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YPER

Broad Science Program with Hyper-K M i

Neutrino oscillation physics
comprehensive study with beam and atmospheric neutrinos
determination of neutrino mass hierarchy
determination of 6,, octant
measurement of CP Violation in leptonic sector
reveal exotic scenarios

Search for nucleon decay O
possible discovery with ~10 x SK sensitivity QC} N
all visible modes including p — e*n® and p —» v K* Q;\.Q @Q
reach 103° years sensitivity RS \15\0
x O
Solar neutrino physics NG

precision measurement of Am?,,
measurement of energy spectrum upturn
discovery & measurement of hep neutrinos

Neutrino Astrophysics
high statistics measurement of SN burst neutrinos
detection and study of relic SN neutrinos
indirect Dark Matter search from Galactic Core, Sun, Earth

Geophysics (“neutrinography” of Earth’s interior)



The Hyper-Kamiokande Detector Hic

Large Water Cherenkov Detector dw
Larger mass for more statistics

Better sensitivity by more photons with improved sensors

Cherenkov light
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total volume 260 kton
fiducial volume 190 kton

inner detector
20,000 50 cm PMTs
few 1,000 M-PMTs

outer detector
6,700 8 cm PMTs




Relative single photoelectron hit efficiency

Upgraded Photo-Sensors
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Super-K PMT
used in SK for 20 yrs

HQE SK PMT

under validation
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Enhanced performance

Photo Detection Efficiency 2 x bigger

Timing resolution 2 x as good

Increased Pressure tolerance x 2

- enhance p — v K* signal

- solar v lower threshold

- neutron capture signature
(n+p—>d+y -2.2MeVy)




3 Generations of Kamioka Detectors M

Kamiokande Super-Kamiokande Hyper-Kamiokande
(1983 — 1996) (1996 —) (2027 — )

Electronics

_ GEEFEEITIEGEI RS IR

3 kton 50 kton 260 kton

20% coverage 40% coverage 20% coverage with
with 50 cm PMT with 50 cm PMT high-QE 50 cm PMT
Observation of SN1987A Discovery of Prepare for the %
v oscillations unknown ,




The Hyper-K Collaboration
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From J-PARC to Kamioka (T2HK) MK

Super-Kamiokande

Mt. Noguchi-Goro
2,924 m

Mt. lkeno-Yama
1,360 m
1,700 m below sea level

Meutrino Beam

295 km

260 kton Water Cherenkov Detector Upgraded J-PARC neutrino beam




Beamline Upgrade

Near Detectors Beam Dump

Decay Volume
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The Near Detectors @ J-PARC Hic

upgraded ND280 Near Detector designed to address v — Nucleus
interactions and modeling

enlarge phase space (4rn coverage)

efficiency for short hadron tracks
with proton reconstruction

improve electron neutrino selection

new: horizontal TPCs
scintillator target
ToF

Intermediate Water Cherenkov @\%

~600 ton water Cherenkov “‘*\ek
located at ~1 km from v source 7

off-axis angle spanning orientation
vary v peak energy

f O TTIETTETTD

probe neutrino energy vs. reconstructed energy

multi-PMT units (good reconstruction despite small det)

potential to loading with Gd to measure neutron productionhﬁ v




Number of Events

Difference from 8., = 0 (events)

Beam Events in T2HK: v, appearance H

Antineutrino beam

HK 10 years (2.7E22 POT 1:3 viV)
——

Neutrino beam

Number of Events

HK 10 years (2.7E22 POT 1:3 viV)
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T2HK Sensitivity to

assumes normal ordering known

significance to exclude 6., =0

HK 10 years (2.70E22 POT 1:3 vi¥)
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Hyper-K preliminary
True normal hierarchy (known)
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sin d-p = 0 exclusion:
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~8-0 significance if 8-p =
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Mass Hierarchy Hic

295 km baseline does not produce significant matter effects
atmospheric neutrinos are sensitive to matter effects in Earth
beam v + atmospheric v — sensitivity to mass ordering

atmospheric neutrinos allow to break possible degeneracies between MH and d.p
when MH is unknown
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More Physics with Atmospheric v HWER

Atmospheric v:
neutrinos with various energy,

flight length, and flavor Vr cross section Sterile limit
10|:x . — : ', —
. 8:_\ /
v, Cross section measurement A /
ol \ f
Sterile neutrinos ¥ f\ /
Lorentz violation studies 15 \
(3 — 4 x stronger than current SK limits)  [= \\ //
%.8 12

c CC v, Normalization

dark matter annihilation into SM part.
(3 — 5 x stronger than current SK limits)

Sensitivity to outer core chemical composition (10Mtyr)

Geophysics 2
. o 3
chemical composition : 3 Ll QR
of Earth’s outer core g <l |
. e 2 1
using matter effect : 1N
8 1 2t’au— =
3 sin [E— i
P
= 0 0.2 0.4 0.6 038 1




Hyper-K Schedule

H‘E

2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028
J-PARC
accelerator PS upgrade Upgrade RF etc. toward 1.3MW
: Upgrade
Beam line for >TE0KW Upgrade Target etc. toward 1.3MW
J-PARC _
operation ﬂ'ZK gata takifo) -
HK near det. Near detector facility, R&Dm production ND construction
Geo. Tunnel Cavern Tank PMT
Survey | const. excavation const. installation

HK far s ssyinsedten s -
MT cases, Mirrors, Electronics etc.

detector

Water system

Comm
ssioning




Summary

A new adventure in v Physics to start

Hyper-K next generation neutrino experiment, 190 kton fiducial volume
Hyper-K will address major open questions in science

Neutrino CP violation and mass ordering
Proton decay
Astrophysics (SN neutrinos)

Construction of Hyper-K water Cherenkov is ongoing (started in 2020)

J-PARC beam upgrade to 1.3 MW
Upgrade Near Detectors
Intermediate Water Cherenkov Detector

2020 2021 2022

Start to take data in 2027

Tunnel excavation
Cavern detailed design Cavern excavation
Tank detailed design  Tank construction
Water filling
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