juﬁ%%'*@)ll
e iEE /J\7M< [ (KEK
EEMRTE - EmILNE. E‘

v.
u, "
&l}
E I,
<\ s ;{_:'1 'I"
71] R D
>I-
..|¢
o/

1

e
=7 RTR ATEA. RER. EEE
2. EREYZ

')—~f
EE.
2
o

NEFRZE - FREREE ©

12 7H8HBHEH



Letter of Intent:

A Long Baseline Neutrino Oscillation Experiment

using the JHF 50 GeV Proton-Synchrotron

and the Super-Kamiokande Detector

BEMEZS -HEKXE

2000598238

FTEHR. . BHFR. FHTER

February 3, 2000 BRIVURIY L

JHF= )/ EEg
xR @ (FXHE)

' o Overview of the experiment
Y. Itow! , Y. Obayashi, Y. Totsuka. X ; :
Institute for Cosmic Ray Eesearch, University of Tokyo, Tanashi, Tokyo 153-8502, y PhySlCS M()t]vatlon
Y. Hayato, H. Ishino, T. Kobayashi® , K. Nakamura, M. Sakuw . JHF faCIhty and \V beam
Inst. of Particle and Nuclear Studies, High Energy Accelerator Research Org. (K1 . . .
Tsukuba, Ibaraki 306-0801, Japan 5 PhyS]CS SenSlthlty
T. Hara . Additional Options

Departinent of Physics, Kobe University, Kobe, Hyogo 657-550L, Japan -
Summary and Conclusion

—V1.0—

JHF Neutrino Working Group

T. Nakaya® , K. Nishikawa®

Department. of Physics, Kyoto University, Kyoto 6068302, Japan

T'. Hasegawa, K. Ishihara, A. Suzuki The JHF-Kamioka neutrino pl’Oj ect.

Department of Physics, Tohoku University, Sendai, Miyagi, 9808075, Japan h /O 1 060 1 9

L Super Kamiokande Contact Person: itow@suketto.icrr.u-tokyo.ac.jp Cl t a tl ON.: 8 0 0
< Neutrino Beam Contact Person: kobayasi@neutrinokek.jp X

# Near Detector Contact Person: nakayaGscephys.kyoto-uac,jp

b Organizer: nishikaw@neutrinokek.jp
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Events in
0o T2K Meeting
0 March 10-12, 2005 at KEK
0 January 20-22, 2006 at KEK
0 More than 100 collaborators join.
0 T2K Near Detector (280m) Meeting
0o March 7-9, 2005 at KEK
0 June 15-16, 2005 at KEK

0 August 29-31, 2005 at TRIUMF, Canada

(*) Fix the conceptual design of ND280 for budget request of the
foreign countries.

0 January 17-18, 2006 at KEK

0 ~100 collaborators join.
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Schedule of v beam line

Near detector
econst.: '07~'08
eInstall: '08

I\

Beam dump &

half of Decay vol.

econst.: '07~'08
-Install ‘08

Target station
econst.: '06~'07
eInstall: ‘08

I FATY V3.

®EE

Proton beam
line

econst.: '05~'06
J ¢Install: ‘08

[ /s
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2004 4-2006.3 ARy ) RE
] 2005.4-2007.3 1/ u
@ 2006.4-2008.3 Buildings R ;JW /VBAR
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777 y BB i il : /Ty | :
2004 2005 2006 2007 2008 200!
1st yr 2nd yr 3rd yr 4th yr Last yr H21

4 7 {10 i1 4 7 10 i1 4 7

10 (1 |4 (7 i1

Facility Design

Primary line tunnel

NC mags (Prep. Sect.)

Primary

SC/NC in FF

Cryogenics

TS civil/building

Equipments in TS

Decay volume

Secondary

Beam dump

Neutrino monitor
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Construction of Decay Volume (1)
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Construction of Decay Volume (2)

All cooling channels connected
by 1080 U-shape pipes.
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Ad]ustlng speC|f|cat|ons to fit within budget
o Decay volume length (130m — 110m)
0 Big impact on civil cost
0 Reduce equipment cost also
Size of near detector hole (20m — 17m — 17.5m)
Limit acceptable beam power at T=0
0 Reduce Air cooling capability
0 Reduce shielding blocks in TS
0 Recover ASAP after commissioning

Impact on physics sensitivity is minimum.
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Completed in Dec. 2006
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Fine Grain Detectors

e Za—kYIIN—TVHRBIFESE
- lem x lem DO FL—3, REZEBRI 74 /\—+MPPC
» 2009FEICTA2RM—)L

Simulated CCQE interaction

1000 — ‘5 S
r QO o
soo —TPC1 R~ TPC2 TPC3
; il [
°E x\\
500 —
1000 —
1 L l L1 1 1 1 l 1 1 1 1 ll 1 1 1 1 1 ll 1
1500 -1000 -500 O 500 1000 1500

Tracker volume

T2KDP3E
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TPC

¢ 3TPC, MicroMegas g+ L (8mm x 8mm 7 \:ykH 4 X)
* 10% EBENZE N REE (p<1GeV/c), ~10% dE/dx 43 fiZRE

¢ MicroMegasil {E# (XCERNTT Ak, => S ERIRA !
¢ 2009F EIC2EDTPCEHKE F .

lfm MM1_001 (stiffener V2) (HARp tests 09/19/2007)
i

SV Dmniinactive border

359 mm (neutrno beam)

| D16 al6 in short-circuit
— s with mesh (not linked

1726 active pads to readout)

directions Inner wall and
field cage

. . i
/ Outer wall !
En X/
: LIS ¥

#4022 mm thick PCB]

flginnel.

o8

beam
red

Central cathode

2 pads used lor *

v

4 FLOO FEC .
* a 30 um thick 440 Lpi woven micromesh is embedded between 2 layers of pyralux
* 4 layers PCB with internal shielding layer & 6,9x9.7 mm pads with 7x9,8 mm pitch
Central ' * 128 ym amp. gap / 12 x ¢0,5 mm pillars per pad / « stretched » mesh procedure
cathode HV + 93% of PCB surface is active area / less than 2 faulty pads per module

\\\\\
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MPPC

¢ Multi-Pixel-Photon-Counter
Multichannel APD ZH A4 —E—F T1EE],

667 pixels.

* £ ERIR, ~27

* K= R E R
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Sy G —2Daih—R b

Sa—FY
* INGRID 1% Hi R so =5 s MpPC
(1)Sa—FAUN o FL—F—FBBS>FIL N ’ 4‘—‘
Q) EELTH T 74 /\—(WLSF) TIRINS>E F 5 \/\ v |
(3) R H ZF(MPPC) THA L v ;ﬁtor
o AVR—ARk
— INGRID> 2V FL—%4 120cm e
* 120cmx5cmx1cm 5cm

* MPPCIZE L i 1 ASY D E 2
R§MCa—T4279

— WLSF (Wave Length Shifting Fiber)
« 75 %t& Y11(200)MS
« ZNIZMPPCARD ARV A—%DITH

* P=1mm \

Scintillator strip
with TiOz2 optical coating

— MPPC(Multi Pixel Photon Counter)
« ZYEMHE: 1.3mmx1.3mm
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724X —GBFE—LETZY —

s< Position : Electro-static monitor (ESM)
><Profile : Segmented Secondary
Emission Monitor (SSEM)
: Optical transition Radiation monitor (OT
in front of the target
><Intensity : CT (Current Transformer)
< Loss monitors (BLM): lonization Chamber

Jarget
$tation

P

—

T\
Final Focussing Sex.

Prep.

Arc

FF

M.Stack

Total

Preparation
Section

! |,C
7 |

C,P
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On 23rd April
2009




First shot of the proton beam

SSEM

(Segmented Secondary Emission Monitor)
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First beam event in Muon monitor
and

2.00V/ 2.00%/ 10%/ 500%/ 3.060t 1.0008/ Stop % -450%
¥

@mwgmwwwm

15 mV Silicon PIN photodiode

Scintillator for reference
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oI vy 3=V I B

500W — 20kW
22 5 First Neutrino detected at J-PARC

2009411

11

Side view ~ Top view
o o
ot o
of of
v beam v beam

d 60:—

40 40~
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20— 20
of — o
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2009F12H9H : First Neutrino events @ ND280
20107 1F C YIBT— Y IR
20104 2H3 ND280 Magnet on
FGD FGD DSECA
ECAL TpCs TODs
PO (TPC TP TP Magnet
: W yoke
”,;{;:....mlqlrz L Magnet
te,, ,.:'J” coils
_—
v beam
Note: First TPC is not taking
e
Magnet on (0.188 T) 01:57 IST, Feb. 5, 2010 Pi-zero Tracker
POD FGD1 FGD2  DSECAL Detector
beam i |
:> | 7:;\..' TPC1 TPC2| FPE3).....
| L
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Detected the neutrino event w/ the full setup.
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2009F12H9H : First Neutrino events @ ND280
20104F 1F  YIBF— Y INERR
20104 2H3H : ND280 Magnet on
FGD FGD DSECA
PO
) POD TPC1 TPGC2 TPC3
FGD1 FGD2 ECA
Magnet on (
PC
beam

—)

Detected the neutrino event w/ the full setup.
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2 324 H SK first event @~30kW

3 rings event

15t ring(showering)

2" ring(showering)

3" ring (non-showering)

15t + 2nd
invariant mass : 133 MeV/c?
momentum : 148 MeV/c
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BIG earthquake in March 11, 2011
and the T2K/J PARC recovery

Pt LINAC' 3@115

M*ﬁgg 4 B# G‘ﬁ‘ ‘!f iy 2

.3 '

‘: .". ”

‘ /-;f On Dec.9, 2011, J-PARC LINAC operation restarted!!!
) On Dec.24, 2011 Neutrino events were observed at T2K-ND280!!

09:30 Key was on. 38
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20114F6 H
T2K7A3v,—>ve appearanceDal il %z i & 2 7-

ADEROT K, A3 A, T G P P OAN AR T3 5= O B L IR s S5t b e TR 0 0 7 e ol POy N

Appearance Signal

01320

Bf=a—hFU /5
p-value=0.007

Before T2K
esinZ2013<0.15 (CHOQOZ) g
013>0 @ ~1.? ¢ (solar v + § r

< g ; 76;:!:: b -
KamLAND) 5 o Am3>0
— '\,Ccc 11

(MC w/ 5in"20,.»0.1)

N
i

— Best it to T2K data

.
g

68% CL

L' . S - J W
, 0 1000 2000 3000 3§
k______Reconstructed v energy (MeV) __ §

"~ Number of events /(250 MeV)

o

o In 2012, further solid confirmation of 013#0 from reactor experiments.

o For CPV and Mass hierarchy, v, — v. appearance is essential.
39
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| Selected for a Viewpoint in Physics

PRL 107, 041801 (2011) PHYSICAL REVIEW LETTERS et &

Indication of Electron Neutrino Appearance from an Accelerator-Produced Ofr.Axis
Muon Neutrino Beam

49 6 ssve oo IR - 48 3 » % SR . 27
K. Abe,* N. Abgrall,'® Y. Ajima,">" H. Aihara,*™® J. B. Albert,"” C. Andreopowial""B. Andrieu,”’” S. Aoki,
+ . ‘ 3 . . 37 N . i
O. Araoka,'" J. Argyriades,'® A. Ariga,® T. Ariga.> S. Mssylbekov,'! D. Aailierv.** A. Badirissher,'> M. Barbi,*°

: .\@ﬁa‘uthors

(Received 13 36ne 2011; puolished 18 July 2011)

The T2K experiment obsanyes iadicatiopsiv, — v, appearance in data accumulated with 1.43 X
10%? protons on target. Six.évents pass 21 selection criteria at the far detector. In a three-flavor neutrino
oscillation scenaria’ssith |Amigh—= 2.4 X 1073 eV?, sin’20,; = 1 and sin?26,; = 0, the expected number
of such evga& 1s 1.5 = £.31syst). Under this hypothesis, the probability to observe six or more candidate
eveniz®is’ 7 X 108 cquivalent to 2.50 significance. At 90% C.L., the data are consistent with
0.03(0.04) < sin*20,3 < 0.28(0.34) for S¢p = 0 and a normal (inverted) hierarchy.

DOI: 10.1103/PhysRevLett.107.041801 PACS numbers: 14.60.Pq, 13.15.+g, 25.30.Pt, 95.55.Vj

Citations in 12 months - 354
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» The probability (p-value) to observe 10 or more events with

2732037 (svs.) BG events 1s 0 O8% (3.20

® Wefind the Evidence of “Electron Neutrino Appearance
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CP & (deg)

studied by Ichikawa-san
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Toward the discovery of
CP violation in neutrinos




J-PARC+HK @ Kamioka
L=295km OA=2.5deg

Lol: The Hyper-Kamiokande Experiment
arXiv:1109.3262v1

J-PARC+LAr @ Okinoshima
L=658km OA=0.78deg

Comtrol Room

Access Tomel 1

bases road tunesel size)

Electrosic Hut

laner Argon Tank

ol Tank
d tunnel size

Access

2 Trafic lanes road tunnel sz

J-PARC P32 (L. Ar TPC R&D). arXiv:0804.2111
2FE7H8HHMREH
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