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The Hyper-Kamiokande Experiment
VDesignoverview

VCurrentstatus

Particle Physics
VNeutrinooscillation

VProtonDecay

Moroccan Participation

VDetectorCalibration 

VPhysics analysis program

VSoftware development

Brief overview on neutrino 
VGeneral introduction

VOscillating neutrinos and the Universe



Initialhint forneutrinos

1930, W. Pauli

suggestedvariousor continuous 
electronŜƴŜǊƎƛŜǎΧΦ

Nuclearbdecay(anucleuschangeto adifferent nucleusbyemittinganelectron)

electron

In this case,the energyof the electron
shouldbeunique.But the observations

Nucleus

different 
nucleus

Newinvisibleparticle
neutrino

electron

Nucleus different nucleus
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Whatareneutrinos

Muon-neutrino 
(or mu-neutrino)

Tau-neutrino

Electron-neutrino

Neutrinos;
Varefundamentalparticleslikeelectronsandquarks,
Varesomethinglikeelectronswithout electriccharge,
Vcaneasilypassthrougheventhe Earth,but caninteractwith matter veryrarely,
Vhave,like the other particles,3 types(flavors),namely

electron-neutrinos(ne), muon-neutrinos(nm) andtau-neutrinos (nt),
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Vhavebeenassumedto haveno mass.



Whyareneutrinosimportant?

1st generation

3rd generation

2nd generation

0.01 1 100 104 106 108 1010 1012 1014

Mass eV/c2

Chargedleptons 
(electrons,etc.)
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Quarks
Neutrinos

(with someassumptions)

Theneutrinomassisapproximately(or morethan)10billion(10ordersof magnitude) 
smallerthan thecorrespondingmassof quarksandchargedleptons!
Webelievethis isthekeyto betterunderstandelementaryparticlesandtheUniverse.

Whyareneutrinos so important?



Abigmystery

Big Bang (very hot universe) Now
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Neutrinoswith verysmallmassmight 
bethe keyto understandthe big 
mysteryof the matter in the Universe!

Number of protons 

(matter particles)

= 1

Number of anti-protons 

(anti-matter particles)

1,000,000,000

Number of protons 

(matter particles)

1,000,000,001

Big Bang (very hot universe) Now

+ =



The futureisexciting

J-PARC
Hyper-
Kamiokande

VWewould like to knowif neutrinosarerelatedto the originof the matter in the 
Universe.
VWewould like to observeif neutrinooscillationsof neutrinosandthoseof anti-

neutrinosaredifferent.ČWeneedthe nextgenerationlongbaselineexperiments 
with muchhigherperformanceneutrinodetectors.

DUNE

(SeveralotherǇƻǎǎƛōƛƭƛǘƛŜǎΧύ
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Moroccoin the Hyper-K project
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Super-Kamiokande
Å1996onwards

Å50kton (22.5kton FV)

Kamiokande
Å1983ς1996
Å3 kton

2002

2015

Hyper-Kamiokande
Å~2027onwards

Å260kton (188kton FV)

X20

X8.4

KamiokaWaterCherenkovExperiments

Å1983 - 1996

Å3 kton
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203X : Leptonic CPV?

Indirect DM?

Proton decay?

Supernovan
1987

noscillation 

1998



KamiokaWaterCherenkovExperiments
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Location:

V Tochiboramine(Mt. Nijugoyama) 
650m overburden(1755 m.w.e.)

Size:
V 71m (height) x 68m (diameter) 

260 ktonnes total
188 ktonnes fiducial

Photosensors:
V 20% photocathode coverage with new 50cm Hamamatsu 'box & line' PMTs

o 1ns TTS; half that of SK PMTs

o Quantum efficiency double that of SK PMTs.
V Supplemented by additional arrays of 3òmulti-PMT (mPMT) assemblies



PhysicsGoals of Hyper-K 
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Broadphysicsprogramme

V Neutrino oscillation
o Atmospheric neutrinos (still statistics limited!)
o Accelerator neutrinos

Ÿ focus on CP violation & mass ordering
o Solar neutrinos

V Proton decay

V Neutrino astrophysics
o Supernova burst

O(10,000) events expected @ 10 kpc
o Supernova relic neutrinos

V Additional astrophysical topics
o Dark matter

Indirect WIMP searches
o Multimessenger astronomy
o Gamma ray burst searches



TheHyper-KamiokandeProject

ProtonDecaySearch

CPviolation, oscillation parameters

NearDetectors

Solarneutrinos,‮

Supernovabursts
DiffuseSupernovaBackgroundNeutrinos

5NearDetectors

Atmosphericneutrinos:

J-PARCneutrinobeam: ‮ , Ӷ˃‮

Hyper-Kamiokande: Otherfacilities

ProtonDecaySearch

‮ , Ӷ,˃‮ ‮ , Ӷe‮

~ 1 km~ 295 km 280 m

Much larger detector Ÿ significantly higher statistics Ÿ 

need better systematics

ǒ Improvedneardetector(ND280)at Tokai
NewάLƴǘŜǊƳŜŘƛŀǘŜWaterCherenkovDetectorέ



Hyper-KamiokandeCollaboration
~500researchers, 99 institutions
from 20 ŘƛũŜǊŜƴǘcountries

Lastin-personmeeting

February2020
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Hyper-KamiokandeCollaboration
~500researchers, 99 institutions
from 20 ŘƛũŜǊŜƴǘcountries

Four Universities: Mohammed VI (UM6P), Hassan II (UH2),             
Mohammed V (UM5) and Ibn-Tofail (UIT)

Morocco is the only country 
from the African continent 
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Start of 

Hyper-K 

operation

Beam upgrade for 1.3 MW

Commissioning

PMT 

installation

Tank 

construction

Today

PMT production

Beam upgrade for > 

750 kW

Water fillingWater system

ConstructionNear & intermediate detector R&D, facility, production

2020 2021 2022 2023 2024 2025 2026
2027 and 
beyond

Commissioning

PMT 

installation

Tank 

construction

PMT production

Water system

Timeline

Tunnel construction Cavern excavation

MOUsigned, May2020
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June2022



PMTproduction

ProjectStatus

Ground-breakingMay2021

CavernExcavation

Tank 
Construction

Installation

Water 
ŬƭƭƛƴƎ

2020 2021 2022 2023 2024 2025 2026 2027

MOUsigned,May2020 ApproachandPeripheral 
tunnels,Summer2022

Operation 
starts2027

PMTproduction
Accesstunnel complete,Feb2022

2020 2021 2022 2023 2024 2025 2026 2027
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MoroccanParticipation : Tasks
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VThe Moroccan contribution focus in three main parts : Detector Calibration, Physics 
analysis (algorithms developments) and the computing Grid.

VFar detector calibrationtasks:
֙D-T Generator
֙Source deploymentsystem
֙Pre-calibration of photosensors

VPhysics analysis : Three analysis already started at Kénitra: CPV in leptonicsector in 
collaboration with LSU (USA), Proton decay and atmospheric bkg

VThe computing contribution :
ƺParticipate to the Hyper-K software development
ƺStart with a Tier-3 at Ibn-TofailUniversity, Kénitra
֙With aim to have a Tier-2 at Toubkal HPC in UM6P, Ben-Guerir



CompactneutrongeneratorLED

HK Electronics: FADC + Communication 

4th Hyper-K Meeting
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Trialfor communication
(RapidIOin FPGAboards)

Elec.+HVmodulesin water

Data/Clock/Power  
network in water

ΧDAQsystem

DC/DCconverters

Slowcontrol 

& monitor

Communicat ion Block  

( SiTCP?/ Rapidl/O? )

Power Data + Control lines Sync.Clock 

( 48V ~ 100V ? ) ( ~ Gb/sec ) +Counter

Signal digitization 
( Charge + Timing )

Photo sensor LV 
( HV for PMT )
Control + Monitor

24photosensorsin unit

R&D : Apport pour le MarocR&D : MoroccanParticipation (construction phase)
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Participateto the TDAQ : 
Detector Control System (DCS) 
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V Ex-situ calibration (Before the installation)

V All PMTs will go through basic set of tests 
(will take 6 months).

V 2% of the PMTs will go through a more 
detailed characterization programme, and 
will be distributed uniformly in the detector.

V Tests will be done in special dark rooms: the 
Photosensors Test Facilities (PTFs).

Pre-Calibration of PMTs
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V Used to calibrate the energy scale for 
low energy physics.

V Delivers a low energy electron beam 
at periodical intervals (7 energies and 
9 positions for SK).

V Uncertainties of 0.2-0.3% in the low 
energy scale and of 2% in the energy 
resolution are desirable.

V In SK the LINAC calibration was 
required, and so it will be for HK.

LINAC
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V Hyper-K will use a vertical 
deployment system that can be 
moved between calibration ports 
on the upper endcap.

V 50 calibration ports will be 
distributed across the detector.

Calibration Infrastructure
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DT Generator(DT-G)
V Cross calibrates the energy.

V The deployment of the D-T generator will occur by 
lowering it into the water through several 
calibration ports and into different depths per port.

V The system design and production is co-shared 
between Moroccan institutes and both LSU and UCI 
Universities from USA 
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Simulation& reconstructionoverview

V New trigger & DAQ framework 
to use same code for real and 
simulated data ToolDAQ: 
https://github.com/ToolDAQ
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Simulated muon in outer detector

Outerdetector 
(PMTsfacingoutwards)

WCSim can easily simulate different detector setups

HK far detector (baseline design) simulation

Detector 

simulation: 

WCSim

Detector design

Event to 

simulate

Low-energy 

reconstruction: 

BONSAI / LEAF

High-energy 

reconstruction: 

fiTQun

Machine-learning 

reconstruction: 

WatChMaL

Trigger & DAQData

Analysis

Inner detector 

(PMTs facing inwards)

https://github.com/ToolDAQ


Machinelearningreconstruction
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Limitof traditional reconstructionmethodsisbeingreached

V Computationtime isbecominga limiting factor

ƺLargerdetectorwith morePMTs

ƺImprovingresolutionsrequiresmorecomplexalgorithms

Machinelearningalgorithmshavepotential to pushfurther

V Potentialto useall availableinformationwithout detector
model assumptions/ approximations

V Veryfast to run onceneuralnetworkshavebeentrained
V NowbecomingcommonthroughoutHEPapplications
V Butmanynewchallenges...



V Hyper-K detector is proposed as a next generation under-ground water Cherenkov 
detector with an extremely rich physics potential discovery.

V Hyper-K is capable of observing proton decays, HEP neutrinos, atmospheric and 
solar neutrinos, and neutrinos from other astrophysical origins.

V In order to achieve the desired level of systematic error, a detailed understanding of 
the detector must established, such that any data/MC discrepancies can be 
understood.

V Several in-situ calibration sources will deployed prior installation of PMTs, and 
integrated ones will be used for monitoring detector stability during data taking.

V Moroccan participation to the construction phase is so important, improve the 
physics potential discovery by development of two calibration systems locally, grid 
computing and many  analysis physics. 

Conclusion
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Thank you so much for your attention
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Back-up slides
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Super-Kamiokande

Å1996onwards
Å50kton (22.5kton FV)

Kamiokande
Å1983ς1996
Å3 kton

2002

2015

Hyper-Kamiokande
Å~2027onwards

Å260kton (188kton FV)

X20

X8.4

¢ǊƛƭƻƎȅΩǎconclusion?

Å1983 - 1996

Å3 kton
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Supernova nu

1987

nu oscillation 

1998

203X : Leptonic CPV?

Indirect DM?

Proton decay?



Bref History@Kamioka: Protondecayexperiments
VIn theмфтлΩǎΣnewtheoriesof elementaryparticlespredictedthat protons 

shoulddecaywith the lifetime of about1030 years.
VSeveralproton decayexperimentsbeganin the earlyмфулΩǎΦ

KGF
(India)

NUSEX
(Europe)

IMB 
(USA)

Kamiokande 
(Japan)
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Frejus 
(Europe)



Atmosphericneutrinodeficit(1980Ωsto 90Ωs)
VProtondecayexperimentsin theмфулΩǎobservedmanyatmosphericneutrinoevents.
VBecauseatmosphericneutrinoswerethe mostseriousbackgroundto the protondecay 

searches,it wasnecessaryto understandatmosphericneutrinointeractions.
VDuringthesestudies,a significantdeficit of atmosphericmu-neutrinoeventswas 

observed.
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Kamiokande IMB

TakaakiKajitaSaid: Althoughwe hadno clearideawhat wasthe causeof the deficit, I 
wasmostexcitedwith the data.I thoughtthat the dataindicatedsomethingnew.Asa 
scientist,it wasthe mostexcitingtime. I decidedto concentrateon this topic.



Neutrinooscillations

If neutrinoshavemass,neutrinoschangetheir type from onetype to the other. 
Forexample,amu-neutrino maychangethe type to a tau-neutrino.

http://dchooz.titech.jp.hep.net/nu_oscillation.html(slightlymodified)

mu-neutrino tau-neutrino mu-neutrino tau-neutrino

Neutrinooscillationswere 
predictedmorethan50yearsago 
byMaki,Nakagawa,Sakata,andby 
Pontecorvo.

S.Sakata,Z.Maki,
M. Nakagawa

SakataMemorialArchivalLibrary

arXiv:0910.1657
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B.Pontecorvo

http://dchooz.titech.jp.hep.net/nu_oscillation.html


Cosmicray

Longenough 
to oscillate?

Whatwill happenif thedeficitisdueto neutrinooscillations

Not longenough 
to oscillate?

Anasymmetryof the up-
versusdown-goingfluxof 
muon-neutrinosshould 
beobserved!However, 
Kamiokandewastoo 
small.
Č Super-Kamiokande

32

Cosmicray



Super-Kamiokande m-neutrino
t-neutrino

Evidencefor neutrinooscillations(Super-Kamiokande@Neutrino Ω98)
Y.Fukudaet al.,PRL81(1998)1562
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Manyexcitingresultsin neutrinooscillations(partial list)
Atmosphericneutrinooscillationexperiments Solarneutrino 

oscillationexperiments

Acceleratorbasedneutrino 
oscillationexperiments

3 flavor(type)neutrinooscillationexperiments
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Beamwith J-PARC

Å295km baseline

Åybdetcelesɛ‮Ӷ ro‮ horn current

Å2.5ϲƻũ-axis /˄ʉbeampeakedat 0.6 GeV

ÅPredominantlyQEinteractions

ÅJ-PARCupgrade500kWҦ1.3 MW

https://j -parc.jp/Neutrino/en/nu-facility.html

HKBeamTalkon Saturday(S19)- TetsuroSekiguchi

Magnet PS upgrade

2.48 Ҧ 1.32 s cycle

Add two 2nd H_RFs

MagnetPS upgrade
2.48Ҧ 1.3scycle
2nd harmonicRF 
cavities

RF system upgrade

1.3 Ҧ 1.16scycle
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