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Introduction arge 013 and neutrino

1. Introduction

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
sin? 01» 0.320 0.29-0.35 0.27-0.37
Y 0.613 (0.427) 0.38-0.66 0.36-0.68
s 623 0.600 0.39-0.65 0.37-0.67
. 0.0246 0.019-0.030
2 -
sin” 813 0.0250 0.020-0.030 | 00170033
Am2 | [10-%eV7] 7.62 7.27-8.01 7.12-8.20
2.55 2.38-2.68 2.31-2.74
2 -3 2
|[Amen| [107%eV?] 2.43 2.20-2.58 2.21-2.64

19th August, 2013 Yusuke Shimizu 2 /13



Introduction

m sin 613 is nearly Cabibbo angle:

sinf13 =0.15+0.01, sinfc =0.225= \.
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m The relation between masses and flavor mixing angles:

Md . 0.225 ~ sin b
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Introduction

m sin 613 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!!
Am? A
Mol 0173~ S = sinfya.
Arnatm 2
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Introduction

m Before reactor experiments were reported 013 (|Ues| = sin 613),
the tri-bimaximal mixing (TBM) V,i.pi was good scheme.

2 1 0
NG V3
U - V.,.=]1-X 1 L
PMNS tri-bi 1\/5 \/§i \{i )
V6 V3 V2
Vel = 2 Uesl =0, Upal = 5
e2 _\/§7 e3| — Y, ;,L3 _\/§

m The left-handed Majorana neutrino mass matrix:

o s (L OO o (BT (100
MPPM = =201 0+ (11 e {0 0]
00 1 111 010

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

Prog. Theor. Phys. Suppl. 183 (2010) 1; Lect. Notes Phys. 858 (2012) 1.
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Large 013 and neutrino mass matrix

2. Large 613 and neutrino mass matrix

We can 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.
In this case |Ues| = 0, then it is unfavored.
m Case II: 1-3 mixing deviation from tri-bimaximal one.
In this case sin® 615 > % which is unfavored.
m Case llIl: 2-3 mixing deviation from tri-bimaximal one.

1 0 0
Upmns = Virini |0 cos¢  sing |,
0 —sing cos¢
sin ¢
V3

@_Fsingb
V2 V3

) ‘Ue3|: ’ |Uﬂ3| =

In this case, sin® 615 < %
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Large 013 and neutrino mass matrix

m We consider the framework of Split Seesaw:
A. Kusenko, F. Takahashi and T. T. Yanagida, Phys. Lett. B 693 (2010) 144.

Mgy ~ O(keV) < Mgy, Mgz ~ O(10* GeV),
YR <Yy, Yy
m Mg is the sterile neutrino: Dark matter candidate.

m Realized in 5D theory compactified on S'/Z,.
m We can separate the neutrino mass matrix:

ms = (Mi® 0 Mp = (Y1 Yia)v
rR 0 MI2?><2 ’ D= 3x1 3x2) V-

m By using seesaw mechanism:
M, = Yo (ME2) " (YP)]av? + 3 Y2 MR (YP) R,
0 \
Flavor mixing No effect on flavor mixing

m We can consider " Minimal Texture”.
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Large 013 and neutrino mass matrix

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

19th August, 2013 Yusuke Shimizu 7/13



Large 013 and neutrino mass matrix

One zero texture in normal hierarchy

0 e+f
2%2 1 0 1 2

Ib+C:0: MR = Mg 0o 1/’ Mp = \/51 e v.
- f

m The left-handed Majorana neutrino mass matrix:

He+f) le(e+f) L(e+f)f 2
M, = Mp(MZ*)*Mp = [ le(e+f) L+e  —L+tef
fle+f)f —L+ef L4f

R

m Rotating tri-bimaximal mixing matrix Vygm:

0 0 0
2
M, —vi, |0 e+ f)? L= N+ | v,
1 3 1 2 MR
0 L/ie-fle+n)  1+i(e—f)
2 1
I
= TE Y
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Large 013 and neutrino mass matrix

m The neutrino mass eigenvalues: ™ ~ j(e+ fF)? =
m The lepton mixing:

1 0 0
3
Upvuns = Viem | 0 cos¢  sing |, tan2¢ ~ \/g(e—f)(e—&—f) =6\
0 —sing coso

m The relevant mixing matrix elements:

cos ¢ A2 sin ¢ A
|Ue2| = ’ — = |Ueas|= ‘N )
2 V3 V2
cosq& sin ¢ 3)\2 A
Ul = ST
Yl =175 + 3 ~\3 % 2

m Reparametrization including phases:
2re?™ — 3)\e ; 2re?™ 4 3)\e?
e e —

2v/3re2ia 2V/3re?ie
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Large 013 and neutrino mass matrix

Numerical result

B \/V2=r,6=2a

_ (2-3V2)y/re o (2 +3V2)/rel®
23 ’ 23
m Neutrino Texture:
0 L freia
2%2 10 1 2 \3[\}[ ia
MR = Mg 0 1) Mp = 72 \ﬁe V.
_% 2+3fﬁe/a
0.307 ‘ ‘ ‘ 0.30
0.25 ] 0.25
., 020} \\ ] ., 020}
< N\ <
T 0.15F N i T 0.150
B N\ B
0.10} ] 0.107
0.05 ] 0.05
000,58 030 032 034 036 0.00™ ;%0 045 050 055 060 065
sin26,, Sin%6
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Large 013 and neutrino mass matrix

033 and CP violation

m v060:

m CP violation:

JCP =Im [UM3U::3U;2U7—2] .
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Summary

Summary

Conclusion

m The large 013 is given impact for us.

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

Am2, A

F= = — =sinb;3.
Amgtm V2 s

m These textures are motivated for model building.

Future work

m We want to consider contribution from charged lepton sector.

m What is symmetry or mechanism introducing these texture 7?77
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Back up
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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Back up
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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Back up
One zero texture in normal hierarchy

m The general texture: m(l)b+c=0
bte syt 0 o 0 e
Mp= | b e |V Mp=|b e |v— % 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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Back up
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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Back up
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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