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Hyper-Kamiokande Overview

Near detector (Tokai)

D E

Horizontal TPC

Scintillator target
Horizontal TPC

Hyper-K detector (Kamioka) Intermediate

water Cherenkov detector
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MR (750 kW)

J-PARC neutrino Beam (Tokai)
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Neutrino Neutrino v

O

Nucleus - Electron °

%

Muon or Electron

Cherenkov light Cherenkov light

The generated charged particle emits the Cherenkov light.

Muon: sharp ring Electron: fuzzy ring
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Relative single photoelectron hit efficiency
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Hyper-K baseline design:

box and line PMTs

Twice the detection efficiency, better timing

and charge resolution
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Covers to protect against pressure are Multi-PMT option being explored
being developed
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Broad physics program

Solar neutrinos CP violation Supernova neutrinos

Proton decay Mass hierarchy
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Looking for differences in the oscillation behaviour between neutrinos
and anti-neutrinos

Neutrino mode: appearance Antineutrino mode: appearance
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Significance for sindcr=0 exclusion

10 - Normal mass hierarchy -
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After 10 years of running, HK will be able to measure ~50% (~80%) of the 8p
space to better than 50 (30)
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Beam center

Exploring option of putting second HK tank in Korea

OAA=2.5°, =295 km, Normal Ordering OAA=1.5°,L.=1100 km, Normal Ordering
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Putting the second detector at the second oscillation maximum means our
signal has a different shape —makes us less sensitive to systematic errors
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Events/bin

“yper-Kamiokande

Detailed measurements of a galactic
supernova
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Measuring the average properties with the diffuse supernova neutrino background
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yner-Kamiokande funding status
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Hyner-Kamiokande funding status

(MEXT) will start the next-generation neutrino
research project “Hyper-Kamiokande” in JFY2020.
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Next generation of neutrino project with a 260 kton
detector and the J-PARC upgrade. The project will
reveal the mysteries in elementary particles and the
Universe by the observation of proton decays and the
neutrino researches including CP violation.
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Hyner-Kamiokande timeline
> > >

Construction Access Approach
prep Tunnel Tunnel PMT installation
e >
Cavern Excavation Tank installation
>
20” PMT production
> > >
Electronics production Testing Installation

Data taking

sl
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The Water Cherenkov test experiment @ GERN

Forming a new, multi-collaboration group
(Hyper-K, ESShuSB, THEIA)

Tracking planes
Target Collimator

TOF e
/ ipol
Aerogel Dipole
Cherenkoy ™Magnet
Jo Hyper-Kamiokande Erin O'Sullivan - Partikeldagarna 2019 UPPSALA
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The Water Cherenkov test experiment: goals

Testing of critical ~Measure the detector response in a Test calibration
components beam of known particle type and devices
enet
Muli-PMTs -0 sy
Eé'T--.gank
&1, I

.""-‘.,test beam tank
Water-based liquid st
scintillator (THEIA) 3.4m

beam
5m .

i
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Hyper-Kamiokande outiook

* Construction will start in April 2020, data taking expected in April 2027

* An experiment is planned at CERN to test crucial hardware for the
intermediate and far detectors (2021-2024)

* More information in our design report arXiv:1805.04163, a technical
design report should be released shortly
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N“clenn decav Mode Sensitivity (90% CL) [years]|Current limit [years]
p—etn? 7.8 x1034 1.6x10%
Flagship nucleon decay modes: p—vK"T 3.2 x10% 0.7x10*
a0 p—pta® 7.7x10* 0.77x10*
p 96 T 0 34 34
p—etn 4.3x10° 1.0x10
gam/;a p— utn® 4.9x10% 0.47x 103
positron ;,( p—etp” 0.63x 1034 0.07x1034
-——)-
Proton p— ,1+p0 0.22x 1034 0.06 x 10’}4
\ p—etw’ 0.86x 1034 0.16x10%
e p— ptwd 1.3x10% 0.28x1034
p 2>VK* , n—etnm 2.0x10% 0.53x 10
'V n— pta 1.8x10%4 0.35x1034

u+

236 MeVic

Limits will be improved across all nucleon decay
channels, some by an order of magnitude.
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Measuring the transition region
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Hyper-K can measure the solar upturn to ~5¢ (30) after 10 years with
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Plans to upgrade main ring would increase

"’nnﬂ Ne“trino Beam beam power to ~1.3MW (3x current power)

T2K-Il Protons-On-Target Request
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The Hyper-Kamiokande near detector

Barrel ECal

Horizontal TPC

Scintillator target
Horizontal TPC

i .

New detectors:
two horizontal TPCs,
one scintillator target,
: TOF detectors
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The Hypner-Kamiokande Intermediate Water

Arh, Norm, Arb, Norm,

Arb, Norm,

Flux/[cm™ 100 MEV - 1e21 POT]
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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
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The second detector in Korea allows us to better measure the
CP-phase, compared with both detectors in Japan



