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Hyper-Kamiokande collaboration

Proto-collaboration
- formedin 2015

~ 300 members from 14
countries (71 institutes)
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Hyper-Kamiokande detector

Two 74m (D) x 60m (H) tanks
Total (fiducial) volume of two tanks: 516 kT (374 kT).

We are prioritizing the quick realization of the first tank,

with a second tank to follow. Unless indicated, all plots in

this talk show sensitivity with one tank.
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Hyper-Kamiokande detector
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Water Cherenkov technology

Neutrino Neutrino

Nucleus - Electron ©

Muon or Electron

Cherenkov light Cherenkov light

The generated charged particle emits the Cherenkov light.

Muon: sharp ring Electron: fuzzy ring




Hyper-Kamiokande site
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HK phot

otubes
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HK phototube development

Covers to protect against pressure Mult-PM'T option (adapted
are being developed from KM3Ne'l design)




HK construction ttmeline

FY2018 @ FY2019 @ FY2020 @ FY2021 FY2022 FY2023 FY2024 FY2025

Construction management

>

Licensing Tank PMT support &

procedurg Access tunnel> Cavern excavation > lining PMT installation
Preparatory congtructlon AEEroagh tunnel, water room Water system Water
Geological construction ;illing

survey >'Cavern figal design '
Preparatory construction
for excavated rock disposal Excavated rock disposal at Maruyama >
( Tank final design

Photosensor production >

Photosensor housing production 5>

Electronics production >

Data taking expected in 2026



Hyper-K detector (Kamioka)
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J-PARC neutrino Beam (Tokai)

Building off the successful T2K
program, Hyper-K also plans to
measure neutrinos from the J-PARC
neutrino beam
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J-PARC beam — Planned upgrade

T2K-1l Protons-On-Target Request

Plans to upgrade main
ring would increase J-

PARC beam power to
~1.3MW

Upgrades will mean
3x more beam power
by 2026 (in time for
Hyper-K)
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See Mathieu Lamoureaux’s talk tomorrow in the WG1+WG2 session at 11:30

Near Detector — Planned upgrade

Barrel ECal

Horizontal TPC

Scintillator target
Horizontal TPC

- g _

New detectors:

two horizontal TPCs,

one scintillator target,
TOF detectors =

Same as present ND280
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See Cris Vilea’s talk tomorrow in the WG1+WG2 session at 11:30
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Hyper-Kamiokande Physics Goals

Solar neutrinos CP violation Astrophysical neutrinos

Proton decay Mass hierarchy 14



See Christophe Bronner’s talk today in the WG1 session at 14:48

Neutrino oscillation parameters
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High precision oscillation parameter measurement:

d(sin%0,;) ~ 0.006 (for sin?0,,=0.45)

d(Am?;,) ~ 1.4%10eV?
d(sin%0,,;) ~ 0.015 (for sin?0,,=0.50) !
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Octant determination: Using
accelerator neutrinos

Normal Mass Hierarchy
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Number of events/50 MeV

CP violation measurement

Looking for differences in the oscillation behaviour
between neutrinos and anti-neutrinos

Neutrino mode: appearance
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CP wviolation measurement: Using
accelerator neutrinos

Significance for sindcp=0 exclusion
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After 10 years of running, HK will be able to measure
~350% of the 8.p space to better than 50
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\/Ax? Wrong Hierarchy Rejection

Mass hierarchy

0 years of running, atmospheric-only
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Depending on 0,3, mass hierarchy can be determined

with VAY?2 between 4 and 6
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\/Ax? Wrong Octant Rejection

Octant determination: Adding
atmospheric neutrinos

10 years of running, atmospheric-only Combined atmospherict+accelerator
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CP violation measurement: Resolving
parameter degeneracies by adding
atmospheric neutrinos
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Nucleon decay

Flagship nucleon decay modes:

p »et !

gamma

”

Positron 70
Proton \

gamma
p »>VK* 3
2y
P
ot (X
236 MeV/c

Mode Sensitivity (90% CL) [years]|Current limit [years]
p—etal 7.8 x10%4 1.6x1034
p—=vK*t 3.2 x10* 0.7x10%
p— pta® 7.7x10% 0.77x10%
p—etnd 4.3x10%4 1.0x 1034
p—pty’ 4.9%10% 0.47x 103
p— e+p° 0.63x1034 0.07x 1034
p—putp° 0.22x 1034 0.06x10%
p—etwl 0.86x10% 0.16x1034
p— ptwd 1.3x10%4 0.28 1034
n—etn 2.0x10* 0.53x10%
n— ptn- 1.8x10%4 0.35x 1034

Limits will be improved across all

nucleon decay channels, some by

an order of magnitude.
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Solar neutrinos

Measuring the transition region Solar upturn sensitivity
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Hyper-K can measure the solar upturn to ~30 (30) after 10
years with 3.5 MeV (4.5 MeV) threshold
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Flux (fom /s or fem /5/MsV)

Solar neutrinos

Measuring the hep neutrino
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Good energy resolution and high statistics means
Hyper-K will have sensitivity to hep solar neutrinos
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Supernova neutrinos

What would a galactic (10kpc) supernova look like in Hyper-K?
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Supernova neutrinos

Seeing distant supernovae with Hyper-K
2 tank (0.37Mt FV) 1 tank (0.19Mt FV)
5 i AR N R N B 1 F DRI RASES RALA) FLASY R2RLN REAR] RORR] LARD] RARR S

ank

> 1 [ 2 | (Wit L) o] | JErTerIeTe]
Z09F L\ 4 0.9F ; ; =
Sos| { osf |\ :
& 0.7f 0.7[ & :
506} 0.6F | -
gosf 0.5F ol -
S0.4F 0.4F Z\ 3
0.3 0.3F &\ .
0.2 N 0.2¢ o =
0.1 - N e 0.1 ; e - :
o'...l..l.. M T Pl Loy, 0:1...1... ek T T S DT
012345678 910 012345678 910

Distance (Mpc) Distance (Mpc)

For 4Mpc supernova
10-20 % for P(N >= 2) 3-6% for P(N >= 2)

Livermore, 10 MeV threshold, expectation range from oscillation effects



See arXiv:1611.06118 [hep-ex]

HK-K

Beam center

KOREA

Sea

Kamioka
JAPAN

J-PARC

Exploring option of putting second HK tank in Korea
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T2HKK

True Normal Mass Ordering
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- Two detectors in Japan

\ Second detector in
-/ Korea, two colours for
two different

candidate sites

True Inverted Mass Ordering

6cp (rad.)

ch (rad.)

The second detector in Korea allows us to better measure the
CP-phase, compared with both detectors in Japan
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HK Status

* In summer 2017, HK was listed as a top project on
the Ministry of Education, Culture, Sports, Science
and Technology (MEX'T) roadmap with the highest

possible rating ot (a,a)

* A budget request to the Japanese funding agency
has been submitted

* Many opportunities for new collaborators to make
an 1mpact - please join us!



Summary

* Hyper-K will be a world-leading water Cherenkov

experiment

* Good prospects for detecting CP-violation,
oscillation parameters, and mass hierarchy with
accelerator and atmospheric neutrinos

* Non-accelerator physics goals include nucleon
decay and astrophysical neutrinos

* Placing the second HK tank in Korea could
enhance our sensitivity to our physics goals,
including GP-violation.



31



