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Initial hint forneutrinos
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Whatareneutrinos

Neutrinos;
V arefundamentalparticleslike electronsandquarks,
V aresomethinglike electronswithout electriccharge,
V caneasilypassthrougheventhe Earth,but caninteractwith matter veryrarely,
V have,likethe other particles,3 types(flavors),namely
electronneutrinos(n,), muon-neutrinos(n,) and

O

Muon-neutrino

Electrorneutrino .
(or mu-neutrino)

V havebeenassumedo haveno mass.




Whyareneutrinos so importaft

3rd generation J

2nd generation J
Neutrinos
1stgeneration (with someassumptions) J

& Chargedeptons
) (electronsetc.)
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Theneutrinomassis approximately(or morethan) 10 billion (10 ordersof magnitude)
smallerthanthe correspondingnassof quarksandchargedeptond
Webelievethisisthe keyto better understandelementaryparticlesandthe Universe.
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Abigmystery
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Thefutureisexciting

V Wewouldlike to know If neutrinosarerelatedto the origin of the matter in the
Universe.

V Wewouldliketo observeif neutrinooscillationsof neutrinosandthoseof anti-
neutrinosaredifferent. C Weneedthe nextgenerationlongbaselineexperiments
with muchhigherperformanceneutrinodetectors.
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Moroccan the HypeKproject



KamiokaNaterCherenko¥xperiments
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KamiokaNaterCherenko¥xperiments

Location:

V Tochiboramine (Mt. Nijjugoyama)
650m overburden(1755m.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
o0 1ns TTS; half that of SK PMTs
o Quantum efficiency double that of SK PMTs.
V Supplemented by additional arrays of 3 anulti-PMT (mPMT) assemblies




Physic&o0als of Hypek

Broadphysicsprogramme

V Neutrino oscillation
0 Atmospheric neutrinos (still statistics limited!)
o Accelerator neutrinos
Y focus on CP violation & mass ordering
o0 Solar neutrinos

V Proton decay

V Neutrino astrophysics
0 Supernova burst
0O(10,000) events expected @ 10 kpc
0 Supernova relic neutrinos

V Additional astrophysical topics
o Dark matter

Indirect WIMP searches
0 Multimessenger astronomy
o Gamma ray burst searches



H eFKamlokandeOtherfacmtles

Much larger detector Y significantly higher statistics Y
need better systematics
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HyvperKamiokand€ollabor&ion

~500researchers99 institutions
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HyvperKamiokand€ollabor&ion
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Morocco is the only country
from the African continent

FourUniversities: Mohammed VI (UN6P), Hassan Il (U3,
Mohammed V (UNb) and IbnTofail (UIT)
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Timeline

Today

2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2927 and
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ProjectStatus
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MoroccanParticipation Tasks

V The Moroccan contribution focus in three main parts : Detector Calibration, Physics
analysis (algorithms developments) and the computing Grid.

V Far detector calibratiotasks:
" D-TGenerator
Sourcedeploymentsystem
Precalibration ofphotosensors

V Physics analysisThree analysis already startedkénitra: CPV ieptonicsector in
collaboration with LSU (USA), Proton decay and atmospblkgic

V The computing contribution
3 Participate to the HypeK software development
3 Start with a Tief3 at IbnTofailUniversity Kénitra
" With aim to have a Tie2 at Toubkal HPC in U8R, BerGuerir



R&D MoroccanParticipationconstruction phase)
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PreCalibration oPMTs

Exsitu calibration (Before theastallation)

V All PMTs will go through basic set of tests ’
(will take6 months).

V 2% of the PMTswill go througha more
detailed characterization programme, and
will be distributed uniformly in theletector.

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



LINAC
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V Usedto calibrate the energy scale f
low energyphysics.

D1 MAGNET

V Deliversa low energy electron beal
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V Uncertaintiesof 0.20.3% in the low
energy scale and of 2% in the ene
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Calibration Infrastructure

Regular
LINAC

oD
OD Water
ID Water

140 km 140 cmllZ{] cm 1050 cm 1(!5{]

HyperK will use a vertic:
deployment system that can «
moved between calibration port
on the upperendcap

50 calibration ports will be
distributed across the detector.




DTGenerato(DTFG)

V Cross calibrates thenergy.

V Thedeployment of the BI' generator will occur by
lowering it into the water through several
calibration ports and into differerdepthsper port.

V The systendesignand productionis coshared
between Moroccan |nst|tutes and both LSU and U
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PVC | i
Gas Reservoir i E _142 MeV E

Endcap
Element

' Pulse . 7 | O(n’p N
i| Forming | s \ Vacuum :

Spacer |1 | Electronics
—

.H N 1 ‘.',' é,_ it .-,(/F.nvclopc

1
i
1
1
‘ |
. ' s AR POCS 3 | 1
Transformer! : P i | i
Oil Fill T ! ",- loa Source : :
: i v — Ann 1c i | m
. 1 3 — ! !
s K2 wourcel
Stainless ;\\ K "?\P( urce ! ! e
Hnnsink\ i ! = agnet ! !
! \ ......... : ) ' n .-
[N R i 4 | 1 P L
o N { ! I | ] ;
i i :
1 .
! ] k
! ‘_ ]
1
1
|

H Accclcr?mr
A >

E H K aE
- i ! H ! n
= { | Accelerator | L~ Anode !

X n
L

=2 L Head ” g Ny .: Q./
cakSensor |1 |1 HE | :
N ULy e
: i less r‘=: .‘ :




Simulation& reconstructioroverview

HK far detector (baseline design) simulation

(PMTs facing inwards) PMT<acinaoutwards

Low-energy
Detector design reconstruction:
Detector BONSAI / LEAF
simulation:
Event to )
simulate WESIm
High-energy
| reconstruction: | Analysis
| fiTQun T e
Data Trigger & DA ' !
99 Q i i Inner detector T
| |
| |
| |

Machine-learning
—-—+ reconstruction: ——-—
WatChMaLlL

V  Newtrigger & DAQ framework
to usesamecode for real and
simulated dataloolDAQ
https://github.com/ToolDAQ

WCSim can easily simulate different detector setups

Simulated muon in outer detector


https://github.com/ToolDAQ

Machinelearningreconstruction

Limit of traditional reconstructionmethodsis beingreached

V Computationtime isbecominga limiting factor

3 Largerdetectorwith more PMTs
3 Improvingresolutionsrequiresmore complexalgorithms

Machinelearningalgorithmshavepotentialto pushfurther

V Potentialto useall availablenformationwithout detector
modelassumptiong approximations

V Veryfastto run onceneuralnetworkshavebeentrained

V NowbecomingcommonthroughoutHEPapplications

V Butmanynewchallenges...



Conclusion

V HyperK detector is proposed as a next generation ungeound water Cherenkov
detectorwith an extremely rich physics potential discovery.

V HyperK is capable of observing proton decays, HEP neutrinos, atmospheric ar
solar neutrinos, and neutrinos from other astrophysicagjins

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

V Severalin-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 potentiatliscovery bydevelopment of two calibration systems locally, grid
computingand many analysis physics.



Thank you so much for your attention
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BrefHistory@Kamioka Protondecayexperiments

V Inthem o T neWw@eoriesof elementaryparticlespredictedthat protons
shoulddecaywith the lifetime of about 1030 years
V Severaproton decayexperimentsbeganin the earlym ©
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Atmospherinieutrinodeficit(19802to 90Q)

V Protondecayexperimentanthe m oy ebSe&vedmanyatmospherianeutrinoevents.

V Becauseatmospherianeutrinoswerethe mostseriousbackgroundo the protondecay
searchesit wasnecessaryo understandatmospherianeutrinointeractions.

V Duringthesestudies,a significantdeficit of atmospherianu-neutrino eventswas
observed.

TakaakiKajitaSaid: Althoughwe hadno clearideawhat wasthe causeof the deficit, |
wasmostexcitedwith the data.l thoughtthat the dataindicatedsomethingnew. Asa
scientist,it wasthe mostexcitingtime. | decidedto concentrateon thistopic.




Neutrinooscillations

If neutrinoshavemass heutrinoschangetheir type from onetypeto the other.
Forexamplea mu-neutrino maychangethe typeto a

http://dchooz.titech.jp.hep.net/nu_oscillation.htm(slightly modified)

mu-neutrino mu-neutrino

arxiv:0910.1657

Neutrinooscillationswere |
predictedmorethan50yearsago [l \’37
by Maki, NakagawaSakataandby -SSR "M s sajata,z. Maki,

Pontecorvo. ~,5ﬂaia!v,e'morirchivamaw M. Nakagawa B.Pontecorvc



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

Whatwill happenf the deficitis dueto neutrinooscillations

| -/ Cosmiaa |
o y
Notlongenough 7i\ - -
to 0sc o'l /

.....

N ~
Longefoug s
to oscillate |

/
I~ -
/

32



Evidencéor neutrinooscillationgSupeikamiokand€dNeutrinaQ8)
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Many excitingresultsin neutrinooscillationgpartial list)

Atmospherlcneutrlnooscnlatlonexgerlments Solameutrino
oscillationexperiments

Acceleratobasedneutrino
oscnlatlonexperlments




] https://j -parc.jp/Neutrino/en/nufacility.html
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