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Research Topics

Nucleon decay
Neutrino physics

* Accelerator and atmospheric &

neutrinos
e Solar neutrinos

Neutrino astronomy
« Supernova, Sun, etc.

Dark matter
Sterile neutrino
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Super-Kamiokande

Super-Kamkiokande

Kamioka-cho,
Hida-city, Gifuken,
Japan
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£

The Super-Kamiokande is operated by an international collaboration of about 200 people and about 50 institutes from Japan, the

United States, Korea,|China, Poland, Spain, Canada, United Kingdom, Italy, France and Vietnam.
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History of Super-Kamiokande

SK phases in 30 years SK-Gd (+Gd neutron tagging)
H neutron-tagging

1996 2002 2006 2008 2018 2019 2020 2022 2024 2026

| sk-vii(s) | skl
=

Aug-2002

Accident & Recon. Full Recon.  Elec. upgrade Tank 0.01%Gd 0.03%Gd Coil  Coil repair
Refurbishment failure

— SK Pure water — h Gd-loaded water q

Korean group (SNU, SKKU,CNU) _mm
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Super-Kamiokande 3@th Anniversary Celebratlon
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SK-Gd

« Enhance neutron detection efficiency by adding Gd
— Higher detection efficiency for neutron-producing reactions.

©
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Expected Effects of Gd Loading

« Supernova Neutrinos: A large number of Inverse
Beta Decay (IBD) reactions are expected.

Diffuse Supernova Neutrino Background (DSNB) / “
Supernova Relic Neutrino (SRN) Search :

Real-time Supernova Neutrino Search
Increased sensitivity, directional resolution, reject IBD

backgrounds

« Background rejection is improved
In atmospheric neutrino, solar

neutrino and proton decay analyses
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The latest DSNB result

« DSNB 176 flux from all past _ Proﬁloeltikelihood (Assumed.DS'NB model: Horiuchi+09, 6 MeV, max)
core-collapse supernovae  *f s FERImINALY

« Super-K-Gd reports a 2.66 [ =
preference for a DSNB C e N—

component

* Neutron tagging is central
to background suppression

—2AInL

DSNB flux [cm~2s71]

H. Sekiya, Neutrino 2026
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Solar neutrinos

* Solar neutrinos probe oscillation over a broad energy range
 Current data are consistent with the MSW-LMA prediction
« The MSW transition region remains a key precision test
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Solar-Reactor Consistency Test with Super-
Kamiokande

----------------------- \ .
« SK solar (I-1V) vs. reactor (VI-VII): L N F
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Atmospheric neutrinos

« Updates for oscillation parameters and neutrino mass ordering tests,
and so on.

T~ T
3 2 Normel oo e G 20 o PR ST T
L + < ' NP TS S ) B ER R SR [ B H = 03 —
% C T NOVA 2025 . - Il Norrhal Ordering 1 F Ormeno :
- 33— --- T2K 2023 — C [ Inverted Ordering ] C rue Y. ]
. r ----- lceCube 2024 B L = - N = e
o a S Super-K (zenith) . 15 L Data Fit . b i [ JTruero. ]
S o8l .., — SuperK (L/E) _ 5 ----MC Expectation g | | IN.0. p=0.699 i
L N ] - . [1.0. p=0.042
C B L C 1 102 —
28— i A N 1 10t - ]
2.4 - C i i
r ] 5 [ .
2.2 —: L : ok B
C x SuperK(LJE)BestFlt . 0 o L I N R i W - ]
L1 11 I IIIIIIIIIIII ‘ —LL IILI L LUl lIIL_
-
?0.35 04 0. 45 0 5 0. 55 06 0. 65 0.7 2 -0 -1 022
SII'I g“ N0

Z. Hu @ Neutrino 2026

Aug. 18, 2026 Byeongsu Yang, Gyeonguju, FLASY 2026 11




SK-Korean group: 6 institutes, 19
researchers

« CNU « KNU
« D.E. Jung * J.S. Park
* D.H. Moon 1 graduate student
 R.G. Park
* B.S. Yanqg: A co-convener of calibration
group J ¢ SNU

* JH. Yoo: Country Board
5 graduate students

o GIST
» J.S. Jang SKKU

. IBS/CUP  E.H. Kwon
+ K. Choi LV, ~eo

» 2 graduate students

Byeongsu Yang, K-neutrino symposium 2026, Chung-

2026-10-27 Ang University
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Korean contribution for Super-K

e Calibration
» Water parameter measurement
« Monitoring attenuation length of Gd-loaded water
« PMT timing-charge (time walk) calibration and timing monitoring
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Korean contribution for Super-K

* Physics
 Search for p —e °n°, p = °n°: Seo Ji-Woong, Kwon Eunhyang (SKKU)

« Accepted. (arXiv:2604.10975) _
p — etm'7? "7.2x 1033 years

p — pta070 4.5 x 1033 years

 Search for n —=vn®, p — vrr': Seunghyun Jung

. 3.5 % 10% yr for p - vrt
 Published: Phys. Rev. D 113, 012015 (2026)

1.4 X 10 yr for n — vx°

 Several on-going analyses



Hyper-Kamkiokande

Mt lkeno-yama £ 000 Kamioka-cho, N
K Hida-city, Gifuken, \
gl
Excavat.ed rock Mt. Nijyugo-yama

disposal site

-

Ras &)
650mi
-

HK

Route 41 |
o Tunnel .

Entrance
\;i'l b .
Wasabo ®

Funatsu
Bridge

« about 600 researchers from
22 countries have participated ,
in the experiment VY. 260 kton ultrapure water

o ~20,000 PMTs

Byeongsu Yang, K-neutrino sympbsium 2026, Chung-
Ang University
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Timeline of Hyper-Kamiokande

We are here

JFY2020 JFY2021 JFY2022 JFY2023 JFY2024 JFY2025 JFY2026 JFY2027 JFYZ2028

L N § N I
Prepar Tunnel Cavern

Tank Detector
ation Const. I

excavation Const. Const.
PMT production
4 T R

PMT cases, Electronics etc.

)

Operation

Power-upgrade of J-PARC and Neutrino Beam-line
I R I —— [
Near Detector Facility, R&D, production IWCD construction

Note: JFY=Japanese Fiscal Year starts on April 1st
2026-10-27 Byeongsu Yang, K-neutrino symposium 2026, Chung-

Ang University
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% = Exc“avatlf)n of wo;Ld{Iar »
- made cavern was complete

. T,ankfi/mg work is abc;%fo‘l‘sK

i‘ K

~ complete
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Korean group

Korean Group Representative

7 institutes, ~20 researchers
« CNU, DSU, GIST, KNU, SKKU,
SNU, UNIST

Jonghes Yoo

OD System

Jee-Seung Jang (Head)
Dongho Moon (Purchase)

Calibration

Byeongsu Yang (Head)
Jee-Seung Jang

Executive Board

Jonghee Yoo (Chair)

Jee-Seung Jang (General Manager)
Kyungkwang Joo

Intae Yu
Dongsu Ryu

Electronics

Jik Les (Head)
Jungsic Park

Simulation

Dongsu Ryu (Head)
Kyujin Kwak

Myoung Youl Pac Ji-Woong Sso Chang-Seong Moon
JuneHo Choi EunHyang Kwon Hyun-Sun Jo
2026-10-27 Byeongsu Yang, K-neutrino symposium 2026, Chung-

Ang University
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Korean contribution

« OD electronics
 Inner PMT pre-calibrations
e Laser calibration system

« Most are covered by CPNR (Center for precision neutrino research),
CNU.



Korean contribution: PMT pre-calibration

« PMT test before installation
« Measure position dependence of QExCE, gain, timing, charge, SPE response
 Study QE dependence on angle, polarization, wavelength

 Collaboration among Japan, Korea, and Australia

« Calibration devices developed by Korean and Australian groups
 Tested in CNU and the device being installed in Jikkento (Kamioka-Cho)
* Pre-calibration will start for ~400 PMTs.

Byeongsu Yang, K-neutrino symposium 2026, Chung-
Ang University
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Korean contribution: calibration

« Water parameter measurement same as Super-K
« Laser injector design: finished.
* Testing monitor PMT (NNVT and Hamamatsu) and fiber coupler: on-going

 Laser simulation: on-going

Side view

ND filter to tune
the light intensity

BK7 window

\'

Charge [pC]

TTTT[TTI T T[T T T T[T T T[T T I T[T TTI T [rorTT
| I I | | [ I

"Monitor PMT Gain

4 Gain: 4E + 06
(Ref. 2E + 06)

[ ]
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T-tof histogram
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Korean contribution: Electronics and OD

e Electronics

« KNU has completed the
development of a signal
switcher for calibration.

* OQuter Detector (OD)
e 3-inch NNVT test is done

« All outer detector
electronics will be
produced in Korea

for  [(oJ Rt o)t
9ZnG QUY08 ¥ILLITAS
¥OLI3430 H3LNO

Contrgl'_'.u(m pihe) Ud..
- B B
s gt g (L8

HV2 PMT6 PMT5 PMT4 PMT3 PMT2 PMT1 HV1
HV2: HV input for PMT4, 5, 6 HV1: HV input for PMT1, 2, 3
All SHV connectors are receptacle

2026-10-27 Byeongsu Yang, K—neutr|no.sym'p05|um 2026, Chung-
Ang University
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Summary

« Continued Updates from Super-K

« Adding new results to the established baseline of neutrino and
nucleon decay data.

» Sustaining steady research output during the transition to the next-
generation phase.

* On Track for Hyper-K Operation in 2028
« Shifting focus to detector construction following the successful
completion of cavern excavation.

 Expanding Scope of Korean Contributions

 Super-K: Actively engaging in detector calibration and core physics
analyses.

* Hyper-K: Taking ownership of pre-calibration, optical measurements,
electronics, and outer detector systems.
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Generation of Kamiokande Experiments

Water Cherenkov Detectors Hyper-Kamiokande (2028-)
Kamiokande (1983-1995) Super-Kamiokande (1996-)

3 kton ultra pure water 50 kton ultra pure water

948 PMTs 41m 11146 PMTs
KOSHIBA 7Tm
Masatoshi KAJITA.
2002 Nobel Prize Takaaki
2015 Nobel Prize

Discovery of Neutrino

Foundation of Neutrino Astronomy Oscillation

« Supernova (SN1987A) neutrinos i . * Atmospheric Neutrinos
e B8 Solar neutrinos 260 kton ultra pure water

~20,000 PMTs

Byeongsu Yang, K-neutrino symposium 2026, Chung-

2026-10-27 Ang University
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Generation of Kamiokande Experiments

Water Cherenkov Detectors Hyper-Kamiokande (2028-)
Kamiokande (1983-1995) Super-Kamiokande (1996-)

E-hut

3 kton ultra pure water

50 kton ultra pure water
948 PMTs 41m

11,146 PMTs

71m

No Korean group

A few Korean researchers 5 Korean institutions

About 20 researchers

7 Korean institutions

260 kton ultra pure water
About 20 researchers ~20,000 PMTs

Byeongsu Yang, K-neutrino symposium 2026, Chung-
Ang University
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Expected Effects of Gd Loading

« Atmospheric Neutrinos
 Improved neutrino/antineutrino discrimination

* Proton Decay
« Enhanced atmospheric neutrino background rejection

 Solar Neutrinos
 Improved cosmic-ray spallation background rejection



Contribution of Korean group ectors 12002 -

ICRR injector
(2000-2018

Korean group injectors

Scattered

- = — = SESSESESTNUN
—

Byeongsu Yang, K-neutrino symposium 2026, Chung-
Ang University
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TOF-subtracted time (ns)

empirical functions used in SKDETSIM
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Ang University

~3% for symmetric scattering

0-40% Tor absorption
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Hyper-K Korean group: /7 institutes, ~20
researchers

KNU
« C.S. Moon

« J.S. Park

 J Lee

« HS. Jo

GIST
« J.S. Jang

DSU

« M.Y. Park
« JH. Choi

SNU

* J.H. Yoo: Country Board
« S.H. Jeon

« SKKU
 E.H. Kwon
 JW. Seo
* |.T. Yoo

« UNIST

« KJ. Kwak
 DS. Ryu

* CN

U

D.H. Moon

« B.S. Yang
+ KK.Joo
« D.E. Jung



