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Overview of Korea Neutrino Observatory (KNO)
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PMT (Photo Multiplier Tube)

« KNO will be the largest underground water cherenkov neutrino detector in the world



Overview of Korea Neutrino Observatory (KNO)
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Main Physics Goals of KNO

® Discovery of leptonic CP violation and precise measurement of
CPV phase (6cp)

® Search for proton decays
® Observation of cosmic neutrinos : Neutrino Astronomy

® Search for BSM physics in the neutrino sector and

many others



CP Violation in the Neutrino Sector

® Neutrino Oscillation Probabilities for v, and v,
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- CP violating phase : 6 (&¢p), Baseline : L

- Non-zero sin &, gives different oscillation probabilities for v, and v, leading to

CP violation in the neutrino sector

- For a fixed energy, CP violation is 3 times larger in the second oscillation maxima



CP Violation at KNO

® KNO plans to use v, and v, beams from J-PARC in Japan

- KNO and HK share

KNO p ; Hyper-K
, = J-PARC beam
ﬂ - Baseline from J-PARC
e to KNO is about 3

1.5~2.5 deg. off axk | times longer than HK

he J-PARC v, beam comes o Korea.

Beam center

Kamioka

JAPAN
2.5°

J-PARC

see hep-ph/0504061
Off-axis angle By K. Hagiwara, N. Okamoura, K. Senda



CP Violation at KNO

® v, and v, Energy Spectrum and Oscillation Probabilities at KNO
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Statistical Significance

CP Violation at KNO

® Significance of CP Violation Measurement at KNO
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1o Precision (°)

CP Violation at KNO

® Precision of O, Measurement at KNO
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® Search for Proton Decays at KNO
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Number of Supernova Neutrinos

Neutrino Astronomy at KNO

® Observation of Supernova Neutrinos at KNO
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KNO, HK, and DUNE

} Phase II FD

Water Cherenkov Detector Water Cherenkov Detector Liquid Argon Detector
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History of KNO

® 2005~2007: Proposal on a far detector in Korea to J-PARC neutrino beam

by Prof. T. Kajita and Prof. S.B. Kim et al

® 2017: Preliminary geological surveys were done for KNO candidate sites
® 2018: White report on the Korea detector published (PTEP)

® 2018. 10 : Kick-off meeting for KNO organization
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KNO Organization

® KNO working groups have been organized

® Currently 14 institutions are participating in KNO project

Kyungpook National University

Kyung Hee University

Dongsin University

Seoul National University

Sejong University

Sungkyunkwan University

Chonnam National University

Chung-Ang University

Chungnam National University

Jeonbuk National University

Korea Astronomy and Space Science Institute
Seoul University of Science and Technology
GIST

UNIST



KNO
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KNO Candidate Sites
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Activities on Detector R&D

® Development of Silicon PMT (SiPMT)

- Kyungpook National University
- Hybrid PMT using photocathode, scintillator, and SiPM

® Design of Water Purification System

- Seoul National University and Chonnam National University in collaboration with DICOTECH co

® Development of Radon System

- Seoul National University
- Radon Degasifier (DICOTECH), Highly Sensitive Radon detector (DAON)

® Development of KNO Software

- Sejong University, Sungkyunkwan University, UNIST
- KNO event reconstruction package



Detector R&D on PMT

Incident photon Window Photocathode

Vacuum tube
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Photoelectron | g

Trajectory \ S )
Photoelectron ke
Energy \ Metal Film
Scintillator

SiPM pixelated

v' Fast response time : ~ few ns
v' Large detection area

v High multiplication : 2 X107/

Alkali (Cs, Na, K) Metal Dispenser (AMD)

Sb bead

Focusing electrode

Photon-incident window with
photocathode deposited inside

Scintillator (with Al layer on top) + SiPM

8-cm glass tube

Glass-Kovar pin
sealing

Glass-Kovar tube "
sealing Vacuum flange

v" Design and fabrication of 3
inch PMT in progress

v" KNO outer detector needs
O(1000) small PMTs



Design of Water Purification System
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Detector R&D on Radon System

radon degasifier prototype radon detector

v Radon Vacuum Degasifier (DICOTECH) for radon removal
v Highly Sensitive Radon Detector (DAON)



KNO Software Development

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

® 15t version of KNO reconstruction package based on goodness fit developed and
2nd version of KNO reconstruction package based on likelihood fit being developed

3D event display with EVE tool Energy resolution
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Conclusion
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KNO Collaboration
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CP Violation in KNO and HK

CP UlgA A W] BAA fo

QA ol

8p = 210°
HK
— HK+KNO(1.5°)
— HK+KNO(2.5°)

—I\N\‘INI\‘\III‘IIII’IIII|IIII

Illllllll llI]IIIIIIIIIIIIIIIIIIIIIII
026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046

1,31:

10

9

= 0~54°, 112~360° from Nature (2025) by T2K and NOvA

CP U144 A% 2] BAA

FOE @ ol

8cp = 270°
HK
— HK+KNO(1.5°)
— HK+KNO(2.5°)

—III‘IIIIINI‘IIIIIII|I

lll||1[|ll[|l]l|[l||||I|Jl|‘\|||||||lll
2028 2030 2032 2034 2036 2038 2040 2042 2044 2046

1dl::

026



A 22 ()

=
=

CP Violation in KNO and HK

® CP phase §,, = 0~54°, 112~360° from Nature (2025) by T2K and NOvA
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