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Introduction

Why Hyper-K?

ol

W h at I S H vp e r- K ? J'PARC (Japan Proton Accelerator Research Complex)

Hyper-Kamiokande is the third-generation underground water Cherenkov
detector in Kamioka, following Kamiokande and Super-Kamiokande
Fiducial mass ~186 kton : roughly 8 times larger than Super-K!

Designed both as a long-baseline neutrino detector and as a rare-event / : v
neutrino-astronomy observatory ik

Far Detector It takes neutrinos ~1 ms to

Not just bigger: higher statistics + improved systematics INGRID
Primary aim of constraining the CP violating parameter, 6¢p \

travel the 295 km frOm J‘PARC ! b ‘ Proton Module WAGASCI
to Hyper-K, but it would tak [Ref 2] WAGASCI

UAI Magnet

cccccc

Downstream
PODECal Barrel ECal |
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Neutrino Physics Motivation

H"E

* Neutrino oscillations show that neutrinos have mass, requiring physics beyond the original Standard Model

Vo (t) Z U,je —i(Ejt) |vj) The Neutrino Mass Ordering
\ / J=1 \_Y_J \—Y—J s m? Normal Inverted
Flavour Eigenstates PMNS Mixing Matrix Mass Eigenstates e e———bE IV,
» A7'"21 (Amsol)
1 0 O c 0 s,e’ c s, 0)1 O O I .
13 13 12 12 ! A ) A , K_e\( . 1
U=[0 ¢y sy, 0 1 0 —S, ¢, 0[]0 &2 0 msz (Amam) | v, = m—
) ; v, = Il
0 —s,, cpu)l—s4€° 0 ¢ 0 0 1)l0 0 €~ v: g — Am3; (Amem)
\ J \ / .
V \ Y J Y \ Y J : B v,
. . . A77121 (Amsol)
Atmospheric Neutrinos v_appearance in Vi beam Solar Neutrino Majorana Neutrino v _’ v
(v disappearance) OR Reactor Neutrinos Oscillations Phases (OvBp) ! 3
with ¢, =cos(6,), s, =sin(®, ), 6, = mixing angle and Am, =mass” difference

* The remaining unknowns include the CP violation phase, the neutrino mass ordering, the precision structure of
the PMNS matrix, and whether 0,3 is maximal

* Hyper-K will address these questions using accelerator, atmospheric, solar, and astrophysical neutrinos, while
also searching for rare processes such as proton decay
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* Atmospheric neutrinos add sensitivity to the mass ordering through Earth matter effects.
* Long-baseline v, disappearance constrains Am3, and sinZ 0,5

* V. / V. appearance gives sensitivity to 6cp through differences between neutrino and

Atmospheric & Long-Baseline Neutrinos

antineutrino oscillation probabilities

* World-leading experiment to measure §-p and constrain CP violation in the next 10 years

* Observe CP violation: exclude sin 6cp = 0

* For maximal CP violation (£ ™/,): discover CP violation at 5c in 2-3 years

-
N

[y
o

N

sind =0 exclusion (|Ay?)
o8]

N

Exclusion of sin 8.p = 0 [Ref 6]

Statistical errors only
Improved syst. (v /v, Xsec. error 2.7%)

............ e T2K syst. Ref.[4] (v /¥, Xxsec. error 4.9%)
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With 10 years of data taking,
Hyper-K will

determine the mass ordering
“internally” at ~4 — 50

[Ref 9]
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Solar Neutrinos

Solar Neutrino Flux Spectrum

* Hyper-K will observe a high-statistics sample of solar neutrinos through v — e elastic z 10" Regionciccessikbleto 4 —8
. T . . . . . s 10" water Cherenkov PP
scattering, providing precision tests of solar neutrino oscillations and matter effects 2 o detectors [Ref €] ~Be
. . . . g s N
* Akey goal is to measure the solar day-night asymmetry with > 50 significance S 4o S 150
& N PR “.‘ N --TF
(achievable with 10 years of data), helping to resolve the current mild tension in § 1 ] pep
. . % 107E I P —hep
Am3, between Super-K and KamLAND, which is currently ~1.50 N T
. . . . —___‘_.-- '_ /
* Hyper-K also aims to observe the low-energy upturn in the solar v, survival probability, 10° & e
expected from the transition between matter-dominated and vacuum-dominated b '
illati 10° P
oscillations Day-night Asymmetry Observation Sen5|t|V|ty 10? /
o o L L L L A L LA N L L LS L B L L L L L L L B _— T L L L l/-nxl:J—I= L |\| ||\|||/
> x10 | sin?(©,,)=0.312+3.933 Am2,=(7.54*312) 10%eV? sin%(0,5)=0.0242+0.0026 E L Sensmwty from g 10- p
218 |sin%(©,,)=0.3110.014 Am2,=(4.85%;) 10%eV? 3 ST ) O SO S A NS ¥ EE S A ; R Energy['\/]&/]
oo 17 |SN'(0:)=0308:0013 Am,=(7.50%3) 10°eV*  Contour linesof = | @  [No day- nlght Asymmetry L e
g 12 I constant day-night | ‘; _Day nlght Asymmetry. .
14 asymmetry - R e e S Day< -------- ¥ T ->N|ght
- ;
n :
11 | Combhi ) Ve flux differs
5 between
A night and day
5 | |t - :
4 due to matter
3 :
2 o - effects!
1 ‘ ; Ly g , g 011II1Hiulll1.I11.i...l...l...i...l...i. : Electron neutrino
0 2 4 6 8 10 12 14 16 18 20 \/M Muon/Tau neutrino
Refo] > 0% [Ref 9] Year [Ref 10]
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Supernova Neutrinos

HVIP‘EF
* A Galactic core-collapse supernova (SN) would produce a very high-statistics neutrino burst in Hyper-K
* Time, energy, and flavour information probe supernova core dynamics and neutrino properties

* Hyper-K can contribute to early warning and pointing through elastic-scattering events (Ref 11]
e 70k events for a SN at 10 kpc
] Normal — Couch | Inverted IMO| — Couch
(SN1987A at 50 kpc was 40 T $akabzato 40 - 1 (o] = _Il\fakabzato
observed with ~25 events) 351 —— Totani 357 —— Totani

Vartanyan '; 301 Vartanyan

\\

Event rate of observed events in Hyper-K o

E
)
predicted by different SN models (events 2 257 N v 23]
. . © © ‘
are normalized because distance to S 201 ’ = 201 ;
. e [
supernova is unknown) — % 151 % 1.5
Q‘?o‘z"?& éy@x oébf 10- \ 10'
i Votp i O | | 0 |
N 100

s 10
& 10 ; : . : . : : . :
S 107} 100 200 300 400 500 200 300 400 500
2 106} ¢ et B time [ms] time [ms]
g 10°f
& 10°

b 2f |« Expected number of events  * Provides sensitivity to the mass ordering!

Ol N3 asafunction of SN distance * Hyper-K can build discriminators, to constrain SN models, using

10" 1 10 10° 10° [Ref 11] the time profile. See [Ref 11] for details

distance (kpc)
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Proton Decay ¥

* Proton decay is a direct test of baryon-number violation and Grand Unified Theories

* Hyper-K greatly improves sensitivity through its large mass and excellent e/y ring reconstruction '
* Improve upon the half-life calculated by Super-K by a factor of 10 in the main channel p - e*mn°® .
 Competitive with DUNE (4 modules) for other modes (e.g. p = K*v,)
Soudan Frejus IMB Super-K Hyper-K (‘; _ z N K
p—etn’ ¢ 0 1 — * wl v [Hg
L minimal SU(5) minimal SUSY SU(5) ! 5 W [Ref12)
oA fipped SU(5) culated lifeti 0% e
SUSY SO(10) fCanct::l; g:‘eof :_| e’lc;er:'lreKas a =
6D SO(10) uncti yper- 1
non-SUSY SO(10) G224 exposure [Ref 9] > - p>en? sensitivity _ .
— et K° C ee— g _ ;
11))—> /(:+1z'“ : 1 e— x * Equivalent to g B ;
/ " -
n— pK° ¢ueeeie—g . AND DUNE (40 kt) Super-K g 10% //,/ -t
p—uKT| # ¢ ] _q 2 T e e -
. . . o ]
minimal SUSY SU(5) Hyper-K *  Finer Binned Signal 3 /f;,
p— DK+ non-minimal SUSY SU(5) Region S {///
predictions SUSY SO(10) e +50% reduction in g
background )
1 1 1 llllll 1 1 1 llllll 1 1 1 llllll 1 1 11 1111 ° Or70%redUCtion 34 :
1031 1032 1033 1()34 1035 T2 3 4 5 8 7 8 9 10
/B (years) Exposure (Mton year)
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Astrophysical Neutrinos ¥

. . . . = 10
* Hyper-K will search for the Diffuse Supernova Neutrino Background / Supernova Relic % :© b T
. . . m w= Tabrizi+21 (NS+BH, NH)
Neutrinos (DSNB/SRN): the integrated signal from all past core-collapse supernovae § N sl
N P Nakazato+15 r:;:" H
* Important to study because it probes the history of heavy element synthesis in stars T OB e
* The 10-30 MeV region is especially important, between solar/reactor and atmospheric 3 [ “ A PR
i il ) .,,% \10'., sl :::::::a::m ated at NNNO5)
backgrounds = 17 NANNT v
. o cps s @ N O i
* Due to its large mass, Hyper-K will improve on the sensitivity of SK-Gd z | NN
o _2 ‘
107 :
Projected cumulative SRN events in Hyper-K, SK-Gd, and L Predicted Hyper-K Flux after 20 years [Ref 13]
JUNO [Ref 9]. * Solid: standard 6 MeV supernova ~  { .. NSFCs (Kresse+21) iy
spectrum. * Dashed: 30% black-hole-forming supernovae, == E:;‘;S T‘:;:Z:;lgredictions e
giving a higher-energy 8 MeV neutrino spectrum — = HK 20yr (expected, 90% CLs, 5% unc. non-NCQE) -
> 5 ; '> 0t 4 - SK-IV 2970.1 livedays (observed, 90% CL) 104 on
w — HK /| v e — SK-IV2970.1 livedays (expected, 90% CL;) - N, T,
£ 400 H H / B N\ ~\0 .,
@ —— SK-Gd y = F—e—— = SK-VI/VIl 956.2 livedays (observed, 90% CL.) E o P N\ %
§350 - JUNO ............... it / TU . —— —  SK-VI/VII 956.2 livedays (expected, 90% CL;) I 11101 1) 20 3.01 VR 14101 1l 15101 il 1610"4 I 17*,61 R 1810
=300 @ E v, Energy [MeV]
%250 ——HK (BH 30%’) .......... NV)
5" | —— SK-Gd (BH 30%) lE DSNB energy spectrum for different models.
ézoo ——JUNO (BH30%) | 7~ = D o Below the optimal region, solar and spallation
2180 —— : S backgrounds dominates. Above this,
100 ) atmospheric backgrounds dominate [Ref 14].
50 —/ G0 S, With future neutron tagging, backgrounds can
E 9 : y 1072 1— : . : . : . : :
TR T T R T Y To R T 14 16 18 20 29 24 26 28 30 !oe reduced, and the energy threshold may be
Year E, [MeV] improved
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J-PARC Neutrino Beam

* 30 GeV protons at J-PARC produce a high-intensity v, / v, beam
* Hyper-K keeps the T2K-style 295 km baseline and 2.5° off-axis configuration,

giving a narrow spectrum near the first oscillation maximum FVD2 magnet
. . N OTR ‘
* Beam power upgrade towards 1.3 MW is essential for NewHornPS/  New Horn1, 2 —_—
. . epe trans/strip-lines SN
CP-violation sensitivity for 320kA, 1Hz “

Pl

sin’20,,= 1.0
AmZ,=2.4x 107 eV?

PEF

New FX
Septum
magnets
(MR)

[lllllll

T T T T

Need an off-axis
detector, to
produce a neutrino
flux peaked around
the energy where
oscillation effects
are most likely to
occur [Ref 16]

! : : s |
T + t t + 1

HHH OA0.0° -
%% OA2.0° :
N 0A25° 1

@ A 0.)

New target cooling system

New mumon Si (half of sensors) [Ref 15]
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ND280 H"E

» Upgraded Near Detector at 280 m (ND280): High Angle-TPC, Time of Flight (ToF) detector, super Far-Grained Detector (sFGD)
* ND280 constrains the unoscillated flux and neutrino interaction model before extrapolating to Hyper-K

* Upgrade improves acceptance for high-angle tracks and gives finer-grained reconstruction of final-state particles

* Key for reducing cross-section and detector-model systematics in the long-baseline analysis

* Reduce uncertainties from 5% to 3%

Proton detectlon effumency

- I:_ TTTTTTTTTTTTTTTTTTTT
- b
2 09- Proton tracklng threshold 3 UAI Magnet
% esE. Work In Progress -
g - 3 Downstream
0.7¢ ] Barrel ECal
0.6 = PODECal
0.5 E
E ND280 Upgrade -
0.4 =
0.3;_ Curfnt ND280 : P
0.2; - +—0\¢-¢++ _“:
0.15 - =
0:- ; - - -? . . l S 1 i i . A A A A l A R
200 400 600 800 1000 1200 1400
[Ref 17] momentum (MeV) [Ref 2]
FGDs
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IWCD

* The Intermediate Water Cherenkov Detector (IWCD) is a water Cherenkov detector at an intermediate baseline, using the
same target medium as Hyper-K (so constrains flux and cross-section systematics before extrapolating to the far detector)

* |t can move vertically in a water-filled shaft, sampling different off-axis angles and therefore different neutrino energy spectra

* This helps separate neutrino flux effects from neutrino interaction/cross-section effects, which is crucial for precise

measurements of 8¢p, 0,3 and Am3,
e Contains 480 multi-PMT modules (19 x 3-inch PMTs per module)

IWCD Design [Ref 2] Neutrino Energy — Off-axis angle relation [Ref 9]

SrEe

X

[S—

)
o

mPMT Module Design [Ref 18]

PR
Arb. Units

G \ / Stainless steel ring

ot

=

PPS vessel
Stainless steel backplate

Off-axis Angle (°)

Acrylic dome PMT holder

Reflector
PMT

Optical gel

\
High voltage ‘ oo Daughter board

Main board

o 1 2 3 4
Neutrino Energy (GeV)
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Hyper-K Far Detector — ID

p-like e-like

* The Inner Detector (ID) is a cylindrical water Cherenkov detector: approximately 68 m
diameter and 71 m water depth

e Reconstructs Cherenkov rings to identify e-like and p-like events, determine vertex,
direction, energy, and event topology

* 20,000 20-inch high-sensitivity PMTs (@ 50 cm)

e 808 multi-PMTs for increased angular resolution - improved particle identification (PID)

* Less of a rock overburden than Super-K (650 m compared to

Super-K’s 1000 m) Hyper-Kamiokande Detector
2 ~ - ) / -
i 3 : i\’ | —
%" High-QE box-and-line PMT | o — — Double-
New 20-inch PMTs: L I SR . o - o
higher single- A i Top View™_| o’ ! Ji nc circutation sens ItIVIty
photon detection 1L ,,‘ e N . S PMTs

Super—-K PMT average

bind, ad i
/% (Hamamatsu R3600, QE = 22%) = /\ . e

efficiency than the
Super-K reference
PMT [Ref 9]

\\A
o

Lo A-

Relative single photon detection efficiency

| 1 | 1 | 1 1 | 1 | 1 1 1 1 | 1 |
09080706050403020100 10 20 30 40 50 60 70 80 90
Position angle [degree]

23/06/2026 Status and Opportunities of the Hyper-Kamiokande Experiment



* The Outer Detector (OD) tags entering particles, especially cosmic-ray muons and external backgrounds

* Improves containment definition & background rejection for atmospheric neutrinos, proton decay, and low-energy analyses

* Instrumented with 3,600 3-inch PMTs and wavelength-shifting (WLS) plates around the ID

* WLS plates are doped with fluorescent compounds. They absorb UV Cherenkov light and re-emit it at blue/green
wavelengths, better matched to the PMT quantum-efficiency peak

* Reflective Tyvek lines the OD walls, including the inner OD walls behind the WLS plates, helping to recover otherwise lost
Cherenkov light through reflections

500

Outer Detector [ Cl Pa)

Outer Water Tank |,

Outer-Detector

Lining S5mm
=
a4 . v
4 o ‘d

2000
Outer Water Tank

500

[Ref 19] [Ref 21]

. Shotcrete [REf 20]
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Current Status and Conclusions

* The main Hyper-K cavern excavation has been completed (31-07-2025), marking a
major construction milestone

[Ref 22]

* Work is now progressing on the water tank, ultra-pure water system, tank liner,
photosensors, electronics, and detector-support infrastructure

e 19t February 2026: J-PARC achieved a beam power of 1 MW! Onwards to 1.3 MW!

e Detector assembly and installation are expected to proceed through 2026-2027,
followed by tank filling and commissioning

* Hyper-Kis scheduled to begin full-scale operation in early 2028, opening a broad
programme in long-baseline neutrino oscillations, atmospheric and solar neutrinos,
supernova neutrinos, astrophysical neutrinos, and proton decay

* Virtual tour at https://www-sk.icrr.u-tokyo.ac.ip/en/hk/virtual/

Key Takeaway: Hyper-K is not only a bigger Super-K: it is a precision oscillation experiment
and a multi-purpose neutrino observatory!
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Thank you for listening!
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Ocp Potential

« CP violation constraint is weaker if the MO is not known, but atmospheric samples allow HK to determine the MO
* The MO will be measured by JUNO, DUNE, KM3NET etc. (a binary input)

Normal Ordering [Ref 7] Inverted Ordering [Ref 7]
18 HK 10 years (2.70E22 POT 1:3 vV) 18 HK 10 years (2.70E22 POT 1:3 v:v)
W E_ —— Beam (KnownMO) W - ————— Beam (Known MO)
< 16 - eeeesseeeeeen Beam (Unknown MO) < 16 :_ ______________ Beam (Unknown MO) -----
~— M4 — Atmospherics (Unknown MO) .. ~——~ 14 —— Atmospherics (UnknownMO)
g - ——— Combined (Known MO) = - —————— Combined (Known MO)
= 12 ceeeceannaan.. Combined (UnknownMO) == -% 12 ceeecemiannn, Combined (UnknownMO) =~
= — = —
T) 10— T) 10—
5 = b -
() - o -

................................................................. e N

— y/A— N\
/

sin(8p)
S N B~ N

sin(dp)
S N B~ N

H K —213. ' -2 -1 0 1 2 3
yper-K preliminary Hyper-K prelimi
True 8, [YPer-® prelmunary True dp

True normal ordering, improved syst. (v./V, xsec. error 2.7%) True inverted ordering, improved syst. (v./V, xsec. error 2.7%)
sin*(0,,)=0.0218 sin’(0,,)=0.528 IAmj, = 2.509 x 10 eV*/c* sin%(0,;)=0.0218 sin%(8,,)=0.528 IAm2 }= 2.509 x 10~ eV?/c*
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Ocp Potential

H"E

Statistical errors only
1o Error on 8(‘]) ------ --eeee Improved syst. (v /v, xsec. error 2.7%)
====== «------ Improved syst. (v /v, xsec. error 4.9%)
« World-leading experiment to measure §.p and [ R T2K syst. Ref.[4] (v/V, xsec. error 4.9%)
constrain CP violation in the next 10 years ’é‘ 25
O
- o(8cp) depends on its value: 5—18° (stat. 3 20
only), 7—20° with projected systematics 2
@% 15
» Higher precision CP-conserving values (from c
the neutrino oscillation formula) o
2 10
* See [Ref 6] for details ;

a0

0 1 | | I 1 | 1 | I | 1 | 1 | 1 | | | I | 1 | | | 1 | | | I | | | | I | | |

-150 -100 -50 0 50 100 150
d.p (degrees)
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Solar Neutrinos

0.8 _I I’I.\ | IL | I--’I\ I I | | | | | | | | | | I | | I | 8I I ]
) 2 2 . ° Borexino ( B) J
07 % N_ o Maltoni et.al. s Super-K
C @ g (& Arxiv:1507.05287 = SNO =
L —— L
0.6 - .
¢ B5 3
% osE Hyper-K = . 1 & -
e —> ]
I C o 1]
/\8 0.4 — e C')____i___i i: ]
e-/ : T :l--——o-—--'-l :
10 years of Hyper-K: 0.3 E— P
upturn sensitivity ~3a for E o ! [
A E —— Standard — NSI-u . o
T, > 4.5 MeV, rising to 0.2 = P | [
~5¢ for T, > 3.5 MeV E — Sterile NSI-dw :
01 _I || I 1 111 I | | 1 1 I | | | | | | l | | I . | | l Ii | E | Bl
0.1 0.5 1 2 3 5 /7 10 14
E, [MeV]
Vacuum-dominated region Matter Dominated Region
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