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Hyper-Kamiokande was approved!

ICRR Announcement from UTokyo, KEK, and J-PARC

Latest News

The Hyper-Kamiokande project is officially approved.

Budget for large scale science projects, MEXT (funding agency)
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February 12,2020
The University of Tokyo
High Energy Accelerator Research Organization (KEK)

Japan Proton Accelerator Research Complex (J-PARC) Center

Hyper-Kamiokande (HK or Hyper-K) project is the world-leading international scientific research project hosted by Japan aiming to elucidate the
origin of matter and the Grand Unified Theory of elementaly particles. The project consists of the Hyper-K detector, which has an 8.4 times larger
fiducial mass than its predecessor, Super-Kamiokande, equipped with newly developed high-sensitivity photosensors and a high-intensity

neutrino beam produced by an upgraded J-PARC accelerator facility.

The supplementary budget for FY2019 which includes the first-year construction budget of 3.5 billion yen for the Hyper-Kamiokande project was
approved by the Japanese Diet. The Hyper-K project has officially started. The operations will begin in 2027.

The overall Japanese contribution will include the cavern excavation, construction of the tank (water container) and its structure, half of the
photosensors for the inner detector, main part of the water system, Tier 0 offline computing, together with J-PARC accelerator upgrade and
construction of a new experimental facility for the near detector complex. International contributions will include the rest of photosensors for the
inner detector, sensor covers and light collectors, photosensors for the outer detector, readout electronics, data acquisition system, water system

upgrade, detector calibration systems, downstream offline computing system, and the near/intermediate detector complex.
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® Construction started from early 2020

® Start operation from JFY2027




KamiokaNDE experiments
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NDE = Nucleon Decay Experiment, or Neutrino Detection Experiment



Water Cherenkov detector

Ultra-pure water Inner wall of detector
Photomultiplier tube O O O O O O M- -like (Sharp rmg) e-like (fuzzy rlng)
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® Particle detection/reconstruction using Cherenkov rings
® Measurement of energy, direction, vertex from ring patterns
® Particle identification (<1% misidentification probability for e/p)
® 411 uniform coverage with real time information
® \Vide energy range: ~3MeV to 100GeV-TeV (SK)
® Scalable to larger mass, well established technology



Super-Kamiokande

41.4 m

1996 2002 2006 2008 2018 2019
SK-V SK-Gd
>hoto coverage 40% 20% 40% 40% +40%
TR Accident Full reconstruction 'Replace electronics & DAQ system Tank refurbishment
o W o [ TR — >4 g -
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2001: Discovery of solar v flavor change (with SNO)
2004: Accelerator v oscillation evidence by K2K

2011: Discovery of ve appearance by T2K
2012: vy appearance in atmospheric v
2014: Indication of day/night effect in solar v

World-leading discoveries over >20 years
...and, still evolving! ;
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SK-Gd has started!

Introduced Gd—doped water from bottom JU'Y 14-August 17, 2020

New water system

for Gd- dOped Water (3333333 'YYYYYYY 2333333 'g'zs :
Q 1

:‘m" Pure water S .

[ ' Pure water Gdy(SO4)58H,0 T pe>
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—— ' ex. Observation of relic supernova neutrinos

Now

electron
anti-neutrino
Ve Gadollnlum
roton neutron ﬂ .
p A 5 billion
0 o@

Neutrinos from past SNe
L —\ 10
/A7\'\ Q) billion
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13 ton was dissolved years ago
(O . O 1 % G d y Positron signal Neutron signal ) 7 tljlffm
Big Bang years ago

50% n-capture eff.)
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Extends capabillity even after >20 years of operation
Great potential of water Cherenkov detector 7



From Super-K to Hyper-K
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Hyper-Kamiokande Project

Hyper-Kamiokande Detector High power proton beams
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Hyper-Kamiokande
(hosted by The University of Tokyo)

1. Hyper-K detector to be built with 8.4 times larger fiducial mass (190 kiloton) than Super-K
and to be instrumented with double-sensitivity PMTs.

2. J-PARC neutrino beam to be upgraded from 0.5 to 1.3 Mega Waltt
- x8 Natural Neutrino Rate and x20 Accelerator Neutrino Rate
3. New and upgraded near detectors to control systematic errors

Long baseline experiment and non-accelerator physics in a single project



Broad science program with Hyper-K

Supernova S Atmospheric v

® Neutrino oscillation physics

® Comprehensive study with
beam and atmospheric neutrinos

® Search for nucleon decay
® Possible discovery with ~x10 better sensitivity than Super-K
® Neutrino astrophysics e ]
® Precision measurements of solar v
® High statistics measurements of SN burst v
® Detection and study of relic SN neutrinos
® (Geophysics (neutrino oscillography of interior of the Earth)
® Maybe more (unexpected!?)

e BN MeV to TeV with
X o2 o' O(\d 2% 3 single detector
N c® (O& 0\“
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The Hyper-Kamiokande detector

Toyama
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~8km south of Super-Kamiokande 260kton total water mass
190kton fiducial mass
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NOT just a larger version

(Performance in SK tank, 1.7e7 gain)

Hamamatsu R12860 x 2 better photodetection efficiency (QEXCE) 32 petter charge resolution

Double total detection efficiency - o . »
2T e TN T T NG . N = ol 1PE SlgmaIMGan ——1400%
Q7| 88 0: = 70 1400
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Newly developed for HK 0 90-80-70-60-50-40-30-20-10 0 10 20 30 40 50 60 70 80 90 c/Mean [%]
Box&l ine dviod x 2 better timing resolution
OX&Line aynoge
Y x2 better pressure tolerance o s 0
— enable taller tank, Z o TTS [o] Jrooo =
Box & Line PMT . C £ s
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= L 1 @
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Improvement by the new PMT
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® K+(340MeV/c) is below Cherenkov threshold
® K+—pu+v (64%) : 236MeV/c y+ can be detected (with decay-¢)

4 M Proton decay MC —

Number of hits

Oxygen A

Number of hits

Number of events

o e N w EiN 9] (o)} N (0] O

[ ——

(£

0 20 40
K" decay time (nsec)

® Suppress background by tagging a 6MeV y from nuclear de-excitation

® y and p sighal separated by tk+~12ns
® Better separation with better timing resolution

— better efficiency (SK4: 9.1% — HK: 12.7%)

13



Finding evidence of GUT

Nucleon decay' MSSM: my=M, ,=2 TeV, A,=0, tanf=30

60
20
40 t
g ~1016GeV
~ 30 : Frejus IMB Super-K
3
20 p— et 0 B ]
0 Lo minimal SU(5) minimal SUSY SU(5)
- % .
gedicﬁon?sr fipped SU(S)
0 SUSY SO(10)
non-SUSY SO(10) Gazep 00 50110)
Two modes as benchmark p— e K ¢ o E—
: ,  eess—
Mediated by gauge bosons SUSY mediated p:_ibﬂlio 0 3 ‘- g
4 + N 4 ~ v ) p—oKT| ¢ } C oee——
u> e ‘C< f = AT minimal SUSY SU(5) -
p 7 d p 4 3 C S p— SKT non-minimal SUSY SU(5)
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S L P _ Lu u Y SUSY SO(10)
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p—e' Tl p—VK 31 32 33 34 35
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Of course, other possible modes are also important 14



Sensitivity to proton decay

p—e*TT0, 30 p—VKH*, 30
. e - - .
8 L e— HK186kton HD,3c e SRR 8 1035: —e— JUNO 20 kton , 30 S S ——
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107 ' ' 10+ years : 3% 1034 years
10%*
10°3
5020 2030 2040
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Neutrino oscillation measurements

We learned a lot about neutrinos through neutrino oscillation,
but many questions emerged and remains

< 1E+05
O
@ Origin of tiny mass = 1E+03 ’

¢ \Why mass is much smaller than other fermions? P 1E+01

@ |_arge mixing parameters 8 1E-01 ’
. - ® u-type quark

® \Why so different from quarks? 2 ® d-type quark

¢ Symmetry behind the pattern? g 1503 ® charged lepton
® Mass hierarchy (ordering) & 1E-05 ® neutrino

@ \WWhich is the heaviest? ®
e CP violation ® ®

@ |s it violated just as in quarks? 1 2 3 4

@ Or new source exists? Generation

@ Extra neutrino families?
Properties of neutrino are considered to be connected with fundamental questions
@ Source of baryon asymmetry of Universe?

@ \ery high scale physics? (seesaw?)
® QOrigin of generations? i



CP asymmetry measurement

® Comparison of P(vy = ve) vs. P(Vy = Ve)
® 2K reports a hint of CP asymmetry, but some tension with NOvVA

® Number of candidate (ve+Ve) events ~100 for both experiments |

. . TH[MIRR(IR

® Plan to collect more data as well as combined analysis CRACKD

— ‘symm ty Ito

% ]
V>V, v, >V,
s 0. < 0 (See talk by T.Nakaya)
Q o S 0 —
A 008! Oep=0", N, v A 008l = 0,=0", NH, v NOvA Prellmlnary
% YL ammams 6Cp=2700’ NH, v % TTF 0 samaas 6Cp=27007 NH, v 07:— | INcl)rrTIIa|lHilerlar(;hyl | —:
S — O : - i
0.06_—:- ’ large 0.061 0.6F l
| difference : %
0.043 . ifcpy 004 cgcp 05
0.02} 0.02F | ®
- 0.4F =
- T2K, Nature 580: = BF — <90% CL - <68%CL -
Y '05 7 ]5 | > 25 3 03 INCI)VAI\: + II3FI |S.900./°(?L . .|S.68<.%(.:L._:
E, [GeV] 0 > " 3 2

Ocp °
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Neutrino oscillation measurements in HK

® Expect ~2000 candidate events for each of ve and Ve Significance of CPV

® Definite measurement of CP asymmetry % | ’“g"“gé"g 10 years, 1.3MW
® ~10,000 events for v,/vy ° _
® Precision measurements of oscillation parameters ey, :
® Consistency check with other measurements /A . e L s

—

" 2— ot
® O3 from reactor experiments :
. 0_ o R R BN | A BT T
® Am?2 from reactor experiments LN L B L
cp Laegree
® Another way to determine mass ordering o 10 [ St onl
] ] . ~ Hyper-Kamiokande Scp = -90° |
® Different baseline/energy with NOvA and DUNE S o [ e T :
CTJ - === Statistics only (no systematics) o —..
— Q =
_ JIUNO (reactor ve at ~50km) 3 .r 07 e 4] 2
. oYK 10years @70B2POTI3vY) — 1 T c - 0 = (2016)
S Statistics only ] SERTTEUERE AL NES EETTERIESE B R 0 N @ i
0L T DR a0ns et Hyper-K - Am? sl \\ ,, s b e -
QO IN e / ’E \ ! O - :
B ] N 6 | \ I © " |
30 - _ \ ! = 2 —
. <] \ , c - -
20 N N~ 4. ot ———a—- [ — D . ce . -
- e \ ) Projected sensitivity to CPV -
- L = | \ ,' | 0 N TR R TS ST T R
10; """ . < 2L \ / ‘ w/opuIIsI_ 2028 2030 2032 2034 2036
0:' i | . : .| W et pulls Year
247 248 249 25 251 252 253 254 255 N, . . .
Hyper-K prelitninary AmZ,l (107 eV2/c*) 0 Important to control systematic uncertainties

2 1 2 1 1 1 1 X
True normal hierarchy (known) 2.38 2.40 2.42 2.44 2.46 2.48

sin%(0,5) = 0.0218 sinX(®,;) = 0.528 AmZ,| =2.509E-3 8, =-1.601 ' Amzee(1 03 evz) ' in addition to statistics 18




J-PARC power upgrade

J-PARC beamline designed to
® Shorter cycle realize the same off-axis angle
® 2.48s — 1.32s — 1.16s for SK and HK

® New power supply Beam eye
® High gradient RF cavity P Wt R RAS A @RFSV;StemUp;grade' AR R
® Collimator improvement ——-HK “Ray TT . | | - |

® Rapid cycle pulse magnet for oady Tj @ Magnet PS upgrade

. . . AN 311 (0ABZ"  beam i) = 1000 |- 248->13scycle
|nJeCt|0n/ eXtraCthn (().wz.31°3 :agféle?;; p i;)‘e f — 7 jfz Egﬁg_ﬁf b)) @ Z"d harmonlc RF | i | :
® More protons / pulse AR 800 _ Ca:VItIES \ 13-)116$cycle“
® Improve RF Power o S R N ) S R R
® More RF Systems | =
® Stabilize the beam with feedback

® Beamline upgrade to handle high
power beam

Power upgrade plan
500kW — 750kW — 1.3MW

KW

Beam Power

- ' s z : : :
- | s z 5 ; ; ~
] 5 ? : i i : -

. - - - - . - .
- s e s f s s ~
I i i i s g z A

'\ TS PR U DR IR IR DR
2016 2018 2020 2022 2024 2026 2028 2030
JFY

® Together with operation for T2K
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Near and intermediate detectors

Near detector complex S Intermediate Water Cherenkov Detector (IWCD)
o | S

FFFFFF

&= i » 1kton scale water Cherenkov detector at (it EbkEss
BisE || |e— SuperFGD ~1km baseline |

e a5 N W » Detector can move vertically —
44 layers

. easans 8 measurement at different off-axis angles
» @ NIz

- 14/Sep/2020, INR, Russia

»
»

~10m

¢ p—————~  Physics target
u E 30:— . I -axis Oux_:: - . .
INGRID on-axis detector £ 407 1. y-int. measurement by off-axis scanning
U grade for T2K .V, Cross section (3-5% for o(v,)/o(v,),
T o(v)/o(v,))
ST ﬂ  NC and intrinsic v, BG measurement (3-4%)
g # O = " " " ] "
2.5 - | = Neutron multiplicity with Gd loading
; % Linear sum to make _
oL monochromatic energy ~ Reconstruction
0 L TR = X107 N _— Lincar Combination, 0.9 GeV Mean
x10 o E ’ axis Flux ’ %6000 —
§ . loOfflO% g w wvosmsanos] 5|
{ il ,iLll\ | :I:D 2oooi ;
Barrel ECAL | 10} T , ,
5 -L"‘ﬁ-.____* 1 . | |
% I R TR 0 3
E, (GeV) E.. (GeV)

Further upgrade for HK

ND280 off-axis detector (to be discussed) .



Neutrino astrophysics

® Observation of a few to 10 MeV neutrinos with time, energy and direction information
® Unigue role in multi-messenger observation
® Solar neutrinos: up-turn at vacuum-MSW transition, Day/Night asymmetry, hep neutrino observation
® Supernova burst neutrino: explosion mechanism, BH/NS formation, alert with ~1° pointing
® Supernova Relic Neutrino (SRN): stellar collapse, nucleosynthesis and history of the universe

Calculation from FV and Ey,

o - £ 600F T T T S SRNHIZate Fff!cgpnm/ IS nhot nnnnllnfpd
33000 :_Nakazato et al. (2015),1D,20M 5ol g Energy — 10-20 MeV _t 2400 e - . L
g [ Bruenn et al. (2016),2D,20M ", 5 500 - 1 % -
g2500 :-Pan et al. (2016),2D,21M » “‘ ‘JI Mh‘ \ 3 - i g 350 —— JUNO
E | Totani et al. (1998),1D,20M E "“_l"! ) '1 | l ) 400 :_ +_— ; 300
g2 f s 1000 ] TR I " i X?M : MJ T 0| —— HK (BH 30%)
1500 | 3 ‘ "/l“""‘n M 1T 500 i_"{*? bl T*H’r* 5 | —— SK-Gd (BH 30%)
S 2 A 200 AT 329 —— yuNO (BH 30%)
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More science topics

Indirect dark matter search
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Project status



Construction has started

T 20

® Detailed geological survey

® Preparation of entrance of the access tunnel
® Detailed design of tunnel and cavern

® Production of PMT starts

® Power upgrade of J-PARC accelerator and neutrino
beamline

® |nvestigation of near and intermediate detectors
New Power supply for J-PARC MR

= -‘\ -

e \Q\x\‘%‘ S {
X-a - ¢ b
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Hosts and organization

® Host institutions : The Univ. of Tokyo and KEK

® Signed a MoU to promote the HK project (May 2020).

® UT launched Next-generation Neutrino Science
Organization (NNSO) (Oct. 2017).

® Project management organization is defied

® First meeting of Project Advisory Committee (PAC) was !
just held in September 2020
construction,

L Cha|r: TOSh|n0r| MO” (ICEPP) [ProjectAdvisoryCommittee} commissioning,
® 10 members (8 from outside Japan) cinancial Oversight Panl and operation
® Other organizations are also being formed

___________________________ il HK collaboration
[Promotion Council } jOinS the

Promotion Office
HK detector, computing, J-PARC, beam,

Near Detectors, Administration
N )
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Hyper-Kamiokande Collaboration

® [ransition from “proto-collaboration” to the full collaboration
® Collaboration Agreement
® Formed Institutional Board and selected Chair (Emilio Radicioni, INFN)
® Election of Spokespersons, Executive Board, ... this year
® Definition of Construction Working Group and leaders

19 countries, 93 institutions, ~430 people
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International effort for HK constructio

ID mocku at ICRR Linacfor Linac proposal
calibration
Developed in
Klystron and

P Oland klystron modulator

water cooling system

Underwater
electronics: B
Case design and |
feedthrough

gn standard
$S cylinder with one blank end
S5 lid with 26 holes
= 24 for PMT cable Feedthroughs
= | far Comm. cable Feedthrough
= | auxilicry

Outer detector:
PMT + WLS plate (UK)

Klystron Accelerating cavity

water cooling system

Waveguides system

Accelerating cavity

Master clock generator TDC-QTC prototype

Light collector R&D
(Russia & Japan)

Dedicated

Sync and
y SOftware Conception of the light concentrator
clock system Simulation and
test bench at reconstruction e,

TokyoTech

. PMT cover
* in Spain

A
2 2227

The reflective polymeric film

Frame ¢ is glued on a frame around a
PMT.

'/3-inch water proof PMT

Frame can be made of
injection molded acrylic, and
then the film glued on.
Another way is to glue
together ply fiberglass
shaped in the frame
geometry with the film as a
whole detail.

The light concentrator
simplest geometry is a cone
shape, can have a more
complicated curved surface
with thermoforming.

Multi-PMT module:
(ref. KM3NeT)

High resolution Cherenkov ring Lg‘
imaging essential for IWCD
Consider to use for part of HK |

New beam
monitor

Optical frame
(enclosed)

IWCD:simélatior

-~ y

WC test
experiment at
CERN

.....

Aerogel
Cherenkov

mPMT in Memphyno Box&Lme PMT n Super— 27
Electromcs at INFN  water tank in France




Project timeline

FY2020 FY2021 FY2022 FY2023 FY2024 FY2025 F"2026 FY2027 FY2028

Access/‘ .

Geo Cavern
Cavern
survey excavation

/
PMT production

Power line to
___entrance yard

Entrance
B yard

PMT cases, mirrors, electronics etc.

Tank
const.

PMT

installa
tion

= Upgrade of J-PARC accelerator and neutrino beamline

N Y e
Near detector facility, R&D, production

ND construction

Operation
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Conclusions

®Hyper-Kamiokande is the next generation water Cherenkov
detector with a very broad science capability

®Based on the success of Kamiokande and Super-Kamiokande

®Proton decay (>103° years), neutrino oscillation, neutrino
astrophysics, ...

®Project was approved In 2020 and construction has started

®|nternational collaboration is working together for the start of
experiment in 2027
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