition of 2-3 deviation:
a+b+c=0, b=c, and 2d—e—f =0.
m The left-handed Majorana neutrino mass matrix:
6b> 0 0
2
My = Vi | © et Bie-Ne+N | view,
R
0 Lfie-Nern e f)

m The right-handed Majorana and Dirac neutrino mass matrices:

2 & 2
M,%“_MR(é (1)> Mp=| b e |v — 1 e |v.
b f 1 f
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Toward minimal texture

m Neutrino mass eigenvalues:

m2 1 2 2\ _
m3:0, E:ﬂ(Se +2ef+5f):r/

m The additional 2-3 mixing angle ¢:

2 (—e+f
ta”z‘b:\ﬁ(m)-

0.30
0.25 \
0.20¢ NG
& AN
2 015} N
‘B
0.10¢
0.05¢
0.00— : : : 0.00—— : : :
028 030 032 034 036 040 045 050 055 0.60 0.65
sin2012 sin2023
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Toward minimal texture

033 and CP violation

m v060:

m CP violation:

JCP =Im [UM3U:3U;2U7—2] .

0.30f
0.25}
0.20f
0.15F
0.10f
0.05f
0.00t
0

6013

sn

.00 ® J
10 20 30 40 50 60 -004 -0.02 000 002 004
IMeel [MeV] Jep

May 13, 2013 Minimal neutrino texture Yusuke Shimizu



Toward minimal texture
One zero texture with the Cabibbo angle

m The one zero texture (normal hlerarchy b+c
etf
10 :
M2><2 MR , MD — —_ e
01
- f
2re?’™ —3)e® 2re*™ 4 3)e” 3/\e’5
e=—r——, f=
2/ 3re?ia  2VBredie
m We take A the Cabibbo angle (A = 0.225).
0.30 0.30
0.25¢ ] 0.25:
., 020; ] ., 0.20;
‘b £ 015 » °° 2 015
7 010 1 "o
0.05; ] 0.05;
0,00 : : : 0,00l L
028 030 032 034 036 040 045 050 055 0.60 0.65
Siﬂ2912 sin2023
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Toward minimal texture

033 and CP violation

m v060:

m CP violation:

JCP =Im [UM3U::3U;2U7—2] .

0.307 ‘ ‘ ‘ g 0.30f
0.25; ] 0.25;
., 0.20} ] ., 0.20}
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Toward minimal texture
The Cabibbo angle and neutrino mass ratio

m The one zero texture (normal hierarchy) (1) b+ ¢ = 0:

0 etf

2x2 10 1 2
MR = MR 0 1 ) MD = ﬁ € V7

_% f

o 2re?i _ 3)\elf . 2re%i® 4 3)\eff

2v/3re2icc 24/ 3re2ia
m )\/ﬁ:r, 0 =2a:

(2 —3v2)y/rel® F_ 24 3\/§)ﬁe"“.

2V/3 ’ 2V/3
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Toward minimal texture

Numerical result

m Neutrino Texture:

0 \%\ﬁe"a
2%x2 10 1 2— 3\[ ic
M MR (O 1) R MD = 73 \/FE‘ V.
1 2+3f ia
7 2\ /re
0.30
0.25}
020} SN
e AN
2 0.157 A
‘B
0.10 N
0.05}
0.00t—— : : ; ) ‘ ‘ ‘ ‘ ‘ ‘
028 030 032 034 036 040 045 050 055 0.60 0.65
sin0y, Sin%0,3

May 13, 2013 Minimal neutrino texture Yusuke Shimizu



Toward minimal texture

033 and CP violation

m v060:

m CP violation:

JCP =Im [UM3U::3U;2U7—2] .
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o 020, o 020, \ t
£ 0.15¢ £ 0.15¢ :
? 010 ? 010 N e
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Introduction Lar and neutrin atrix minimal texture Summary

4. Summary

Conclusion

m The large 613 is given impact for us.

m We propose minimal texture which makes the connection
between masses and mixing angles.

Am2, A :
= = — = sinb;3.
Amgtm \ﬁ s

m These textures are motivated for model building.

r

We have presented the texture realized large 6;3!!

10 1 2
Mfz?X2 = MR <O 1) ’ MD = 751 €
~1
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Summary

m We want to build the concrete model not only lepton sector
but also quark sector.
(e.g. non-Abelian discrete symmetry As, Sa, A(54) ...)

m Please discuss with me the flavor physics.
(e.g. lepton flavor, CP violation in B mesons ...)

Danke Schon!!
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