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Hyper-Kamiokande

(See also “Hyper-Kamiokande Design Report”, arXiv : 1805.04163 )
Next generation of large water Cherenkov detector

for neutrino physics, astrophysics, nucleon decay, etc.

-190kton Fiducial volume :
~10 x Super-K
- 40% photo coverage with
high-efficicency PMTs :
~2 x Super-K
(~40000 for inner detector)
- >MW J-PARC beam :
~3 X current power.
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New developed photo-sensor
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installed in SK this summer.
Performance will be checked
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with Cherenkov light for years. s i s hme =" o« &5

Time [nsec] Tmelnsec] Charge [photoelectron], .’
Continuous effort for improvements, e.g. noise reduction,

cover design, light concentrator, etc.
22nd October, 2018 DBD18 5



Multi-purpose detector
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Neutrino oscillation

Mixing angle : Maki-Nakagawa-Sakata Matrix

(v, 1 0 0 \ cos@, O sinf,e”)\ cosf, sin€, 0\/v,
v,|=|0 cosby; sind, 0 1 0 -smé, cos6, Ofw,
v, ) |0 —siné, cosb, \—sinHBe'ié 0 cosf; J O 0 1)\v,
Atm. and Acc. Reactor and Acc.||Solar and KamLAND
fog ~ 45 £ 5° 015 ~ 9° 010 ~ 34 £ 3°
[Am2,| = 2.4 x 10 3eV? Am2, = +7.6 x 107 °eV?

O cp and Mass hierarchy of 2-3 are not determined
Atmospheric, Accelerator, Reactor

Accelerator, Atmospheric and Solar neutrinos
are main targets of Hyper-Kamiokande
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Accelerator neutrino



Neutrino beam from J-PARC

Same beamline as T2K
30GeV, 485kW in 2018

N

>1.3MW by upgrade

£ Wl | Reduce rep. cycle with new power supplies

Racility
‘ [ajUzPARE
B ot M

Near detectors
- Based on experience in T2K, with new ideas
- Upgrade ND280 off-axis detectors
- Upgrade proceeding for T2K-Il
- Intermediate (1~2km) Water Cherenkov Detector
- Off-axis spanning, with Gd loading
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Search for CP violation

Neutrino | Anti-Neutrino

L=295km, sin22043=0.1

— 0=0
- 0=1/21
........ O=T

2
Ey (GeV) Ey (GeV)
- Hint on maximal CP violation, however, need more statistics, O(1000),
for definite measurement, _ T2 R P

cf. current T2K : 89 veand 7 ve
- Control of systematics is crucial,
- Neutrino beam, interaction and detector.

- Assigned 6-7% in current T2K.
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Expected events at HK

10 years (10yrsx|.3MWx[07s), Vv : vbar = 2.5yrs : 7.5yrs
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CP violation sensitivity

sin O cp=0 exclusion
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Atmospheric neutrino



Atmospheric neutrinos

Cosmic rays strike air nuclei and
the decay of the out-going

hadrons gives neutrinos.

v Flux measurement by SK
v Model calculation is consistent with data.
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AMANDA-II v, unfolding
AMANDA-II v, forward folding
HKKMI1 v +V, (w/ osc.)
HKKMI1 v 47, (w/ osc.)

HoOE (PRD 94, 052001 (2016))
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Neutrino oscillation in Atm. v

Il Crust

Core

Consider all the sub-leading effects (Amz221, matter)
- Mass hierarchy : resonance in multi-GeV ve or Ve
el |- Octant O 23 : magnitude of the resonance

- Ocp : interference btw two Amz2 driven oscillation

Fractional change of upward ve flux (cos 0 zenith = -0.8)

1 c0s0,=-0.8  NH, sin’0,,=0.4, sin’0,,=0.025, 5=40°

solar term
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c0s0 =-0.8  NH, sin0,,=0.6, sin’0,,=0.025, 5=40°

= (b)

-0.2

0.2 >

Hierarchy is
NH or IH

Resonance in Ve
(not shown) in the

10 case of IH.
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Sensitivity

Mass hierarchy

Band for CP values

\/Ax? Wrong Mass Hierarchy Rejection

lyears
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sin’d,,
Determination possible by ~5 years (sin20 23=0.5)
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Solar neutrino



Solar neutrinos

Solar neutrlno energy spectrum
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Neutrino oscillation in Solar v
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Neutrino oscillation in HK

See the neutrino oscillation MSW effect directly|

Spectrum distortion
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Super-K can search for the spectrum “upturn” ?

expected by neutrino oscillation MSW effect
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ay-Night flux asymmetry

Day-

>Night

Regenerate ve by
earth matter effect

Expected

\ . Electron neutrino

Vr: Muon/Tau neutrino (day_nig ht)/((day+n|g h‘t)/?)
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S|n2(®1 5)
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Sensitivity
Day/Night flux asymmetry
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Nucleon decay



Motivation

Forces Merge at High Energies
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Only possible to directly prove the grand unification
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p -> etV discovery potential

(Vp] 10 T T T E
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Look at an invariant i 7 F 10'vears /
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P : $ 4 F background

- Possible BG free search £ g +
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. . 600 800 1000 1200

*Discovery potential reach Invariant Proton Mass (MeV/c?)
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p-> VKt dlscovery potential

- K is invisible, so it is identified by

daughter particles;
- Monochromatic muon (236 MeV/c)

for K->u v
+K->m+m0

- Possible BG free search

(0.06 BG/Mton year)

- Discovery potential reach to

> 3 x1034 years
prompt-y & K*t—utv K*—T1r+110
Sig. Sig.
£(%) Bkg (/Mtyr) £(%) Bkg (/Mtyr)
12.7 0.9 10.8 0.7
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Number of Events

Number of events
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Supernova Neutrino



Supernova neutrino

N, >>1:BURST N, ~1: MINI-BURST N, << 1:DIFFUSE

SN rate ~0.01 /yr SN rate ~0.5 /yr SN rate ~ 108 /yr

Adapted from Beacom (2012)

neutron tagging technique

- n /o/y'
Ve 1O p \/
\gx, \ \

Lo
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Supernova burst

expected number of events

arXiv : 1805.04163

Betelgeuse
i Antares

5 Expected number of event
& 49k~68k ev (IBD)
2 2.1k~2.5k ev (ve ES)
X (6~40 for neutronization)
(= 80~4100 ev (ve CC)
2 650~3900 ev (ve CC)
g at 10kpc
Q Livermore simulation
TR 4 Totani, Sato, Dalhed, Wilson, ApJ. 496 (1998) 216

- LIl L1 L 111l L1 | 1] 2I RN 3II
10 1 10 10 10
distance(kpc)
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Nearby galaxy

Cumulative calculated supernova rate
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S. Horiuchi et.al.
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Diffuse Supernova Neutrino background

expected number of events

(detection efficiency is not considered)
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Status of the project



International organization

Hyper-K meeting@Madrid, March 2018

- International Hyper-Kamiokande
proto-collaboration
-+ 15 countries, 73 institutes,
~300 members, ~75% from
abroad
- 2 host institutes: UTokyo/ICRR
and KEK/IPNS
- UTokyo launched an institute for
HK construction: Next-generation
Neutrino Science Organization
(NNSO)
- External review by Advisory
Committee
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Toward construction start

« MEXT (Ministry of Science in Japan) lists the Hyper-K in its
Roadmap2017 as a priority big project

« UTokyo is making all efforts to get funded with strong
leadership of the president Gonokami.

 Hyper-K is requested to MEXT as a top priority project

* UTokyo launched “Next-Generation Neutrino Science
Organization” to host Hyper-K

« Seed funding has been allocated within MEXT budget request
for JFY2019

* It usually led to full funding in the following year, as it was
the case for the Super-Kamiokande
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Statement of the president of UTokyo

September 12th, 2018 Septenber 129, 2018

https://w

w.uU-tokyo.ac.jp/focus/ja/articles/z0208 00006.html

Concerning the Start of Hyper—Kamiokande

T
CONS

detector commences as scheduled ing April 2020. The Unjvegsity of Tokyo hgs, m
commenees as scheduled-in-April:2020

Seed funding towards the construction of the next-generation water Cherenkov

year. Seed fundingS in the past projectS usually lead to funding in the

'truCtoI lowing year_F tHS the yéhees?i R;okanrdf]w:: Hyper-nnmk @ detE

The Unlver31ty of Tokyo pledges ure constructio

natro

The neutrino research that lead to Nobel prizes for Special University Professor
Emeritus Koshiba and Distinguished University Professor Kajita has entered a new
era. The international community has demonstrated the need for Hyper—Kamiokande.
The considerable expertise and achievements of the University of Tokyo and Japan,
and unique and invaluable contributions from national and international
collaborators will ensure the project will make significant contributions to the
intellectual progress of the world.

Makoto Gonokami

ne University.of T okyo.pledges.td.ensure

ctor

President, The University of Tokyo



Summary

* Next generation of the water Cherenkov detector, Hyper-
Kamiokande, has unique opportunities for future physics
program

* Neutrino oscillation by beam, atmospheric, solar neutrinos
* Search for proton decay
* Neutrino astrophysics

» Based on the experiences from Kamiokande and
Super-Kamiokande, also with new ideas and technologies.

* Many efforts are on going for starting construction in 2020,
and operation from ~2027.
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