T2K and

J-PARC neutrino experiments

Masashi Yokoyama
Department of Physics, The University of Tokyo

= iy = SCHOOL OF SCIENCE
( ’ THE UNIVERSITY OF TOKYO THE UNIVERSITY OF TOKYO

XVI International Workshop on Neutrino Telescopes
2-6 March 2015, Venice



]-PARC



%= 3 Accelerators
M 3(+ 1) User facilities

f 4 ' Materlals & Life Facility
& {[ neutron*muon

PR, SRR
. Qf'

)
— g
wd S - - —
o
:
.
st

C -
2 ." '-'"."-"' L .
- " L. - .\
.
- -~ -
j o e
M
- -
- - - . \ ‘ g -
" ' . Y
o ' - }
: . A ’ L.
- S
» { .'-‘ \"* :
SN ' e . .
¢ a*
’ . () :
3 - -
- R :. ' ' ‘ ."’:.7;. N {
] \ V. - e .
. '
e b . g
.
5
,
o« ukY 1 -
.

30 GeV synchrotron

B  Neutrinofacility |
(TZK) p’ MR(0.75 MW)

Y s

J-PARC neutrino experiments, M.Yokoyama (UTokyo) g %six ¥



LINAC and ion source upgrade

The ACS system

The ACS (Annular-ring Coupled Structure linac) system lBefore installation
=

- Frequency : 972 MHz L .
- 21 accelerating modules ‘

® Linac energy increased with om0

Coupling slot

ACS installation in 201 3:
|81 MeV — 400MeV '

Beam axis

® Front-end system replaced
With a NEw one to increase ™ [ 400-MoV acoeleration was achieved on Jan. 17, 2014. |
the Peal( Cu rrent in 20 I 4: New front-end system of the linac

During the 2014 summer shutdown period, the front-end system of the linac was replaced
to increase the peak current to 50 mA.
3OIIIA ’ SOIIlA 4. |RFQ optimized for 50 mA

Achieved higher beam intensity

R B R S S,

50 mA (Oct. 15)

U —

t. 10)

ew front;end system in the tunnel.
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Number of particles / pulse (x1013)

RCS (3GeV) power increase

| Demonstration of 1 MW-eq. beam |
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BLM signal (a.u.)

BLM signals @ collimator & arc sections

02 4 6 8

Mainly from foil scattering during injection
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Longitudinal beam loss
For 1-MW user operation,

reinforcement of the anode power supplies
of the rf power amplifiers is necessary.

| MWV operation of RCS foreseen in FY2015
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Main Ring (30GeV) high power trial

Beam power in

Run60 Shot0016;

20

265kWV operation
achieved

Present user operation

MR power |Inj. loss Accel. loss

265 kW ~100 W ~300 W

MR DCCT IE13 protons

290 kKW ~ 150 W ~ 500 W

310 kW ~200 W ~900 W

1.8 2
Time (s)

More study time is needed to optimize chromaticity correction, betatron tune, rf patterns during

acceleration.
>|I he 300 kW user operation will be started soon.|

For higher beam power > 300 kW, manipulation of bunching factor using second harmonic rf
system is necessary.lOperation with a second harmonic rf system will start in JFY201 5.|
>300kWV operation expected in 2015
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260I<W —> 320I<W operatlon'

Operation Status / £ &E&H158H

. Beam Destinations of Accel. Run 61 15/03,/03 22:12:01
Ver.2.7c1 (Mar.2015)
MR Beam Cycle and Mode
LI MacroPulss '
'MLFS(X)us' 32 I I(W
| MR 500 us, '
LI Wl C Cycles
1 o Ll 2480 ms
: 0 BMR 2480 ms
sszma ] O o o R e LOKRKWE - S
o2/ 0 gf| beam to NU
Beam Information
MLF-Off
LI RCS MR N 24/32 beam
LI ED 90deg 3NETD AC MR ExtAbt Power Trend (1 hour) <MLF&GEKW,/ MR 360k
LI BD100deg 3NETD DC MR InjDmp o —~ :
o || Reswooms| NG = ’ 430kWV possible
L B 1o Tam [ .
MLF 60
e — . I @ |F beam loss is reduced
LI LEBT HD(K TGT) % I nn4an -un -mn -zn -.V'.::u;ﬂl'l:‘"]?;ll RN AZn 40 AN

Installation of compensation injection kicker scheduled in Apr. 2015

Aim for ~350kVV before summer 2015
7
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MR power mid-term plan
Mid-term plan of MR

FX: Rep. rate will be increased from ~ 0.4 Hz to ~1 Hz by replacing magnet PS’s, rf cavities, ...
SX: Parts of stainless steel ducts are replaced with titanium ducts to reduce residual radiation dose.

Li. energy Li. current
upgrade upgrade
FX power [kW] (study/trial) 150 200 200 - 240 200 -300 750
(400) .
SX power [kW] (study/trial) 3 (10) 10 (20) 25 (30) 20-50 100

New magnet PS for high rep. installation/test

Cycle time of main magnet PS 3.04 s J Manufacture ﬁs

Manufacture
installation/test

Present RF system

Install. #7,8  Install. #C
New high gradient rf system R&D

Additional Add.collimato Add.collimat Back to Add. Add.

Ring collimators shields rs and shields ors (3.5kW) JFY2012 coll. coll.
(2kW) C,D,EF (2kW) CD EF

InjeCtion system |nj_ kicker 4 Kicker PS improvement, Septa manufacture /test ﬁ
FX SyStem * Kicker PS improvement, LF septum, HF septa manufacture /test ~
SX collimator / Local shields SX collimator # Local shields »
Ti ducts and SX devices with SX septum Beam ducts Beam ducts ESS
Ti chamber endplate
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Long-term plan

Several ideas under discussion, towards multi-MWV facility

® RCS energy increase to
reduce space charge effect

o ~| . 5MW

® New Booster Ring (8GeV)
between RCS &MR

e >)MVW

® New SC proton linac for
neutrino beam
(Conceptual study)

® ~9MWV linac with
>9GeV energy

® Using KEKB tunnel?

J-PARC neutrino experiments, M.Yokoyama (UTokyo) g %six ¥

MR injection energy and beam loss

MR-mgerr:¥1=140kY,¥2=91kV,Np=4,161E13, Tuned376; RCS-mge 6 O Gev eCol1210pis

(simulation)
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Survival ratio
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3.6 GeV Inj: Ave Inj loss 0.38%
(Total loss ~ Inj loss x1.5: 0.92 kW
for MR 1.2 MW @1.2 s cycle)

|

3.4 GeV Inj: Ave Inj loss 0.75%
(Total loss ~ Inj loss x1.5: 1.7 kW
for MR 1.2 MW @1.2 s cycle)

3.2 GeV Inj: Ave Inj loss 1.5%
(Total loss ~ Inj loss x1.5: 3 kW
for MR 1.2 MW @1.2 s cycle)

i

3.0 GeV Inj: Ave Inj loss 3.2%
(Total loss ~ Inj loss x1.5: 6 KW

30

0 0.04

Time [s]

0.08 0.12

for MR 1.2 MW @1.2 s cycle)

8GeV booster rlng

Beta & DlsperS|on for 1- superperlod

g »sf H& V.

W

L l

E sQ_\\ >
= 20 A g
< 15| | el
10

J .

| -

100

nnnnnnnnn

uuuuuuuuu

(x.x")

ojo-phbpoteoploprhbpodope oy hbge e
Phase plot @ inj.(3GeV) & extr.(8GeV)

(vv)

120 160
s (m)

j Extractlon energy8 GeV

— Transition gamma ~15 GeV

0
0 20 120 40 160
—_ 4
g 35¢F
~ 3
2.5 +
= 2f
151
i L
05f e
0F
05E ”
Y7

Injection energy 3 GeV

Z Collimator Aperture 126mm.mm.mrad &L

Physical Aperture 189 Tm.mm.mrad

SAVD dY



Neutrino experiments at |]-PARC

® E| |:Tokai-to-Kamioka (T2K) Long Baseline Experiment
® 132,T49:Lig. Ar TPC R&D (test beam)

® E56:A Search for Sterile Neutrino at J-PARC Materials
and Life Science Experimental Facility

® P58: A Long Baseline Neutrino Oscillation Experiment Using |-
PARC Neutrino Beam and Hyper-Kamiokande (—Shiozawa-san)

® T59:A test experiment to measure neutrino cross sections
using a 3D grid-like neutrino detector with a water target
at the near detector hall of ]-PARC neutrino beam-line

® T60:An emulsion-based test experiment at |-PARC
® Lol:A nuPRISM Detector in the |-PARC Neutrino Beamline

J-PARC neutrino experiments, M.Yokoyama (UTokyo) g %six ¥ 10
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B J-PARC 30GeV PS
" (KEK-JAEA, Tokai)

~

N35°

Super-Kamioka R D | 3=
(ICRR, Univ.Toky SHREEENS - 295 m

8 Tokai-to(2)-Kamioka

Intense proton beam from |J-PARC
High quality off-axis beam
High performance near detectors
Gigantic, high performance far detector, Super-K

J-PARC neutrino experiments, M.Yokoyama (UTokyo) ©g#six® 12

.@ Imperial P. ace  l&kyo, Japan
"




T2K Collaboratio

.
X N
. ( " \ \ )
. 1 - . X » ~ /
s '8 "

e s \

- ’ » . -~ . »
. N S\

il . | o

Spokesperson: T.Nakaya (Kyoto) (from Feb. 2015)
International Co-spokesperson: C.K.Jung (Stony Brook)

J-PARC neutrino experiments, M.Yokoyama (UTokyo) ©g#six® 13




Accumulated POT (2010 Jan.—2014 Dec.)

Total Accumulated POT for Physics
v-Mode Beam Power
x 107 o V-Mode Beam Power

‘ 4300 ~

g - HD accident 1 =

= 80__ .................................................................................................................................................................................................................. —— 250 ed:

0 - O

S oo Lo 2

- . 'S ' 150 &

o 40| B 2P

c_g - Anti-neutrino data |100 A
= Results coming soon!

g 201 : « =50

O ;

< 0% T st s )

< 2010 2010 2011 2012 2012 2012 2013 2013 2014

Jul/02Dec/31Jul/02Jan/01Jul/01Dec/31Jul/01Dec/31Jul/02

Time
V mode :6.9%102° POT
1.7%10'* protons per pulse:

V mode : 1.8%x102° POT World record!
Total : 8.7%102° POT
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Anti-neutrino data taking

: 64314 | Time : Wed 2014-05-21 06:03:20 JST | Partition : 63 |Trigger: Beam Spill

Anti-V event at ND First event in anti=V run at SK

|
I
|
|
l
I
[
i
i
B
B
O
FCFV Events for Run5+6 [

35§: 40 FCFV events at SK E |

0= - May 2014

25;— —;

z: 1.8x102°2 POT § Now accumulating more data

Sk by Dec.2014 _ Analysis ongoing, stay tuned!

Total POT
J-PARC neutrino experiments, M.Yokoyama (UTokyo) HEKF 15



Neutrino oscillation analysis

Near detector
systematic uncertainties
Neutrino flux Neutrino cross
prediction o Section models
Fit of hear detector data
Far detector

systematic
uncertainties

Fit of far detector data
using PMNS model

Oscillation parameters
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J-PARC neutrino beamline

Muon Monitor Horn : Beam monitors

Si array
+ IC array

Helium cooling

proton beam

Graphite, ©26 x
900 mm long

Beam Dump 110m length

J-PARC neutrino experiments, M.Yokoyama (UTokyo) ©g#six®



T2K beamline status

® All horns were replaced with improved ones in 2013-2014
® Remote handling procedure was established.

® Now 500kWV acceptable, improvement for 750kVV ongoing
® [ncrease radioactive water/air disposal capability

® [naccessible part (decay vol., beam dump) designed and
built for multi-MW

J-PARC neutrino experiments, IM.Yokoyama (U IOKYO) g REX¥ 18



[events/1e14 POT]
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Beam stability (Jan.2010-Dec.2014)

b b bk

hmmdbhbb

s Horn 250kA

"+ Horn250kA
< Horn205KA !

Horlzontal beam direction . —+ INGRID
| —o— MUMON !

I
I
$
= o LS I
I I I I I
I —O— I I I
— I I I I I
I I I I I
I I I I I
::::::::'::::::::'::::::::::::::::::::::::::i::::::
- Vertical beam direction . —+ INGRID :
3 . -o- . —=~ MUMON :
- ' ' ® —— l
] . ! —o——O—
" I I I I
o , ! : | T2K Run5 , T2K Run6
[ T2K Runi 1 T2K Run2 1 T2K Run3 I T2K Run4 1 May.2014 |, Oct.2014-
- Jan.2010-Jun.2010 1 Nov.2010-Mar.2011 1Mar.2012-Jun.2012 Oct.2012-May.2013 1 -Jun.2014 |

Excellent stability for whole run
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Neutrino flux predictio

10" —SKv
1065 —SKvlLl

I ESKv,
107 =1 SK v,

—_

104

[—
O
(F8)
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Flux [/cm?/100 MeV/ 10%° POT]

[—
O

O
\S)
N
@)
o0

E, [GeV]
® GEANT3 based beamline MC simulation

+ In situ proton beam measurements during run

+ Tuned with hadron production measurements e.g. NA6| @CERN
® ~|2% uncertainty at peak energy (before ND280 constraints)

® Still improving : latest NA6| results will be included soon, to go <I0%
® Anti-neutrino (reverse horn current) flux with similar uncertainty

J-PARC neutrino experiments, M.Yokoyama (UTokyo) g %six ¥ 20



Near detectors

Off-axis detector (ND280)
measure V beam properties

® Detector suite
@ 2.5degree off-axis
® Dipole magnet (0.2T)
e 1V detector (POD)
o FGD+ : target+tracker
® EM calorimeters
® Side Muon Range detector

On-axis detector (INGRID)
Monitor direction/stability

of V beam

® |ron-scintillator sandwich
modules covering 10mx10m
around the beam center

J-PARC neutrino experiments, M.Yokoyama (UTokyo) ©g#six®
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ND280 v selection

High momentum negative track in TPC = muon candidate
FGD1] TPC2 FGD TPC 3

N

\'//

Classify events into 3 samples to enhance sensitivity
to interaction models

CCOTT CClTr CC others

J-PARC neutrino experiments, M.Yokoyama (UTokyo) HEKF 22



Data/Sim.

Events

Data/Sim.

ND280 data distributions

3000F Z i Z 600F
j CCOm-like Sample § 400 } CClm*-like Sample § I CCOther-like Sample
i Nominal MC K : Nominal MC = Nominal MC f
2000 , 300 . 400 :
C Fitted MC - Fitted MC Fitted MC
i e Data 200F e Data - e Data
1000 i 200
I 100} ®e e I
i L e i .
ofF——— — : —= : 0 : 0 =
1.2f b £ 12 JF J[ £ 12} .I_ +H—t _I_.H. JrJE HJ[ J{ T
i ssoptbepette st i 2 iff ++++++++ 4t + ++ i + t t i t HH 2 ol LA # #ﬂ { t f
o8 e + + Jr HL ‘% 0.8 + Jr-l_]L Jr ]L.h Jr JUF JF % 0.8 Jf Jf+ ]L-l- ‘I‘j( H JF
0 1 2 3 >5 A 0 >5 A 0 1 2 >5
Muon Momentum (MeV/c) Muon Momentum (MeV/c) Muon Momentum (MeV/c)
2000 CCOn-like Sample 51000; CCla*-like Sample ‘51000 | CCOther-like Sample
] Nominal MC a1 Nominal MC H L Nominal MC
2000 e Fitted MC i Fitted MC i Fitted MC
i 500 500 e Data
1000 : :
i - .0 V : s : : 0 !
L2 E 12} n e E 12}
| o e S oot 2B | e S S B e e e e e e e e B P e 2B
Y Sissitintstisssiniive B T i UL Ssotiiatiisei N X0
0.6< 0.7 0.8 09 1 A 06< 0.7 0.8 0.9 1 a 0. . .
Muon cos(0) Muon cos(0) ‘Muon cos(@)

Constrain rate (flux X cross section) and
cross section parameters with ND data

Correlation between energy/samples taken into account

Ve at SK can be constrained by v, at ND(same parent particle)
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Uncertainties of predictions at the far detector
( No. of events )

| ring e

arbitraty unit

itraty unit

b

= 6000}

% 0

150 200
Expected number of 1Ru events

[l w/o ND280 fit
I with ND280 fit

\‘)"-

9000
8000F
7000

S000

YT]’TT

4000f
3000F

IT

2000
1000

LA |

%

Error on number of events

Flux/cross
section w/ ND
measurement

VU 2.7%

Cross section
uncertainty due
to target diff.

5.0%

20
Expected number of IRe events

L

Final state/
secondary
interaction

1 w/o ND28O0 fit
Il with ND280 fit

.
| RN, SN

730

3.0%

» 107
(Z

”

- -

Expected # of v, events
A2 e B o o o

—
o~ -

" Spectrum shape

. .'J Wl"‘

Expected # of V. events

SK detector

4.0%

Ve 3.1%

4.7%

2.4%

2.7%
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Far detector: Super-Kamiokande

lkeno-yama 1km B—
Kamioka-cho, Gifu;. 700mwel e s
Japan Y P

sl r-Epne
i "e - |
B .
L E A LN
; = 8 vannndinesd ) SN PR
3 » 3% N A 3 {
¥ 7 3 ey
1 ¥ A : ]
S
i 1
1 Super-Kamiokande IV
:§ Pun My
| rers D bire, 2 po
1 7 £ Pl (PN, -

Sub 9 Bvent 209

Sk

Charge(pe)

cientitic American

>11,000 50cm PMTs
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Observed events at SK

¢ FTirni o 28 V. candidates
é - Im I ng - RUN1-4 (6.570x10°°POT) 5 < —+— RUNI1-4 gata
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60

40

Events/0.10 GeV

1072

Osc. to unosc Events/0.1 GeV

20|
0 2 4

10 E

107" E

Vy disappearance

—+— Data

MC Unoscillated Spectrum

MC Best Fit Spectrum

- NC MC Prediction

>5
Reconstructed v Energy (GeV)

;i=

o 2 4 >5
Reconstructed v Energy (GeV)

PRL 112 (2014) 181801

J-PARC

arXiv:1502.01550

m

] | | L I | | ] ] 1 | | I [ | | [ L ] | T ] T
68% (dashed) and 90% (solid) CL. Contours
T2K [NH]

MINOS 3-flavor+atm [NH]

& 4'23 ’
> E
(D) 42“
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| -

11 l 11 11 ' 11 J || | 1 | [ 11 | [
0.3 035 04 045 05 055 0.6

11 l Ll 11 11
0.65 0.7
sin*(6,,)

2.51£0.10
2.48+0.10

NIzl 0.514+0.055 55,
I=f 0.511%£0.055

Most precise measurement of sin%0,;
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. ?rXiv:1502.01550
Vu+Ve combined analysis
Frequentist analysis Bayesian probability

With reactor constraint NH IH Sum
[0 15,0.83]1T (NH) Shdebeed0ei 0.179(0.078|0.257
[008 1.09]7T (IH) Shdehene 0.505 |0.238|0.743

EXCLUDED at 90% CL 0.684(0.316| 1.0

CP O

o~ 7 OO'O3.— | | I | [ll]llllllllllIlllr-
= H 2!
< " — Normal Hierarchy E .
1 90% Credible Interval
61 Inverted Hierarchy = 0.025 . —
Ol —— FC 90 % ay? (NH) o I 68% Credible Interval
SEf - FC90%ax (M) 2 Marginal Posterior
i [ 90 % excluded (NH) z 0.02 v 1D Posterior Mode :
H = rocnon s = PRELIMINARY -
I T2K Nov. 2013 release (NH) -
C|  ——— T2K Nov. 2013 release (IH) > 0.015 ]
3t o vt -
» = -
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2 ol = . ) = = B B 0-0]
- o L
e

0.005F

o 1 1 | L 1
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Cross section measurements with NDs

Ve cross sectlon on CH Vy inclusive cross section

% 107% x 10"

o~ [rererer | L B | B [ | S S T 1 Ly — z s ,z s -
< 100 e = g F :
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More physics results

NC mteractlon at far detector

:E 12:_ —+—RUN| 3 data —:
Z 1of _ = NTee | Ve dlsappearance search with ND
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— B m ~— - -
= &F . o n = ' _
: TN S
= R - } —]
4k 4 = 10 ‘I‘\ E
R N ) -
2F = B
3

5 T R T T I
Reconstructed energy (MeV)

PRD 90, 072012 (2014)

o
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[ IIIII;T{
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107! = — Gallium allowed = T2K excluded E

Neutrlno mass limit from relative TOF ¢ veCexcluded 3

g 1505 TR | — Reactors allowed Sun v excluded i

: b m =2 ey 102 SE—

%;,100 --om, ?OMeV/c 102 10 5 1

. my2<5.6MeV2/c* arXiv:1410.881 | i 20

= Accepted for publication in PRD

% See poster by Stefania for

% short baseline oscillation studies in T2K
“F T2K Preliminary

O oo o8 doosHood™ 5000 hees™ gL o0 More results are published/coming soon!
arXiv:1502.06605 (Also, results with anti-nu beam running)
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T2K: Near Future Plan

~45—r 7T

ae b — 1x10%° POT ]
® Before summer 2015: E - — ax10® pPOT
< - — 4x10% POT

. s —— — 5x10% POT .

® VWorld best anti- 355 6.57x10% v POT -

. . . 3 MINOS v Results;

neutrino oscillation ; ;

: 250 E

measurement with : :

21 =

~5x 020 POT : ;

1.5:— E

:||||||||||||||||||||||||||||||||||||||||||||:

® |[n |-2 years: 01 02 03 04 05 06 07 08 09 1

o I~
sin“0
° ° ° 23
® |[mprove oscillation parameter meas. w/ neutrino beam

(Will tension with reactor data remain or not?)

® Search for the first evidence of electron anti-neutrino
appearance with anti-neutrino beam

® Can accumulate ~7x10%° POT in | year with >400kVWV beam
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arXiv:1409.7469

LO ng term Plans to be published in
PTEP

® Search for CP violation with up to 2.50 level sensitivity
® Precise measurements of oscillation parameters

® Various V and V ross section measurements
® Combination with NOvVA and SK will enhance the reach

S

0.65

907%CL sensitivity to CPV
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True 6CP( ) Tl‘ue 6 (O)
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Other vV experiments
at |-PARC



Neutrino experiments at |]-PARC

® E| |:Tokai-to-Kamioka (T2K) Long Baseline Experiment
® 132,T49:Lig. Ar TPC R&D (test beam)

® E56:A Search for Sterile Neutrino at J-PARC Materials
and Life Science Experimental Facility Recent Stage-1 approval

® P58: A Long Baseline Neutrino Oscillation Experiment Using |-
PARC Neutrino Beam and Hyper-Kamiokande (—Shiozawa-san)

® T59:A test experiment to measure neutrino cross sections
using a 3D grid-like neutrino detector with a water target
at the near detector hall of ]-PARC neutrino beam-line

® T60:An emulsion-based test experiment at |-PARC
® Lol:A nuPRISM Detector in the |-PARC Neutrino Beamline

New initiatives emerging in ]-PARC neutrino experimental facility
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h M. Harada et al, arXiv:1310.1437 [physics.ins-det]

Next beam is 40ms later

E56: Sterile neutrino searc °
@MLF (proposal in 2013)

=, o Belecting muon decay.
10 g mu: Y.
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. -3
> confirms or refutes the ;‘0
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ES56: Detector

50 tons Gd-loaded liquid

scintillator.
Well established technique.
Strength of tank / endurance for
earthquakes were calculated.
Some of Double Chooz / Daya-
Bay collaborators joined E56.
Will be located at MLF 3™ floor :
the maintenance area -2 need
to avoid interference




159: 3D grid detector, WAGASCI

® Confirm basic performance of 3D grid detector
® |arge angular acceptance with less material

® Cross section measurements 25 1] 2
® Water target (fraction of water ~80%) = (

® Close to 41T acceptance |

-—
4
llm

v.|

v L

Acm
= —

“ WAGASCI e

3mm-thick scintillator produced at Fermilab
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T60: Emulsion

Feasiblility test of Emulsion in the J-PARC environment

Future Physics goals * Neutrino Cross Sections
e Sterile neutrinos

160 detectors

__YIMonitoring sample

/ s “ ': aﬁ RIOoN. § small films for condition monitoring
‘INGRID 'M "

Ultimate position resolution

Ir"y,‘p#\

I‘V
~
N

Oct.-Nov. 2014: on-axis, between INGRID
and Proton Module,
Nov. 2014 - : this position

Conceptual design

Subsidiary detector 4
c “R -

(Emulsion Shifter) ) 0 N
h >l @ L
BH i

ECC

l d rhrn INGRID

- - Track matching between ECC and = 3’ Monitoring samples were also
veCC interaction INGRID by timing information laced in front of the INGRID:s.




NuPRISM .
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measure many Ey spectra
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Summary

® Observation of V. appearance by T2K has opened a door
to the CP asymmetry study in the lepton sector!

® T2K+reactor already placing limits on Ocp.

® T2K will continue to lead the neutrino oscillation study.
® First anti-neutrino oscillation result expected soon.
® Collecting data with 320kWV, higher intensity expected.

® Planning |-PARC beam power increase to the design value
of 750kWV, and beyond (>MW).

® New neutrino experiments are emerging in J-PARC with
international collaborations.

® Next generation experiment: Hyper-K (—Shiozawa-san’s talk)
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Constraining flux X cross section

ND280 measurements Cross-sec. uncertainties

) dict
ux prediction (Pu, O,) (external meas., models)

(NA61, beamline meas.)
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