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Super-Kamiokande(SK),

Hyper-Kamiokande(HK),
Korean Neutrino Observatory(KNO)

® \Water Cherenkov Detector

electron

neutrino

PMT (Photo Multiplier Tube)

SK HK KNO
Water volume | 50,000 ton | 260,000 ton | 500,000 ton
20" PMT ~13,000 ~20,000 ~30,000




Super-Kamiokande (SK)




SK Data Taking Phases

® Data taking since 1996
— Gd-loading phase: SK-VI (0.01%), SK-VII (0.03%)
— Improve neutron tagging efficiency (75% for SK-VII)
Especially useful for search of diffuse supernova neutrinos
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Linyan Wan, NEUTRINO 2022



Korea SK Group
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® Korean laser system= A}-& st water parameter S8 4

® Ongoing SK Data Analyses
— Seasonal variation of solar neutrino
— Search for p—e*mom® and p— o
— Search for n—vt? and p—vr*



Light Scattering Measurement in SK
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® Korean laser system ( 7 injector positions, 5 wavelengths)
— measure water parameters for each period



Seasonal Variation of Solar Neutrino
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® Measure seasonal variation of solar neutrino flux
— preliminary results consistent with predictions based on
orbital corrections, neutrino oscillations and MSW effect



Search for p—e*mr°m® and p—pu*tmom®
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® Search for three-body decay of protons

— previous measurements from IMB (~

1032 yrs)

— Using SK |~V data, sensitivity up to 6~8 X 1033 yrs



Hyper-Kamiokande (HK)




Status of Hyper-K

Project Status

2020 > 2021> 2022> 2023> 2024> 2025> 2026> 2027>

MOU S|gnedTMay 2020 Approach and Peripheral
-~ ; tunnels, Summer 2022

Operation
starts 2027

Tan
Constructlon I
PMT production !

Jeanne Wilson, NEUTRINO 2022

|I Cavern Excavation

. [
Access tunnel complete, Feb 2022




Status of Hyper-K
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Korean Hyper-K Group
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@® Contributions of Korean HK group
— water calibration= </t improved laser system
— PMT pre-calibration (2023~2025)
— possible contributions to HK computing

Korean Laser Injector at SK PMT Test Bench




Korean Neutrino Observatory (KNO)




KNO Science
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Multi-purpose.Underground Neutrino Detecto

Nater Cherenkov Neutrino Detestor



Neutrino Beam from J-PARC

~1.5 deg. off axis
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see hep-ph/0504061

By K. Hagiwara, N. Okamoura, K. Senda



Neutrino Physics of KNO

® Observation of CP Violation (d.,) in the Neutrino sector
— possibly explain the matter-antimatter asymmetry in
the universe

® Determination of Neutrino Mass Hierarchy

® Search for Proton Decays
— predicted by GUT model (1034~103° yrs)

® Search for self annihilating Dark Matter in the Sun,
Earth,..

® Search for Non-Standard Neutrino Interactions and
many others 4



Neutrino Astronomy of KNO

® Supernova Neutrinos
o .
Solar Neutrinos \\Q((\*

Q
® Neutrinos from active gaﬁ%tic nuclei and microquasars
Q"%
. D) .
® Neutrinos fro&@fﬁck hole and neutron star merging
W | .
® Neutrlr& from interactions of cosmic protons and
nuclei in the Galaxy

® Neutrinos from gamma-ray bursts (GRB)

® Neutrinos from dark matter decays
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® KNO =Xt #M (2018.10)

® 471 2| working groupE0| & &

® =LH§ 1007 CH&} 4004 H 2| HiAlZ o4 A} &EH0d

KNO Organization Chart

Executive Board

(32l

Conference Board

Astronomy Facility Software

Physics

Working group Working group Working group Working group

www.kno.or.kr
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Site Height Baseline Off-axis angle Elements of rock
(m) (km) (degree)
Mt. Bisul 1084 1088 1.3% Granite porphyry,
Andesitic breccia
Mt. Hwangmae 1113 1140 1.8° Flake granite,
Porphyritic gneiss
Mt. Sambong 1186 1180 1.9° Porphyritic granite,
Biotite gneiss
Mt. Bohyun 1124 1040 2.2 Granite, Volcanic rocks,
Volcanic breccia
Mt. Minjuji 1242 1140 2.0 Granite, Biotite gneiss
Mt. Unjang 1125 1190 2.9° Rhyolite, Granite porphyry,

Quartz porphyry




Activities on Detector R&D

® Development of Silicon PMT
- Kyungpook National University (KNU)

- Hybrid PMT using photocathode, scintillator, and SIPM

Photon-incident window with
photocathode deposited inside

Tungsten wire

Focusing _ _
electrode

Scintillator ¢
(with metal layer
on top)

12



Activities on Detector R&D

Rn detector prototype
® \\Vater prIfICatIOﬂ system radon vacuum i@ ‘ [

degasifier, highly sensitive radon detector g 1{ . 5"
- Seoul National University (SNU) in
collaboration with DICOTECH
- prototype construction

Blueprint of Water system




KNO Software Development

® Develop KNO reconstruction packages which can be used to
study sensitivities and to optimize the detector design

® Use NuWro/GENIE as generators and WCSIM as the detector
simulation

® Separate reconstruction packages for low energy and high
energy neutrinos being developed
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