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Hyper-Kamiokande

Next generation multi-purpose water Cherenkov detector
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Physics targets



Long baseline neutrino experlment

Search for CP violation in lepton sector

I\ AMIN—HZAHh>VT
=g )

E—LZ1> J-PARC
Fﬁ?j]u EE%E J-PARC (FIKIR % H)

) -
e QR
y WL » BT, -
- g - - RO S 3 - = .
e e 2y AT .-J o — .
Gl G G agb &b A N A I ! . Y ga —— ok = .
‘ I - &2 ) — ~ >
L .
\ 3 T >
. . s - B4 - v
y o o N L e TR R e A
e YT - T g ” - . » -
Pl R S i et I [ - o
4 e L : Voo T - <
' A k 13 I o = - y
v ) A e y
. - = S -
I .. ) Ls 5 '-_‘ I%e o '- [ ’,.
ol ST, g b W0 MT
> - -
- - ’

V,u \J_ 7 fﬂi}’j?,

:lE.: 9 e i o, T ¥300kmEE L 7RI 514
: 4 R —a—hY./ L—L”vﬁ\‘:d?

neutrino anti-neutrino

L=295km, sin22613=0.1 H L=295km, sin226;3=0.1




Determination of CP phase

1.3MW x 6 months/y x 10 yrs x 190 kiloton

Precision of CP phase measurement

Statistics only
...... -----=.  Improved syst. (v /v, xsec. error 2.7%)
------ -------  |mproved syst. (v /v, xsec. error 4.9%)
............. e 12K 2020 syst. (v /V, xsec. error 4.9%)
/U? 25I_ | ! ! | | ! J‘“;“'I. ! | | ! | ! | | ! ! 1 ! | | ! ’I“.;,,'l | ! ! | | | I _I
8 : ~:: . '2 .¢¢ .,:: :
53 20 :_ ........................ ;:.*‘.'.:;..'...I ;“. ................................................... x:;': ;: .......................... _:
O n S ., ‘e - S0 e -
2
215
O
R
c
O
S
O
1Q O ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ]
-150 -100 -50 0 50 100 150
o 0.p (degrees)
Hyper-K preliminary

True normal ordering (known), HK 10 Years (2.7x10%* POT 1:3 vv)
sin°0,,=0.0218+0.0007, sin°0,,=0.528, Am5,=2.509x10eV*/c*

Isigma error on ocp

~20 degree at ocp=1/27m
~/ degree at ocp =0

10

Statistics only
-==sunesnnen Improved syst. (v /v, Xsec. error 2.7%)
URERERERERE RERNRERERERE T2K 2020 SySt (Velve XSeC errOr 490/0)
C\’l-\ 1 2 B | | | | | | | | | | | | | | | | | |
X f Impact of syst.
— 1 O e g
g : *6CP=_900 after 10 -‘----l-- LA
o~ 8 It TR o .‘..‘.‘.,.-.1!‘..3.'. ....................
L B o) ,-....-I“'
% B 6CP='45 ““‘,-“‘Q- .
Gg s i ‘. s gL DANSPPPYELLL el =
S o @
S L oi -
7®) | “‘\\\\““‘ _
E 2 .......................................................................................................................................... —
n - i
O | | | | | | | | | | | | | | | | ]
0 2 4 6 8
Hyper-K preliminary HK years (2.7x10%' POT/year 1:3 v¥V)

True normal ordering (known)
sin“0,,=0.0218+0.0007, sin°0,,=0.528, Am5,=2.509x10eV°/c"



Atmospheric heutrino

Neutrino oscillation parameter determination, especially, mass ordering
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Fight against background

Solar v data reduction
—— (in 2m fiducial volume, 22.5kt)

Key issue
. Cleanness
. Water control
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Solar neutrino

Neutrino oscillation studies
Spectrum up-turn
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- Reduce spallation BG
. Control water condition

— well understand the BG shape
— modeling of position dependence
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- Lowering threshold

- Energy scale error

— detector calibration

0 50 100 150 200

r2[m?]

0.3
!0.25
—0.2

-0.15

-0.1

i0.0S
0



events/0.22Mega-ton

........

Supernova neutrino (burst)
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events/0.22Mega-ton
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Supernova neutrino (diffuse)

Neutrinos emitted from past supernovae ~O(1018)
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Proton decay

Fiducial volume is 8 times larger than Super-K
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Detector construction



Time line

Calender year 2024 2025 2026 2027
a1 |a2 [a3 |a4 [a1 a2 |a3 a4 |a1 [@2 [a3 |4 [a1 |a2 [a3 [a4
Cavern Excavation j>
Water Tank Tank lining :>| Structure Construction <
50cm PMTs = Production
2 = Assembly
PMT Covers Design : _ /
MmMPMTs Design Production Assembly -
o T T T
Electronics Design orluction Assembly >
Installatipn
Accelerator/beam Upgrade !
IWCD Design >| Construction > |

2025 Coﬁstchtion of Tank Liner
2020 Installation of PMTs and Electronics
202 7 Operation starts
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Mock up test for the support structure



20 inch PMT

. Purchased ~13000 PMTs so far.

. Screening test Is on going for the
confirmation that the quality does not
depend on the production period.

. Total 20,500 PMTs will be available by
Sep. 2026.

. Long term measurement Is underway to
calculate the failure rate of PMTs, with
100PMTs In operation for six months.
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Cover for 20 inch PMT

It a PMT I1s damaged, chain implosion could lead
to the loss of most of the PMTs. The cover
prevents chain implosion.

. Demonstrated capabillity to prevent chain
Implosion in this January.

. Production will start within this year.

. PMT and cover assembly workflow will also be '
established in cooperation with Japan and Spain. A




Electronics

. Front-end electronics placed in underwater vessel.

. Development shared among 8 countries.
. Working on a system test in/out of the water.

. Design will be finalized within this fiscal year.

DAQ system, master clock

Hit data, etc_—>

Common clock
“— Power supply
Slow control

24 PMTs

2%
Hit S’Qna/ | , M\

Underwater vessel

>




Summary

. Hyper-Kamiokande is a next generation of multi-purpose water Cherenkov
detector and will play a central role In particle and astro physics.

- Neutrino oscillation : CP violation In lepton sector by long baseline neutrino
experiment, mass ordering by atmospheric neutrinos, precise validation of
MSW effect by solar neutrinos, and so on.

. Neutrino astronomy : Supernova neutrinos; from explosion in nearby galaxy,
from explosions around Mpc, and diffuse neutrinos from past explosions.

- Nucleon decay, Indirect dark matter, etc.

. Construction iIs currently underway. We are making our best efforts to start

operation.
Stay tuned!



