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Hyper-Kamiokande

Water Cherenkov detectors in Komioka
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Hyper-Kamiokande

190 kt fiducial mass

Super-Kamioka
22.35 kt fiducial
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Heavy Elements

Why Neutrinos?

Universe Mass
Composition

0.3%

Stars
0.5%

They are always around us and mysterious!

Free Hydrogen
and Helium
4%

Credit: G. Zeller
Dark Matter
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Dark Energy !
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Neutrino Oscillations

Maki-Nakagawa-Sakata 1 0 0

Mixing matrix U= |0 costs sinby
0 —sinf,; cos 0,3
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Large 013 opens the window to study CPV
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Hyper-Kamiokande Project

* Long baseline experiment and non-accelerator physics in a single project
* Based on the highly successful tradition of SuperK and T2K (expertise and collaboration)

Hyper-Kamiokande Detector High power proton beams

o - : gL J-PARC
B 8 T — / FUKUSHIMA & '
25 — \\\ , 0 T\ (hosted by KEK)
Water purification 2 e — K roely ) | S A = s
and circulation Double- _' B 2 -
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Hyper-Kamiokande
(hosted by The University of Tokyo)

» World-largest detector for Nucleon-decay and Neutrino experiment

* 8.4 times larger fiducial mass (190 kiloton) than Super-K instrumented with double-sensitivity PMTs

* World most-intense neutrino beam
* J-PARC neutrino beam to be upgraded to 1.3 MW

* New and upgraded near detectors to control systematic errors



Physics Sensitivity



Hyper—Kamiokande program
Accelerator Neutrino Atmosphe

beam from J-PARC | I

Fiducial 190 kton

M;:
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Many Physics targets
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Atmospheric

- The mass of the detector with the wide eneregy

coverasge is the Key to probe new physics.

It is an only unigue choice to search for the proton

decay up to 103> years.
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Target sensitivity

Relic

Physics category Parameters Sensitivity
O precision 7°-20°
LBL CPV coverage (3/50) 76%/58%
(1.3MWx|Qyears)
sin2023 error (for 0.5) +0.017
ATM+LBL MO determination >3.80
(10 years) Octant determination (30) ‘923-45°‘>2°
Proton Decay T for e*110 (30) | X033
(20 years) T for VK (30) 3% | 034
Solar Day/Night (from 0/from KL) 80/40
(10 years) Upturn >30
Burst (10kpc) 54k-90k
Supernova

70V’s / 10 years
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Long-baseline program with the J-PARC neutrino beam

Experimental setup

» 2.5° off-axis v, and v, beam peaked at 0.6 GeV (oscillation maximum at 295km )

> Major component is QE: E  determined from (p, @) of charged lepton

. Measures CP violation 1n neutrinos by comparing P<v — ve> and P( v, — \_/e)

H
neutrino i ;
0.1 . 0.1 e anti-neutrino
i L=295km, S|n22613=0.1 g .:' : L:295km, Sin22613:0.1

0.08- 8 UEE
’>3 i

0.06
T ¢
~ i
a: 0.04:

Ey (GeV) Y Ey (GeV)

» A few % statistical uncertainties atter 10 years operation with >1000 v, and v, signals
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Neutrino oscillation sensitivity

Sensitivity for Ocp=-11/2 or -11/4 Fraction of 6cp exclusion with 3o or 50 Precision for 6¢cp=0 or -11/2
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. HK Years (2.7E21 POT 1:3 viv)
True normal ordering (known)
sin*(0,;) = 0.0218 sin*(0,;) = 0.528 IAm3,l = 2.509E-3 eV?/c*

. HK Years (2.7E21 POT 1:3 viv)
True normal ordering (known)
sin*(0,;) = 0.0218 sin*(0,;) = 0.528 IAm;,| = 2.509E-3 eV?/c*

. HK Years (2.7E21 POT 1:3 viv)
True normal ordering (known)
sin*(0,5) = 0.0218 sin*(0,;) = 0.528 |Am3,| = 2.509E-3 eV*/c*

® Good chance for discovery of CP violation with > 5c o, 0RO QUERFOTISVY
— Statistics only

—Hy pe —K ...... Improved syst.
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® Reduction of systematic uncertainty has sizable impact bbbt i el

Hyper-K preliminary | Am§2I ( 1 0-3 eV2/c? )

/ w/o pulls § _|
= = «w/ pulls

JUNO (reactor ve at ~50km)

| 4 1
2.44 2.46

AMZe(107 eV?)

® Upgrade of T2K ND280 + a new 1kton scale Water s - oos s - 0500 wrti= 250983 v a=-1601 238 240 242
Cherenkov (IWCD)
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Proton decay Search

World’s best sensitivity for most of possible modes,
mcludlng p— VK, thanks to huge mass and free protons

Nucleon decay:
clear evidence of GUT

MSSM mO=M1/2=2 TeV, AO=O’ tanB=30
60

g 'p - et ﬁffff::ffff:ffﬁffﬁffﬁfffffﬁffﬁfff:ffﬁfffffff:ffffffﬁfff:ff g P - VK" ffffﬁffﬁfﬁffﬁ:ffffff:fﬁfﬁffiffﬁfﬁfff:ffffﬁfifﬁfﬁffffff:fﬁffffffff
50 T & | ——HKiGKon g —e— HK 186 kion
= Q
S 30 | | 1 =
" ~1016(GGeV
20 | ] |
a4 | i
10 + 10 ]
0 Y A A
0 5 10 15 30 senS|t|V|ty
|0g1o(Q/GeV) 1033 : :

Two modes as benchmark

Mediated by gauge bosons SUSY mediated P —e+110
4 ) 4 ~ — ) @ 10 T T T T
U e u—_H" —V S g HK 10 years MC  0<Ptot<I100MeV/c E
piu 2 d L 0 piac ¥ s a7
aJ d y _ U K* B + Signal+BG _| proton mass peak -
N ) / N\ - / O 5 / =
0 — o 4 Atm.V BG E
p—e’m p—VK 9 32 / 4
4 5 5 S E
g m tan” Bxm > 1 | | + =
p s - } " I 1
L(p—etad)~— L(p—=VK*)~— - F %600 800 1000 1200
MX M q XM Invariant Mass (MeV/c2)



Neutrino Astrophysics

* Observation of a few~10MeV neutrinos with time, energy and direction information

* Unique role in multi-messenger observation

* Solar neutrinos: up-turn at vacuum-MSW transition, Day/Night asymmetry, hep neutrino

observation

* Supernova burst neutrinos: explosion mechanism, BH/NS formation, alert with ~1° pointing

* Supernova Relic Neutrinos (SRN): stellar collapse, nucleosynthesis and history of the universe

08 |||||| = 1 | | | | | | | | I |
U U | e
N g 2 a © Borexino ( B)
0.7 | | % ~ S + SuperK .
C @ 2 (& = SNO 1
06 B 5 Up-turn
B HL ~30 at 4.5MeV threshold -
05F 18 H—F—=0 at 3.5MeV threshold ; -
- '\3 1 i
C ) .
0.3 :
- | —— Standard —— NSl-up : o
0.2~ : Lot e
- | — Sterile NSI-dw 5 i
01h|||||||||||1|||||| [ s Ili L
0.1 0.5 1 2 3 7 10 14
E, [MeV]

M. Maltoni et al., Phys. Eur.

Phys.J.A52, 87 (2016)

Counts /0.22 Mt/ 2 ms

150}

100}
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/'Modulation induced by SASI
| statlstlcal fluctuation in HK
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300
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0 025 05 075 1
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Number of SRN events in FV
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Hyper-Kamiokande collaboration

Univ. of Tokyo and KEK host the project COTFA“Sii'i\?SRS

——Total -=Japan —=+Oversea

600

~560 people from ~20 countries, ~100 1nstitutions

500

® 25% Japanese / 400
75% non-Japanese 300

200

® Recently approved as a recognized experiment (RE45) at CERN

100

2015 2016 2017 2018 2019 2020 2021 2022 2023

S '.
7 \"\‘
9’65! M: .{:":

T 5 - a':ﬁ«;“m,n_« A - ey A0
18 Flrst face-to-face meetlng after prolect approval




Timeline

* 2022-2027: Construction, 2027-: Operation

* No change of schedule since the approval of project in 2020

JFY2020 JFY2021 JFY2022 JFY2023 JFY2024 JFY2025 J-Y2026 JFY2027 JFY2028

-‘-‘F l -
““ Cavern Tank PMT

Preparation Tunnel const. : :
> excavation Const. installation

PMT productlon

PMT cases, Electromics etc.

vvater system

Power-upgrade of J-PARC and Neutrino Beam-line

Near Detector Facility, R&D, production ND construction




Cavern excavation status

Access tqpmgel (~2km)
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Access tunnel (~2 km) completed in Feb. 2022

Excavation of the main cavern started in fall 2022 and
is proceeding as scheduled .




Detector configuration

67 m® x 66 m Inner Detector (fiducial 190 kt)
— 20,000 HPK H1QE (x2 SK) 20-inch PMTs will be 1nstalled
— mPMT modules will be integrated as hybrid configuration.
Im(wall) or 2m(top/bottom) thick Outer Detector
— 37 PMTs + WLS boards
Under-water electronics module Underwater Elec. OD PMT+WLS

— Mitigate disadvantage of long cables

MmMPMT

Waterproof
High Density Polyethylene (HDPE) lining 5 mm

¢ 64800 1000 \15004

. 600
(Inner Water Tank) “(Dead Area)Outer Water Tank] |

2000

72000

KR 71000

70cm grid

g - ~68000 [ 5
(BAHILY)—rRUSF(=2T)
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Hyper-K PMT Performance

Box&Line dynode

Hamamatsu R12860

x 2 better photodetection efficiency (QExCE)

Relative Single

Box & Line PMT

Photoelectron Efficiency

N

A
| |

| Uodb(e total detection efficiency-

- pe ~

v s
Y N q
L &

o Box&Line PMT

(Hamamatsu R12860)
QE 31% at peak

-y Super-K PMT B,

_A‘O "‘A_
- (Hamamatsu R3600) 2

QE 22% at peak

(1-25 <|:m) | | (Celnter? (+2|5 cm

l l l l
O—90—80—70—60—50—40—30—20—1O 0O 10 20 30 40 50 60 70 80 90

x 2 better pressure tolerance

— enable deeper tank design,
project cost reduction

All PMTs will be tested >0.85MPa

Low dark rate (4kHz) and Rl

22

Number of Hyper-K PMTs

Number of Hyper-K PMTs

(Performance in SK tank, 1.7e7 gain)

x 2 better charge resolution

= 1PE Sigma/Mean R
i = A 4
60— —12005'-,
50;2 54i9%—_1000§
“" BL PMT ™ 3
o SKPMT 1, &
20| a0 =
10— _l200
il I_. PRI B e ooy g oy i
0 20 30 40 50 60 70 80 90 1000
c / Mean [%]
x 2 better timing resolution
60— —{1200 ®
— TTS [o] T~
50— —1000¥
- 1.5+007ns 3.0+02] %
— ™ e
o I NS oo 3
i L. E
s SLEMT SK PMT |** 2
10 ]'LI 1200
O_I . .|_. - [ = DRI B ) — I—O
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Electronics system

Developed to maximize the performance of improved PMTs

. Power Readout| [ Master
Frontend electronics placed underwater supply (PS) | | system | | clock
* Digitizing signals near PMTs - PMT data etc.
Y 4B Sync. clock

* Maximize the performance of the detectgfl

77N Distributor & Concentrator

——

A

Cha"enges \/ J\;} Water-tight composite cable

. . . | PANE <
* Everything in water-tight vessels 1 1o Clock

. \ W P . . ) ) manager
* Water-tight connectors and cables \ & 777 - Power | [ System

: . 1 ey : converter| |[processor | |Buffer
* Very high reliability required - —
* Synchronization of distributed components Hg/\ S| |Digitizer CEE
. . . . . py
Large international collaboration project by itself i g Watertight
- x s vessel / feedthrough
* Development, production, assembly, testing,
X 24 PMTs

-—/

calibration, installation, .. L

* Planning assembly/testing at CERN
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Detector component (some production starting)

PMTs ID mockup Underwater electronics:
20 X 50 cm ID PMTs + 12 x OD PMTs

\

e

/

1K

PM'T cover

Multi-PMT module: Outer detector: PMT+WLS plate




o J-PARC

Main Ring
Circumference 1.567.5 m

K.E.: 3 GeV > 30 GeV
v/c:  97.1% > 99.95%

Achieved 515 kW in JFY2020
Aiming 1.3 MW by JFY2028

J-PARC Upgrade

Neutrino beam

Anti-neutrino beam

W

—_—
o
o
o

800

600

Beam Power [KW]

400

200 |

1200 |

.
.
»

;@ Magnet PS upgrade
2.48 21.32scycle

i
'
i

; .

' '

var wamemraraie
:
:
.
'
'
i
'
vore

1.32 21.16 s cycle

Termre e s —

: RF system upgrade
._ .......................... ................ M ......................... - ......... =
| : (2) 2" harmonic RF cavities

e R R e S e Euestatcsstatasaraasansobuniaserssaserasesiesotste basiasarssssiessiotaras i

I . . . . H
1 . . 1 H .

TR

18 2020 2022 2024 2026 2028 2030
JFY

0



Neutrino detectors at J-PARC

Critical components to precisely understand J-PARC beam and neutrino interactions.

On-axis Detector Off-axis Magnetized Tracker Off-axis spanning Intermediate
(INGRID) (ND280—Upgrade for T2K —Upgrade for HK) water Cherenkov detector

3D neutfino‘detector

® On-axis detector: Measure beam direction and event rate ew for HK

* Off-axis magnetized tracker: Measure primary (anti)neutrino interaction rates, spectrum and
properties. Charge separation to measure wrong-sign background
- Upgrade by T2K experiment and Intensive discussion for further upgrade in HK-era is on-going.

* Intermediate WC detector: H20 target with off-axis angle spanning orientation.
- Detector site investigation and conceptual facility design is on-going.

Connection to FNAL and CERN: Beam test of detectgrs, Hadron production measurements forJ-PARC neutrino beam



Summary
Hyper-Kamiokande with J-PARC

Important physics targets

* Neutrino CP violation: Discovery with § o for ~60% parameter regions

* Nucleon Decay Search for testing GUT: t >1035 years for p—e*m°

* Neutrino Astrophysics: Supernova neutrinos

Big Water Cherenkov detector with 190 kton fiducial mass

» Facility and Detector construction are on-going for the operation starting in 2027
J-PARC neutrino beam being upgraded toward 1.3 MW power

Your support is essential!
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