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Hyper-Kamiokande

e Next generation water Cherenkov detector

e Filled with 260kton of ultra-pure water

e Fiducial mass: ~190kton
e ~8 X Super-K

e Photo-coverage: 20% (Inner Detector)

e ~20,000 of new $50cm PMTs
e x2 higher photon sensitivity than Super-K PMT

e [he detector construction began in 2020
e Aim to start operation in 2028
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New $50cm PMT for Hyper-K

Photo-detection efficiency (1p.e.) SO ”e dynode PMT
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e Twice better photo-detection " Transit time (ns)
efficiency than SK PMTs

e [iming resolution (TTS): 1.1ns
e cf. SKPMT: 2.1ns
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Hyper-K: multi-purpose detector

» Wide-variety of scientific goals:

Nucleon decay
*  Probing grand unification

Accelerator and atmospheric
neutrinos
« Neutrino CP violation

* Neutrino mass ordering, mixing angles,
mass difference

« See arXiv:2505.15019 for details

» Astrophysical neutrinos
- Solar v, supernova burst v, supernova relic
v, dark matter, ...
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Nucleon decay search

30 discovery potential
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- World leading sensitivity Yor nucleon decay searches
- Large detector mass
« Able to use free protons to avoid problems of nuclear effect

» High-efficiency background reduction using neutron-tagging
thanks to new 50cm PMTs

- 3o discovery potential reaches 1035 years for p—e+n?
and 3x1034 years for p—vK+ after 20 years ;



Neutrino CP violation

‘ B X3, arXiv:2505.15019

: ; : Yane 28 ’ = for more details

~ Improved st (v, xcc. orr 2.7
* J-PARC accelerator neutrino beam upgrade: g ot S
continuous beam power at 1.3 MW expected by % e —— V- ;
start of Hyper-K data taking So oI\ )
+  Already performed 830kW continuous operation (T2K) 1+ /" " /7 °\
B S

« With the combination of the gigantic detector and T O e oor 277

g T2K 2020 syst. (v/V, xsec. error 4.9%)

the high intensity beam, the CP conservation N
B i be cxcluded within 3 years for
most favorable case (normal mass ordering,

0CP=-1/2, assuming improved systematic errors)

o 2 4 6 8 10
HK years (2.7x10?' POT/year 1:3 vV)

Hyper-K preliminary



HK construction timeline

Today

JFY2020 JFY2021 JFY2022 JFY2023 JFY2024 JFY2025 JFY2026 JFY2027 JFYZ2028

] N . [
Prepar Tunnel

Cavern Tank Detector
ation Const. I

excavation Const Const.
PMT production

Power-upgrade of J-PARC and Neutrino Beam-line
I N I P I
Near Detector Facility, R&D, production IWCD construction

PELR R G-

HK construction major milestones: |
- JFY 2025: HK cavern excavation completed
- JFY 2026: HK tank lining construction complete
- JFY 2027: PMT installation complete — water filling
- JFY 2028: Start of the operation




HK large underground cavern

The HK large underground cavern excavated ~600m
beneath the summit of the Kamioka mine

The HK cavern is one of the largest man-made
spaces ever excavated in bedrock 10



HK large underground cavern
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- The HK large underground cavern ' excavated ~600m
beneath the summit of the Kamioka mine

- The HK cavern is one of the largest man-made
spaces ever excavated in bedrock 10



Hyper-K cavern excavation

|
79 AYE F
=1,873, 488 i
7 JO—FHiE1 106,000 {30,000 200, 000 30,000 200, 000 30,000 200, 000 30,000 200, 000 75,000 200, 000 30,000 200, 000 30,000 200, 000 30,000 175, 000 k
=384, 548 13 488
3p, 000 76, 000 200, 000 200, 000 20,000 180, 000 180, 000 20,000 20,000 180, 000 180, 000 20, 00020, 000 180, 000 130,000 25,000 t
20, 0po |
|
|
|
4 |
|
l |
“\EL=617. 300 |
| \-617. 800
ccess tunnel (~2ZKm EL-608. 620 20
‘ EL=606. 640
-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.
-
. . EL=594. 760
n - EL=594. 160 M H
Sl HK cavern : ine
. EL=581. 680
- - == EL=579. 700
n T2z =579. t
| . NSk entrance
- u EL=567. 820
- EL=551. 731 . -
- / 9 . . ETE) EL=567. 220
n ) 9, = = % o g s
. EL=550. 500 N . g ELe554 740 EL=566. 620 7] mespe s I
. 77 0P - &7 L ELtsas 37 i EL=552. 760
. . " 2 (-300nLHT3E) 4 - B mimm
o | |
- P . T EL=540. 880
- M — EL=540. 280
. EL=526. 500 L7 o-s 2 - eos | L Fes
. e EL=531. 239
. & = EL=529. 883
] — i
. 77 0-FE_3 . L=516.796 g
- EL=502. 500 (N i 2 .
[ =L N =~ .
» A 3 n
] s o [ ]
. ; s .
- N i3 ] ( "
. EL=477. 500 i 77 0-FHE 4 \EL=484. 173 L u
. (-370mL) EL=480. 500 -
< (—370m .
-
| |
-
u [
u [
u [
. pproacn tunneis ¢
u [
u [
u [
u [
: [
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.

W-__'P ﬁ

11



79 AYE
=1,873, 488
7 FO—F ikl 106,000 |30, 000 200, 000 30,000 200, 000 30,000 200, 000 30,000 200,000 75,000 200,000 30,000 200,000 30,000 200, 000 30,000 175,000
=384, 548 13 488
3p, 000 76, 000 200, 000 200, 000 20,000 180,000 180,000 20,000 20,000 180,000 180,000 20,00020,000 180,000 130,000 25,000
24, 0o
Access tunnel (~2km)
EL=606. 640
SN EEEEEEEEEENEEEENEEEENENEEENENDS .l.
. EL=594. 760
: EL=504. 160
. EL=593. 560
. EL=581. 680
. o EL=579. 700
[ ] S Ao
- 6.8% EL=567. 820
EL=551. 731 ) -
g . 2| | /oG /aﬂl/' EL=567. 220
Q I S = _ P
~2oy, . . i EL=566. 620 70 musissun
77 R - e N eLbsas. 377 hid :
= £ ELF548.377 EL=552. 760
. 2 ML), > : B mimm
Py ] 3 =
P . T AN EL=540. 880
M — EL=540. 280
77 0-FHE 2 ~ - =
EL=531. 239
. . EL=520. 883
p 5
77 0-FHE_3 " o .
% 2 -
)@ g : (L] l...............................................................................................................ﬂ
M . .
, g v
77 0P 4 \FL=484 173 L
(-370n0) EL=480. 500
(_370m r
Around the Hyper-K
= -
n | |
n | |
: Circul
| |
- iIrculiar
.................................................. :

EL=550. 500

HK cavern

.

Hyper-K cavern excavation

EL=526. 500

EL=502. 500

EL=477. 500

fllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

tunnel

HK cavern

AR R RRERNRERRERRENRRERRERNRERNERNERERNERNENNERNERRERNNERNENERERERNERNNERERERERENNERERRERERNERERNERERNERERERNRERNRERNERNERNRERRERENRERERERENNERERNERNERNERNEPFME.]

“\EL=617. 300
\-617. 800

. 200

Mine

entrance

.

~

J

Approach tunnels




Hyper-K construction began in 2021

NAN=AZIFHT BIRSAR ox

iz Hyper-Kamiokande Groundbreaking Ceremony — #®#

clnstitute for Cosmic Ray Research, The University of Tokyo

- Excavation work began in May 2021 12
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Cavity for water purification system
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HK construction timeline

JFY2020 JFY2021 JFY2022 JFY2023 JFY2024 JF¥2025 JFY2026 JFY2027 JFY2028

-‘- N NN [
”“ Prepar

Tunnel Cavern Tank Detector
ation Const. excavation Const. Const.

PMT production

Power-upgrade of J-PARC and Neutrino Beam-line

(| [ | | I
Near Detector Facility, R&D, production IWCD construction

- HK cavern excavation completed
- HK tank lining construction has started
- Construction of the water purification system on-going

- Production and development of various detector
components on-going 17



Mass production of 50cm PMTs

» >15k $50cm PMTs delivered (goal: 20k)




Getting ready for PMT/electronics installation
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Summary

» Hyper-K is next generation water Cherenkov
detector with wide-ranging potential for physics
discoveries

Neutrino CP violation, nucleon decay, astrophysical
neutrinos, ...

» Hyper-K construction towards operation in 2028

Cavern excavation completed this July

Tank lining construction has started
Production and development of various detector
components on-going

- J-PARC neutrino beam upgrade on-going

20






Hyper—K site
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