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Current 613 measurements

PRDS6 (2012) 052008
sin®20,, Measurements

» T2K 0.088+0.049-0.039

arxXiv:1304.0841 Double Chooz Jun. 2012 ——
e D-Chooz 0.109+0.030+0.025 oumie shoseToR ST B
PRD86 (2012) 052008 Daya Bay Mar. 2012

e« RENO 0.113+0.013+0.019
PRL108 (2012) 191802

+ Daya Bay 0.089+0.010+0.005

RENO April 2012

. T2K (2011) Normal hierarchy —o——
Chin. Phys. C37 (2013) 011001 .
l T2K (2011) Inverted hierarchy == ----
9 13 =~ 9 © MINOS (2011) Normal hierarchy

MINOS (2011) Inverted hierarchy

It was just below the previous limit!

* Very good news for future neutrino

programs for CP-0 measurement -0.6 04 0.2 0 0.2 04
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3OD=a—bFY Ik B

P(v, — ve) = 4C};S7,S3, -sin® Ag Leading _.- CP violating (flips sign for V)
+8C{3512513523(C12C23 cos § — S2513523) - cos Az - sin Az - sin Agy
—8C73C15C23512 513 S24f5in ) sin Ags - sin Agq - sin Agy
+48%,C%,(C;,C34 + S7,5555%, — 2C12C23512523513 cos §) - sin? A821 I

olar

al
—80123532533 . E(l — 25%3) * COS A32 - sin A31
Matter effect

2 o2 o2 @ 2\ .+ 2
+8013513S23W%3(1 — 2513) S11 A31

Leading |sin’6,,sin’26,,sin® (

CPV

: sin” 26, , sin sin—=—sin
2sin6,, T A4F 4F
~0.03

w(Am; |sin26,,sin260,, E, . .

~ Amill e ; sin923 IE | leading |sin 6 -0.04| (sin?203=0.1,0=T1/4)

3 23 13
-0.06" ce b b b b e b e b
; Elstmax - 0 1 2
Tl lading [ xsin Ey (GeV)
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T2K @D Ocp KT Z) ??‘E‘P‘ﬁp

3.9 x 1021 POT both v + 7 5 ;e
Z0) - ]
5 15 100 w/ reactor' O|3 NH -
1001 50 H -
50; 0:_ i
: ) -
0 0134, 7 -
-50¢ :
_10(); '100E ]
-150¢ N -150¢ | | E
0 005 01 015 02 025 03 035 04 0 0.15 0.2 0.25
2 2
Sin"20, ; ~ sin“20,,
in20,3=0.1, 0cp=-90°, sin2023=0.5, Am?23,=2.4E3eV?
S = S e : 50% POT v + 50% POT %
~ — —sme ,=0.40 _—_
= 95_ $36CL. -
\ \\\ _ o , - 85_ —sme ,=0.50 °
) ’Ij( (.- J:n{lj: CP@EX 7_ ::ltr;teE::)ZOnly 3
L 65— . . T ..
\\ - ==== i "
;I/L LL—ZN3O-0>/|_,\ XT;L_ ‘5‘2: Projected Sys. Errs. __.———‘———___:
Z 3 M —
. P P 5
1
06"'"1""'2"":'5""A""é""«'s""%"'é""b"'io

x 10*! POT
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No Sys. err W %Ju DJ ﬁg’l"-’:
1E+22 —%@

@ S.tarting point corresponds to .
9E+21 ZF@@@ZZ sin%0,,=0.39 (current 90% C.L. limit)
8E+21 | TUIotAC | : S
2E+91 {.90% for non-max. 0, |
6E+21
5E+21
4E+21
3E+21
2E+21
50 for v, appearance
0 -
%QQ
& Q
T
LINAC Energy upgrade 400MeV MR rep. ratelupgrade 1.28 sec cycle !
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MK Measurement of Am?23;, 053

- -3

o 2.6?1'0'3|"'|"'|"'|"'|"'|"'|"'|"'|"'|"':N% 2‘6?10' L
255 True sin203=0.5 Hyper—K only = E 2.55ETrue sin2023=0.45 — Hyper-K + reactor E
< 250 = 2,50 E
s HK+reactor 1 - 1
245F - 245F =
(G O
2355 = 235F =
23F = 230 =
2250 = 2255 3
) PR RN TR B SR ETRTEN AN S RN I B 2 E, e e ,E
0.4 0.42 0.44 0.46 048 0.5 052 0.54 0.56 0.58 0.6 0.62 ¥35 04 045 05 055 06 065

.« 2 o 2
S 923 sin 623

Expected | O uncertainty
True sin® a3 0.45 0.50 0.55

Parameter Am?, sin” 03 Am?, sin” 03 Am?, sin” 03
Normal hierarchy 1.4 x 107° eV? 0.006 1.4 x 107° eV? 0.015 1.5 x 107 eV? 0.009
Inverted hierarchy 1.5 x 107° eV? 0.006 1.4 x 107° eV? 0.015 1.5 x 107° eV? 0.009

cf. T2K 2014 result: Am?3;=2.5120.10% 1 0-3eV?, sin20,23=0.514+0.055

Masashi Yokoyama (UTokyo) Long baseline experiment using Hyper-K and |-PARC, 18th J]-PARC PAC 23
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Candidate site:

Site and Cavern
~8km south of SK

Rock mass characterization

= Cavern stability
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Cavity design studied based on the in-situ

=" measurements of rock quality and stress
HK caverns can be constructed with existing technology
Masashi Yokoyama (UTokyo)

Long baseline experiment using Hyper-K and J-PARC, 18th J-PARC PAC



HVPER

Measurement Facility A.'ea\

CROSS SECTION

48000

Detector design

AR ’_§
——
T N\ ;@ Baseline design established

cturs for PAMT ";"@ i
. H == ¥ 1z @ Construction possible with

SheE=) current technology

X \\ "ég.'_?_c'_t §

p— el :
FE N e ® Some R&D for enhancing the
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Masashi Yokoyama (UTokyo)

capability and reduction of the cost
® New photo-sensor development

® Possible new near detectors

Long baseline experiment using Hyper-K and |-PARC, |8th ]-PARC PAC 8



Selected as one of 27 top projects
In Japanese Master Plan
for Large Scale Research Projects
by Science Council of Japan
(Feb. 2014)

=

i

£ 22 B KRB MR HEIZEET S
YRE—TS5 Y
(RRB—T5> 2014)

Tk264% (2014%) 2H28H

B & %

= &

HPEERER

FMOXBEMREAERFAIHE

stci'f?g' . . S . Project Financial Implementing Institution,
No. Field Project Name Project Summary Scientific Significance Social Value Duration Requirement or Affiliation of
No. (1billion yen) Proposer
The project aims to The project will explore [Addressing profound questions Total-1.880 Lead by the
construct a one million [CP violation (matter— concerning the elementary C t ’ N Institute for Cosmic
ton—scale water antimatter asymmetry) [structure and evolution of the folrjls ruc_lon Ray Research,
Nucleon decay |Cherenkov detector, in neutrinos in order to |universe appeals directly to zamsi/cflfarnde University of Tokyo
and neutrino |Hyper—Kamiokande, to |help understand the the inherent intellectual 800, Operating and the High Energy
oscillation succeed Super— evolution of the curiosity mankind harbors for 2015 to cos”t of Hyper— Accelerator
85 | 23-2 |experiment Kamiokande and to universe. Additionally, |comprehension of its origins 2038 Kamiokande Research
with an perform world—leading |with the world’'s best and future. Additionally, 450, Operating Organization.
advanced large |neutrino and nucleon nucleon decay searches |dramatic advances in neutrino t of J- Participation from
detector decay research in it also aims to establish |research with a world—leading EC:RC 600 domestic and foreign
conjunction with the J— [the unification of project in Japan represent Neutrino ’ universities and
PARC accelerator elementary particles and|society’s dreams for a rich ttor 30 research institutions
facility. their forces. program in basic science. monitor is anticipated.
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MK Notional Timeline

( Full survey, Detailed design
\v/
2013 [ 2014 | 2015 | 2016 [ 2017 | 2018 | 2019 [ 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026

)[ ~7/ yrs construction J

JFY
2012

Cavity |excavat|on

[ = == = == - % —l\>( Operatlon j
Survey, D¢tailed design Access tunnels Tank construction ﬂ

waterflfilling

;hoto-lnsor developn e|nt sensc»r:ins>tall tion

IL
Photo-:lensor Hroductipn

J-PARC Upgrade

220kW 730kW arld beond I

-2015 Full survey, Detailed design (3 years)
-2018 Excavation start (7 years)
-2025 Start operation

Masashi Yokoyama (UTokyo) Long baseline experiment using Hyper-K and J-PARC, 18th ]-PARC PAC 26
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B E 4} (Surprise!)

® MO ( A—L YR EEDEN)
*HLWMEE/EHORR

® SR EOHFEDE S
*FHER=-1—MN)/ER
*HLWNZATD=—a1—K) /R
*—a—FJ/EEDAIE

*HADZEEmMEESBERD= 21— /RFF
LI FTHERAERICHEIAIEEMEX,

CE)2011F Za—k)/ARRZTBAT =0,
Za—kJ/EFRZFZT D o>TLVEL !
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Introduction (GUT seesaw) TeV GeV

keV <eV Summary

What could we still observe?

@ Decompose y = 1 U, moeR /M),

= oscillation experiments constrain some parameters

@ absolute mass scale: # vg-flavours > # non-zero m;

@ lepton flavour violation

@ if lepton number is approx. conserved, m, is protected by symmetry

Wyler/Wolfenstein, Mohapatra/Valle, Branco/Grimus/Lavoura,. . .
@ 11 — ey may be observable smirnov/kersten, Abada/Biggio/Bonnet/Gavela/Hambye,

Gavela/Hambye/D.Hernandez/ P.Hernandez, Blanchet/Hambye/Josse-Michaux

@ neutrinoless double 5-decay
constrains

Mee ~ — ) MI(UV)Ze/

|Uel|2

Blennow/Fernandez-Martinez/Lopez-Pavon/Menendez 1005.3240

39

1073 |
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10-12 i Complete [/

Extra v only

106 1073 1 103 106 10?
my (MeV)
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