Introduction

The Hyper-Kamiokande experiment

Proton decay

e MSW effect in the Sun

e Non-standard interactions in the Sun
Supernovae neutrinos:

e Direct SNv: Constrains SN models
e Relic SNv: Constrains cosmic star formation history

73m

Probe Grand Unified Theories through
p-decay (world best sensitivity)

Access Tunnel—»

e Observe CP violation for lepton at 5o
* Precise measurement of 6CP

e High sensitivity to v mass ordering

Site Mozumi Tochibora
Overburden 2700 mw.e. 1700 m.w.e.
Number of ID PMTs | 11129 20000
Photo-coverage 40% 20% (x2 efficiency)
Mass/Fiducial mass |50 kton /225 kton 258 kton /186 kton
Beam power 500 kW to 1 MW 1.3 MW
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Goals: to serve as a proof of technology and physics for Hyper-Kamiokande: measure
iImportant physical processes for water Cherenkov detectors: charged pion hadronic
scattering, secondary neutron production, and Cherenkov light production from second

-dary particles. Unique dataset for testing ML algorithms on the well-controlled data.

Timeline:
« Late 2024: WCTE beam data-taking
« 2025: gadolinium loading

Simulation

WCTE Hyper-Kamiokande
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Energy 200-1000 MeV |100-1000 MeV

Direction | Isotropic Isotropic

Position Center of Isotropic inside the
WCTE detector

Particle
identification

e/u- classification
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Predicted Prob.abilitv
99% e- signal efficiency at a 5% u-

background acceptance, for both
Hyper-Kamiokande and WCTE.
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Electron signal efficiency 0.99

99% e signal efficiency at a 25% Tr°
background acceptance.

Impact on
~ physics analysis

Dwall: distance between
the vertex and the
.| closest wall
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Electron identification efficiency vs dwall (e/mu separation)
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Before 2 m, efficiency
above 90% !

- : GRANT (HK)
- : Existing software
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Potentially increase the fiducial
volume => Reduce statistical error

u-/1r- classification
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99% |- signal efficiency at a 5% T
background acceptance.

GRANT software

The stakes behind reconstruction

Inutial gtale : VH
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Event types

Muohn event:

Sharp ring

Kamiokande
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Electron event:

(x,y, 2)

* Hittim

Energy .
Direction
Vertex .
Particle identification

e Hit coordinates

« Charge (Q

—_—) Measure S§CP: detect electron neutrino events

iables to reconstruct:

« Cosmic ray
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Enhanced Event
Reconstruction at
Hyper-Kamiokande
and WCTE using Graph
Neural Networks

on behalf of the Hyper-Kamiokande and WCTE
collaborations:
Anna Ershova and Christine Quach

Laboratoire Leprince-Ringuet
CNRS-IN2P3 / Ecole polytechnique
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Background sources:
Muon neutrinos

Muons

(v+ N —=v+N+7Y)

INPUT
(Graph
representation
as 1D vector)

Energy

OUTPUT

| NEURONS NEURONS)

|
# of hidden layers

Kinematic

variables

reconstruction

GRANT Existing software

Resolution Electron: 5.5% Electron: 7%
Muon: 2.5% Muon: 5%
. Electron: 1.5% Electron: 0%
Bias
Muon: 0.5% Muon: 0%

Muonic event - Resolution vs Energy
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Vertex reconstruction

Histogram of distance from true vertex
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Apply models to data:
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== 68% Interval, resolution = 202.824
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GNN : 203 cm
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generalizability.
1 ring: add p/m, e/gamma, p*/u, e/m° classification and
simultaneous vertex and direction regression.

Multi-ring: add ring counting algorithm.

Build a unified particle classifier

203 cm for Hyper-K.

It Is a very preliminary result, but
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Resolution at the 68% confidence interval:

5.5% resolution at

500 MeV

1000

we could

attest the good functioning of GRANT for

multi-dimensional reconstruction.

Future plans

GRANT has a high potential for precise particle classification. We focus on further
enhancing the performance and reliability of the classification models.

The key steps are:

validate their robustness and




