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1. The T2K (Tokai-to-Kamioka) Experiment

NElugiialel Facility

{[O6RR; Univ. Tolkyo) B o . y oo @t J-PARE
5 W 1 | ® KEK + i @KEKE’JA Tokai

]353 30° Fukui EISG;A 30° L - h - g v E]40“ 30! ” P 8 e :

m A Long -Baseline neutrino o scillation experiment connecting
Neutrino Experimental Facility at J -PARC (Tokai village) and
s Super -Kamiokande
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Motivatiom

. 0.06
s Discoveryof v — ve >

+ Direct detection of neutrino flavor ,3, 0.04
mixingin Nnappearanceo '&ngog
- - . o .

¢+ |7 to | e plays an important role to
study CP violation and mass 0 iR
hierarchy CPV

-0.028l(| | CPC(cosd)

P(V u—Ve) :n2623 sin2( A m?231 L/4E)

Ev (GeV)

= ExploringcCeP Vialationn

becomes possible by
comparing ne and anti -ne sin @ 12Xsin 013 Xsin@23 Xsind

appearance in case large 613

The idea firstly claimed in 1996 kySataandJ.Arafune
™ Phys.RevD55 (1997)16531658.
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T‘Japan'Proton Y X - . —— ‘MT FYW$@ﬁﬁnm|mc%n
Accelerator fa= wharsy o 400 MeV i - - aNOvA200855 - LINACE | &,
Research™ & H-Linac U= “"Octt 20075~ RCS
" : Mayy2008348 ~ MULF/IMRR
Culuigle ~Dex: 200BEAIRORARYG V.
W Jam 20099 I-laﬁlmon :

\ 3Ge\7 Rapld Cycling

i Neutrino Synchrotron (RCS)
P Experiment [ 25Hz, 1MW
.‘-"”\' Facility (n) -

Materlals & Ln‘e '\.

Science Facility |

4 (MLF MUSE) |
@‘g}ﬂ\ |

adron Experimental

30 GeV Main Ring Synchrotron (MH 1’ Hall (HEF, hadron)
\ adron

Design beam power :
First Extraction to n: 750kW [A 1.3MW ] ¢ %
Slow Extraction to HEF: [ >100 kW ] £




Neutrino Secondary Beamline

L 1 1
Target Station

OTR beam
monitor

Beam

window
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s sk "
Newtrino Eacility Target @ scences techmology /7

@ Facilities Council e

Graphite 1G-430
26mm f x ~900mm
Inner tube
(graphite)

Pl‘Oto]]_ = - _tk‘ -\Ef'j '
Beam "} / < > Outer tube / beam
| 1.495mmm, window ( Ti6AI4V )
mm
Target inserted L Nt

to horn inner conductor (54mdia.)

Design Beam Power: 750kW
(3.3x10 *ppp / 2.15s)

% = Small diameter of target (26mm) : small

% beam size (sXx, sy=4.2mm)

X/ = Low-Z isotropic graphite: low thermal shock,
' less absorption of pions

' = Helium gas cooling: keep high temperature,

- to mitigate radiation damage of graphite
"' : RaDIATE2018, CERN, Dec. 17, 2018 8




Main Ring Beam Power Tiwent

500} < D < D

g 1st set of target/horns 2nd et of target/horns
1st window replaced in 2017
<400} 2
o Hadron incident
; 300 (target tr?ublle and radio-
- tive air
8 The quake actlive al ea age
& !
= 200
IS
Y 100 | SX for Hadron
2 J
0

2010 2012 2014 2016 2018
- Max del Ve red power: World record of FX'd # of protons from synchrotron
« Fast eXtraction to Neutrino  ~485kW (2.5x10ppp / 2.48s)

oy * Slow eXtraction to Hadron ~5TkW (5.4x103ppp / 5.525)
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T2K n, appearance (Jul.2013)

The 1¢ n, candidate eyent after EQ (Mar.2012)

DT0= TSK - TJ-PARC - TOF

- RUN1-3 (3.010x10°°POT)
o B RUN4 (3.383x 10°°POT)
£ 40
= Fully
s | Contained
qg 201 inID
€ | 532 events
=

0

-Ims 0 1 2 3 4 O5ns
kY http://jnusrv01.kek.jp/public/t2k/sites/default/files/130719-KEK-seminar.pdf

Number of v, candidate events /(50 MeV)

T T T T |
— —4— T2K RUN1-4 data
| [ Best fit v, signal
L [ Background component

&

T T | T T | T T ‘
>
-

0 500 1000

Reconstructed neutrino energy (MeV)

28 candidate events are
observed with 6.39x10  ?9pot

Nexp=4.64  0.52(sin 22q,3=0)
20.44  1.80 ( =0.1)
Significance=7.5 s
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T2K SK events

Reconstructed Energy
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Neutrino Conference 2018

E. bins flavors

N(pe,0,:00,Am, 80p..)= 2, D,

12K v&Vv oscillation ana.

e Compare observed rates at SK to predictions under oscillation
hypothesis, tuned with observed ND rates
Oscillation Probability Constrained by near detector fit
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a First hint of CP violation in the lepton
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3. Accelerator and Faclility Upgrade to > MegaWatt
Beam Power

SupeiKamiokande

39mf x 41mH
Total[Fiducial] : W ey T S
Volume | ,, o ' |
= 50[22.5]kt o ® Jawrt | TP 750kW

VL. | 6 B svw

7 ) C J PAR‘?'G
S e litwino Facility
. e A= i o

- Cs TR

x 60mH = 258[187kt
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=« Larger mass for more statistics
« Better senS|t|V|ty by more photons with improved PMTs

e . - 40% coverage

' 525 ~ with new sensor
~W(x2 photon sensitivity’

40,000 20in ID PMT

6,700 8in OD

Total Volume26Ckt
Fiducial Volume 90kt
(~XLO of SuperK

Documentation;
Letter Of Intent

HKDesignReport i O - >
Constructionwill start onmnt from2027
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https://arxiv.org/abs/1412.4673
https://arxiv.org/abs/1805.04163



http://www.hyper-k.org/news/news-20180912.html








































