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Transparent Universe

Neutrinograph by Super-Kamiokande
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Kamiokande

Cherenkov light

Neutrino Hyper-Kamiokande
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CP-Phase

The 2023 EPS High Energy and Particle Physics Prize is awarded to Cecilia Jarlskog for the
discovery of an invariant measure of CP violation in both quark and lepton sectors; and to the
members of the Daya Bay and RENO collaborations for the observation of short-baseline reactor
electron-antineutrino disappearance, providing the first determination of the neutrino mixing angle
©13, which paves the way for the detection of CP violation in the lepton sector.
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EPS HEPP Prize (2023.08.21)
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HK Physics

HK 10 years (2.70E22 POT 1:3 v¥)
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HK AstroNeutrinos

e Neutrino Astrophysics Boooo oo
- Supernova neutrinos Jooua
- Solar neutrinos §
- Atmospheric neutrinos ’
- Dark matter search
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Hyper-Kamiokande

B Maruyama [
- 3 - . A A

R

P Vit Niyugo-ya
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e 0.26 Megaton pure water
190kt fiducial volume

e 20,000 50cm ID PMTs

e 3500 7.5cm OD PMTs

e 600m under the Nijyugo-yama
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HK 7= 218 (2025.11)
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J PARC Neutrlno Beam Llne
S | 4OOMeV LINAC T
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J-PARC Neutrino Beam Upgrade

o [ (1) Magnet PS upgrade ;
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J-PARC Near Detectors

e T2K near detectors (280m downstream) measure beam profile

» Tracking detector serving as a near detector

- 280 [m] baseline w/ 2.5° off-axis

 Flux and interaction of unoscillated neutrinos
- target systematic below 4%, long term to <2%

» Detector upgrade completed in 2024

* Further upgraded to ND280++ in the future

* Interactive Neutrino GRID
« On-axis neutrino detector
- Beam profile measurement
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Intermediate Water Cherenkov Detector

o e 850m baseline with 1.5~4 degrees off-axis
e —" e Vertically mobile detector

e Equipped with mPMTs

e Reduce energy-dependent systematics

e Under construction

muli-PMT Madule
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FD1 (IDPMT)
Japan, Spain

FD2 (multi-PMT)

Czech, Canada, ltaly, Mexico, Poland

FD3 (ODPMT, Tyvek)

Australia,

Korea,

UK

FD4 (Electronics)

France, Italy, Japan,|Korea,|Poland,
Spain, Switzerland, UK (for OD)

FD5 (DAQ)
UK

FD6 (Calibration)

Australia, Canada, |[Korea

Morocco,

Poland, Spain, UK, USA
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HK 50-cmD PMTs

9700/20000
50-cmD PMTs
are delivered

_ower Band

Holder

oteel Bogy
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HK PMT Installation Test

Cable connection

Installation check




Korean Group Institutions

e Gwangju Institute for Science and Technology
e Kyungpook National University

® Dongshin University

e Seoul National University

e Sung Kyun Kwan University

e Ulsan Institute for Science and Technology

e Chunnam National University

Korean Group's HK Commitment gent.e‘r For

e Electronics system Noutsin

e [nner Detector PMT (20-inch) pre-calibration Research
e Korean laser calibration system S 40| L AP HE

e Computing support
e Quter Detector PMTs
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e 20-inch PMT pre-calibration

- Magnetic field dependence measurement

w/ and w/o mu-metal shielding
- Single p.e. and gain calibration
- Incident angle dependence test
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HK 3212 (GIST, M2CH)

e HK water transparency calibration system
- A successful operation of SK Korean light injector system
- Korean group will install a similar calibration system for HK
The opening angle from the injector: ~ 5
Light source
- Nano-pulse laser (~5 wavelengths for 300nm~500nm)

- A common light source for all injectors (w/ an optical switch) /.

SK K.o‘fean' Light Injector Systém

U s \
.

// \\\
\
,’ o
\ ; @ KR injectors
\
\ ,/ e UKinjectors
27 26 25 *24
23 22 *2] 20
|y 8 017 *lE
®l5 a4 *l3 LBV
ell 10 oy *s
a7 ) e o]
3 o2 o] o0
7 N\
/
\
[ 31 @20 |
\ 32e 30




HK et=x1F (GIST, M=CH)
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Korean Group's HKOD PMT

e Joined FD3 group in September 2023
e 1M USD for OD PMT purchase (FY24~26, secured)
e PMT purchase schedule needs to be tuned
The bidding process takes ~3 months (average)
Close communication with the U.Tokyo is crucial

Korean Group's HKOD Activities

® NNVT 3-inch PMTs delivered at GIST

e OD PMT test will start soon

- Dark rate

- Single PE

- Charge and timing response

- Wavelength dependence

- Stability

- Temperature test (room temperature +2°)
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HK 8t=15 (ASCH, GIST, AM2CH)

e Signal Switcher for Electronics Test

PMT signal simulator for electronics test
16-ch Signal Switcher

+6V +6V
Sync. In  for Control for Relay

Serial Board Board Input
Port

Sync. L l/

Out -
= 3
N R : ' ' mm
= i 3

ﬂ

ontmlBoT _.f -", * #2 Rilay Bokrd

* —"'—m : AXICOM
FPGA -+ . A \—\] u HF3S relay
o = ‘“‘g&-? r
JTAG e .| ; A Outputs
h I' ¥ I [ |
Flat Cable '
(40 pin)

Lrplings Fi]

N < LU oS ’
= [ e R Y N S ESYEIT
2 : - ' ' ) ' ¢ = B
A e et Rty PR e
- bl - [ ' '
- i W=~ B ey A T TRy T oTTmha T
1.5 b L . . ' .
1 20 ' '
2 |

' ’ | RN
E“Y“FM\“\VWW “”‘“"ﬂﬁ’"ww,w _ o

[ A - . A4 T
T 19 1y N IP‘( |‘~ 1 0= ok ] 0 Lz [ 28
s Arrpliude ImV]

noise <47uV
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Units are sent to France, CERN, Korea
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Calendar Year

2024

2025

2028

Month

/7 819

10 11112/ 1 2|3

415|6|7 8(9

1011 12| 1

11 12

10[11/12[ 1]2]/ 3| 4]5]6

Cavern
excavation

Barrel part

Tank Lining

Support
Structure

Detector
Installation

Procurement

Procurement

‘ Tank construction

| _
Top
| .

Photosensors/elec ftyvek needs
to be supplied to the HK tank.

Barrel Bottom

2D B

Water &
Operation

|‘ | ll

Operation
| J

e HK operation wil

begin in 2027
e 1.3 MW upgrade neutrino beam from J-PARC by 2027
e Upgraded and additional near detectors at J-PARC

e Korean HK Group is in charge of
- Low noise OD Electronics

OD Feedthroughs (underwater)
_aser Calibration System (underwater light injectors)
PMT Tests

WCD = 7|0{ (27
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S380|xa

e Super-Kamiokande
e Hyper-Kamiokande

e E56: JSNS2

[
=

= =

® E45 (u'
e E17 KOTO experiment (J-PARC)
e LEPS2 (SPring-8)

(
o E72 (u'
(

PARC)
PARC)
PARC)

PARC)

e E373 (KEK)

e RIBF (RIKEN)

e Korea-Japan PHENIX Collaboration
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e COMET (J-PARC)

e Muon g-2/EDM (J-PARC)

e+e-
e Belle I/ll (KEK)
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e Summer Institute Series
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