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‘Va> :Zuaj|yi>7 |Va ZUO(_]‘VI —iEit

o 2MMDEZEEEXD (HMIREA 0)

|Ve(t)> = C050|1/1>e*iE1t +sin0|1/2>e7"E2t
V(1)) = —sinflvr)e” "1 + cos Buy) e
° ve — v, DIEBRHER
E—E
P(Ve Vs t) = |<Vlt(t)‘l/e(t)>|2 = sin® 20 sin? 27
Am?L
=~ sin? 26 sin’ Z___ . Am?=m? — m?,

m
E = /2 ~ 20
+m p+2E
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=a— U JiRE

o —a— LU DEEMEN
JIE P A — my < my < m3
EK%E'I‘% — m3 << m < m

s N

FEIRH — my ~ mo ~ ms3

o L7 MU DIRBITHI
Vo) = Uailvi) (a=e,pu,7, i=1,2,3)

1 0 0 i3 0 s;3e 7013 car s 0\ /1 0 0
U=10 Co3 523 0 1 0 —S12  C12 0 0 e'* 0
0 —sp3 o3 —S1 ez 0 1 0 0 1 0 0 e€°
3 3
C12€13 512€13 sj3e 0B 1 0 0
= | —s12023 — C12523513€™8  C12Co3 — S12523513€70 $23€13 0 e” 0
" s ,
512523 — C12C23513€'°%  —C1253 — S1203513€"°8  3C13 0 0 €
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EREIIRE 72 013 %R
e Daya Bay R D#EF ©Neutrino 2012

sin? 2613 = 0.089 & 0.010 (stat) 4 0.005 (syst).

@ RENO, Double Chooz, T2K & & 55 &

o =—=— NV JIRENERRD 3 AT -
|. Esteban, M. C. Gonzalez-Garcia, M. Maltoni, |. Martinez-Soler and
T. Schwetz, JHEP 1701 (2017) 087.

IRTA—H HFLME 1o 30
sinZ 01, 0.306 0.294-0.318 0.271-0.345
2 0rs 0.441 0.420-0.468 0.385-0.635
0.587 0.563-0.607 0.393-0.640
s’ 00 0.0217 0.0209-0.0224 0.0193-0.0239
0.0218 0.0210-0.0226 0.0195-0.0241
Am?2 [10~5%V7] 7.50 7.33-7.69 7.03-8.09
2.52 2.48-2.56 2.41-2.64
|[Amem| [107%eV?] 2.51 2.56-2.48 2.40-2.64
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o T2K EBRA CP DRt 2 s -

T2K

Fr T g T 5"’: M %7 MINOS V 90% CL
30~ — Normal 5 m si RV Super-K- V-90% CL—]
' — Inverted &  F e — T2K VI0%CL ]
25 % 45 4T T2K V'90% CL

F =, 4fO..T2K Vbestfi, sin’(@,) > 0.5 =
3 200 B F ]
2 7F g asf E
£ r < F ]
< 15H 1 =
S 5 % ]
ol 25 7
5; 4 2k *:
Sk PSR- 1.5F E
0: \A 1 Il 1 s L L L L L =

3 2 -1 0 1 0.2 0.3 04 05 0.6 0.7 08

dcp (rad) sinzﬁu or sinze23

dep =~ —m/2 (3r/2), NAFEEME,
@20 C.L., KEK colloquium, 2017 4-8 A 4 H

o RKxi==—"hFVU DIEREAMA : O3 ~7/b
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o JRTHFFEERT 013 (|Ues| = sinf13) DR E I NHE SN DHRTE
T, tri-bimaximal(TBM) IR& D& 2 53 picH) L Tz,

2 1 0
Ve 3
Uens = Ve = | =2z 55 o5
o i)
V6 V32
1 1
‘Ue2|:%> |Ue3|:0» |Uu3‘:ﬁ-

P.F. Harrison, D. H. Perkins, W. G. Scott, Phys. Lett. B 530 167 (2002)
o TM;: 2-3iBA Dlalis

1 0 0
Upmns = Viem | O cosa sina |,
0 —sina cosa
cos & sin« cosa  sina
Ua| = |—=| , |Us|=|—=], |Uus|= +
| 62‘ \f3 ‘ e3| \/g | p,3| ﬂ \/g‘

sin2 912 < % &733 D\ %Eﬁ%‘fﬁfﬂlf% 50
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o TM,y: 1-3iBA Dlalis

cosa 0 sina
Upmns = Viram 0 1 0

)
—sina 0 cosa)

1 2sin «

C el = |22
/3 3"%

sin® f10 > % L0 FOMENBEEN D,
e TM;s: 1-2 D[nliix

“42‘: ’ |Lm3‘:

cosa  sina O
Upmns = Vrgm | —sina cosa 0,

0 0 1
2sina cosa

V3
Ues| =0 £ 725 T LEWEBRE FET 5,

%ﬂ—‘

’ |U£‘I:Q

’_sina N cos o
V6 V2
1
Uzl = .
| #3| VQ
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[ sy 2-3 EADEE (BB
Be—y—#E e

L R — ) — 4

o —a2— MU JIREVERE BT S5/ MIONT A =2 LD
B EATH (texture) & 2 5,

o M L7 b DEEATINI R AR & ARUE,

@ 2 ODfEE~IATF=a— NI JEEA,

o fiBE~aTFf=a—hrI ) ODEEITH:

Mr = Mo (po 1>

e T4 T v/ =a—hFU ) DEETH :

a d
Nh)z e
Cc

o
-
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o fiB&E~vaTF=a— U ODEETH :
a’p+d?> abp+de acp+ df
M, = —~MpMg*M} = —— | abp+de b*p+e> bep+ef
O \acp+df bep+ef Pp+f2?

o Tri-bimaximal IR&17T4 :

2 1
Ve V3
V- _ | -1 L 1
Ve V3 V2
o TBMIEA{THITHEZE S :
A2 p+D? AyBup+D,E, A,C.p+D,F,
1 6 ;VEZ 2v3
f B; p+E, B, C,p+E,F,
Ml/ = VT M V = — — AVBVP+DVEV vP v vl P viy
TBM 'VIv VTBM
Mo 3v2 3 V6
A, C p+D,F, B,CoptELFy G ptFy
2v3 NG 2

A, =2a—b—c, B,=a+b+c, C, =c— b,
D,=2d—e—f, E,=d+e+f, F,L=f—e
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2-3 BEAOEE (IEREREE)

Bho—V B e

2-3{RA Dlnlts (AR 1)

o TBMEEITHING 2-3{RAEDEEREZHE 25 (AFEEME)
FRATHIO (1,1), (L,2), (2,1), (1.3), (3,1) Bessaie o & 7
D5

A, =2a—b—c=0, D,=2d —e—f=0,
o ==— KU/ OEEITH :
0 0 0
/\”/IU:Mi 0 2((b+oPprletf?)  H/3((E@-Pp-e+r)
0 %\/g((c2—b2)p—e2+f2) I((b=c)y’p+(e—f))
o —FRW\W=a— ) OEHEEMITER,
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o fEE~VIT S =a— NI VT 4Ty I =a— Y JDE
BOHER(p=1):

btc  e+f

1 0 2 2
MR_MO(O 1), Mp=| b e
c f

M _ ﬁ 0 %[82€2i¢3(1 —|—j)2—|—(k+1)2] %\/3[82621'(?3(1_./-2)_[(2_’_1]
0 1\/3[B2e(1- ) - K1) L [BReFOR(1— )+ (k— 1)

o EEBEI VT M OMAHDOHERITEY, el FIIFHTH L
[NESE S o
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B y_gn 23 BAOHE (RREE)

BT

o =a— U ) DBEELTHI M, &5t 5475 :

L (A 0 0
V23If 0 1 1% 5 .A:\/1+|V|2
A\o -y 1

Vit k, j, B, g TEIILD,
e PMNS 1741 :
Upmns = Vrem Vaz
o ==— kY OEEEAHE
m =0, mimj= %(j — k)*B*f®,
m% + m%
6 [34(5j +2j+5)> +2B?(5jk + j + k +5)* cos 2¢ + (5k* + 2k + 5)?]

o PMNS18L ==2— KU OEEITBEHEL TV D,
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o A[RE/R/NZ —
()b+c=0, ()c=0 () b=0

e T 4T v/ =a—hF ) DEETH :

0 etf
2
b e (b+c=0
—-b f
b e+f
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o () ==— 1MV s DHEETH
0 0 0
2
DA I (R S NETUES)
T\0 ~3/3e 1) 28262 4 L(k 1)
(J=b/c=-1
0 e—;f
MD = b e
b f

o King 5 ™" Littlest seesaw model”
S. F. King, JHEP 1602 (2016) 085, P. Ballett, et. al, JHEP 1703 (2017) 110.

0 f
Mp=1| b 3f
—b —f
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b g{zﬁgﬁw@ﬁﬁ VRS

R AE T

o PMNS 17453 U,;:

Ueo|? .
]_—|eLI|32 s 5223 = SII’I2 923 =
e

5123 = sin2 913 = |Ue3‘2

‘U/J3|2
1—|Uesl?’

5122 =sin% 0, =

o 74T v CP{iH dcp 13 Jarlskog FZE ) B ZHELFTBE -

Jep

sindcp = Jep = 1Im [Uel Up2 ;1U:2] )

2 )
523C23512€12513C13

cosdcp 1E |U|> = 1/6 W HikE 5,
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Bho—V—BE |

o H MO TE (30). ik KO T 5 (1o), #f 1 EBRD 30
(global analysis, 1o (T2K) . %& : "Littelest seesaw model” ™
TE
(a) Sin2 023_5CP. (b) B—(Scp

(a) ' ——e
150 150
100f [T 100f " EL&R
— 50} \ — 50 —
§ g °
-50F © _50f=
-100 W-/ -100 \'LH .
-150 -150
0.35 040 045 050 0.55 060 065 150 —100 —60__© B0 100 160
sin?6,, B

AHKEN TN —V—EROBEITEITT



2-3 REOEE (ERERETE)
HABRRAT

RN —Y—1E

o H : HMDTE (30). ik : LD T = (1o), #~ : EBRD 30
(global analysis), 1o (T2K) . %5 (k = e/f = —3) : " Littelest
seesaw model” D 75
(C) k—sin2 923, (d) k—5cp

0.65 : (d)
T 150
0.60¢ ! 100 /
055 i ~ 50 —
S ! =
o 0.50 i § 0
2] - v
045/ -50 w \
-100
0.40; { b
-150
0'3515 -10 -5 0 -15 -10 -5 0
K K
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Bho—y_im 23 BADEE (EREH

BB AT

o OUBB MEEDHNE & -
|Mee| = |m1Uel + mzu\,f2 + m3U§3|

2/5CP|

2’5CP ’

= |m2C135126 + m3513e

° va T FNLFE BITFEINE & [mee| LBIEL TS,
RO E (30). VIR ERO 1o
(T2K) . %8 (k = e/f = —3) : "Littelest seesaw model” D=
(e) sin 2¢B—5CP, (f) 5Cp—|mee|

() , ®

150

100}’ e 0.003

50 M ke-1 0 i~
>

= 0.002 !
-50 o N £

-100 for / 0.001
-1<k<@

-150 kel

écp [°]
o

-150 -100 -50 0 50 100 150
sin2¢g Sep [
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o FITDJFEFHFEERT 013 P REWZ LM LT,

o ==— bV VIREVERZBIT DR/ — Y — A S
L7,

o ZOBEITIET 4T v CPAAAD bcp ~ £1/2 & TET 5.
o BMIREEEIZ L s T REREF_N— g 005 LT 5,
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L/E analysis: SK-1 4+ SK-Il + SK-II

S.Yamada, MORIOND EW2010 -
Zenith Physical Region (10) .
Am?, = 2111 » 107 e I
23 *ie 019 1 10 10 10 10
; L/E (km/GeV) (SK 1+2+3
sin*20,, > 0.96 (90% C.L.) HE (km/GeV) (S 1+2+3)
200} Multi-Ring e-like 1 Multi-Ring p-like

L/E Physical Region (10) )
Am3, = 219571 x107 ;@mﬁ%@t

sin20,, > 0.96 (90% C.L.)

o I

0 - 0
cos zenith cos zenith
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KamLAND

Survival Probability, Pee

14F
1.2F

08
0.6
04

021

17
-

Data - BG - Geo ¥,

CHOOZ data

Best-fit oscillation

™ accounting for energy
spectrum and
reactor distribution
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MINOS

>udan, 735 km

Ferm
5.4 kton far detector, 1 kton near
2.54 cm thick steel plates (1.4X,)
1.2 T solel

idal magnetic field

MINOS First v, Appearance Search

Events/GeV

Data Excess

Far Detector MINOS PRELIMINARY

¥
F 3.14x10® POT LEM Sesected

- Data

Reconstructed Energy (GeV)

Observed: 35 events
Expected background: 27+5(stat)+2(sys)
1.5c excess

HKEN &I



BHIO=o2— Y 21Z201042 A 24 HICEH <7

T2K

(ICRR, Univ. Tolg)]

2.5 degrees off-axis from J-PARC beam
295 km baseline
E~ 0.75 GeV narrow band

22.5 kton Super-Kamiokande far detector; hybrid magnetized near detector at 280m
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J- Daya Bay (China)

g\ENO (South Korea)

1 xm
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@ sinf3 1T ERAREE:

sinf13 = 0.15+0.01, sinfc =0.225 = \.
o 'HiE L HARIES OB :

S 0,225 ~ sin b
ms

o —a— Y VHELHMREAIFERL WSO TIE !

A .
,/A;$i1__0416310(¢X) = sin? 0o
=
o —=a— VU JIRENERRZ FILT 5 texture DL
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o Zero texture (sinfc = \/mg/ms): 2 /35 A —4

S. Weinberg, HUTP-77-A057, Trans.New York Acad.Sci.38:185-201, 1977

0 A 0 mqgms
Ma = (A B) < mgms ms )
o 3HARITHEIR : 3/8F A =X
H. Fritzsch, Phys. Lett. B73 (1978) 317; Nucl. Phys. B115 (1979) 189

0 As O 0 A, O
Md = Ad O Bd bl Mu = Au 0 BU )
By Gy

Vis = /4 [T 0,185, Cb,,/ms 1/'"C~0065
mg me myp my

o Fritzsch texture X7 #— 27 &7 # —TIL EF AT/ 720,
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L vt H—

M. Fukugita, M. Tanimoto, T. Yanagida, Prog. Theor. Phys. 89 (1993) 263.
o MBELF T 4Ty =a—F ) OEEITH:
0

0 A O 0 A
mg = (Ag 0 Bg) s myp = (AV 0 BU
0 B G 0 B, C
o LiBE~a TS =a— I OEEATHNIHRAMATINZ LB
) &{ﬁﬁiﬂ : MR = Mo].
o fiBk& ~vaAT =a— N VOEEFRAME : v — Y —HiE

T T pp-1
m; = (UU m,p Mg m,,DUl,),..

e Pontecorvo-Maki-Nakagawa-Sakata(PMNS) 1741 :

1 0 0
Upwns = UjQU,, Q=10 €7 0 |.
0

KB TN —V— BRI OBEITEITT



L7k DIRELTH

M. Fukugita, Y. S., M. Tanimoto and T. T. Yanagida, Phys. Lett. B 716 (2012) 294.
@ VU — T AXA—H m, 0, T 10

0.9¢ .
U (m1)1/4+(me>”2 o £
e2 >~ — | — e, o

my my, (SQ,\E“ 08
1/4 1/2 & 0.7t
P A S T ?
u3 = € e,
m3 mr 0.6f
1/2 1/2 1/4 E
m, my m 05
Ues =~ (—e> Uus + (—) (—1) . 000 0.02 0.04 0.06 0.08 0.10 0.12 0.14
My ms ms my/mg

o MEBL R MHDEHE

1/2
me Am?
<mu> ~ 0.0695, sin? O; ~ ¢ ﬁ =0.416 ~ O(VA),
atm
1/2
(”:’u) ~ 0.244. sin 613 ~ (sin 623)° sin 61, ~ 0.158.

o ==— kU OEEREMEIIIERSE,
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L7 kv Z—D CP O

M. Fukugita, Y. Kaneta, Y. S., M. Tanimoto and T. T. Yanagida, Phys. Lett. B764 (2017) 163

o L Nt s X —d Jarlskog R &
Jep = 1m [Uer U2 Uz, U;l}
= sin B3 cos B3 sin B12 cos B2 sin 13 cos? O13 sin dcp,
0.40 < sin® 6,3 < 0.47,
0777 < dcp Smym S oep S 1.247
(RFRIZ NOVA D 1 o DFER)

0.8
0.7
b
0.6 -
®
>
~_ 05
c
B Wﬁ
0.4 S R ——
0.3
0.2
0 w2 b 32 2n
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Vacuum alignment of flavons in S, group

@ 3 x 2 Dirac neutrino mass matrix is given by introducing
flavons with VEV alignment in the framework of the
non-abelian discrete symmetry Sj.

@ 54 can be defined as the group generated by three elements
S, T, and U which satisfy the algebraic relations as

S?=T3=U?=(ST)*=(SU)> = (TU)*> = (STU)* =e.

@ These generators are represented on 1, 1/, 2, 3, and 3’ of Sy:

,1U: S=1, T=1, U=,

. (10 (w0 (0 1
250 1) =0 2) 00 o)

: 1

' 3
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@ Tensor products:
33 — 1, I3 =1, 33 =1,
@ Clebsch-Gordan coefficient:

a1 + 283 + azfa

where «; and 3; are elemets of 300,
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@ 3 x 2 Dirac neutrino mass matrix is given by introducing
flavons with VEV alignment in the framework of the
non-abelian discrete symmetry Sy:

btc
2

o (1)
c

e This VEV is preserved by the SU (US) symmetry:
1 -1 2 2
sus)=%3|2 2 -1/,
2 -1 2

for 3 and 3’, respectively, while this is broken by T and U.

@ This flavon has the residual Z, symmetry {1, SU} after Sy is
broken.
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Let us reproduce the Dirac mass matrix by introducing those
flavons. Suppose that the left-handed lepton L, ¢atm, and ¢go1 are
3’ of S4, while the right-handed neutrinos vg; and vgy are 1 of Sy.
The Higgs fields H, is also 1. For the 2-3 family mixing in NH, the
Dirac mass matrix is reproduced by the Yukawa couplings

Yatm Ysol
d/t\ STO¢SOILHUVE2 )

¢atmLHuV}%1 +

+

) ‘HI\"

where ya.im and yso1 are arbitray coupling constants, A is the
cut-off scale of the S5 symmetry.
The VEV's of ¢atm and ¢ are
btc etf
2
<¢atm> ~ c ) <¢sol> ~ )

b
since the S singlet contraction 3’ ® 3" implies
Lo = L1¢1 + Lags + L3ga.
The 2 x 2 diagonal right-handed Majorana mass matrix is
reproduced by help of the auxiliary Zo symmetry in NH.
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