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I'rom Big T'o Huge

218

Fid. Mass
X8

Timetable

JFY2020 JFY2021 JFY2022 JFY2023 JFY2024 JFY2025 JFY2026 JFY2027 JFY2028

- I N |

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

PMT production

PMT cases, Electronics etc.

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

Data
Taking !

31 Jul. 2025  Construction and Development

Excavation of the Colossal Cavern for Hyper-
Kamiokande Completed

1996 - today 2028 - A 3D virtual tour of Hyper-Kamiokande released
Inner Volume / Fiducial Mass 32 kton / 22.5 kton 217 kton / 188 kton 202623 Topics Link
ID PMTs ~11k ~20k Sensitivity of the Hyper-Kamiokande experiment to neutrino oscillation parameters using
acceleration neutrinos, Hyper-Kamiokande Collaboration, [ink
Photo Coverage 40% 20% (x2 efficiency) k250515019 -
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https://arxiv.org/abs/2505.15019
https://www.google.com/search?client=safari&rls=en&q=3D+virtual+tour+of+Hyper+Kamiokande&ie=UTF-8&oe=UTF-8
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Detecting & Reconstructing Events

Cherenkov light

Neutrino
» ﬁ‘\)_'
Charged

particle
in water

Oscillations L/E

P (v, — v.) = sin” 20 sin2

~0.511 MeV/c?
-1

(.
~0.511 MeV/c? electron
-1 a
15 e 4_; o -
a4 * Direction
lect 8 * Energy
ejectiron
g * Vertex
e
o
o
— ~105.66 MeV/c?
2 -1
~105.66 MeV/c? 9 @
One PMT Features ;21 u &J % muon
« Geometry » « Event » muon * Direction
* Energy
% Position & Char'ge \ Different behaviors « Vertex
** Orientation .

* Time

[ Different particules

[ Different ring patterns ]
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Reconstruction : Tools & Knowledge From Super-K
FITQUN

Super-Kamiokande IV
Run 999999 Sub 2 Event 7

Multi rings events et e
Main reco. software during and after SK IV period , oart, 0. o
e- like events fiTQun ™ ==
First stage S—
Multi-ring e-like events Lassaer
Fiducial Volume Cut Efficiency .
Purity 77.8%
Limited performances close to the edges ocond, stage f e, - oL
3 Multl r1ng True CCV6 events ’% :
> Limits statistics | | Efficiency R, g
P g— \ { Purity 58.8% |
\ / ¢ Multi-ring True CCv, events :
O ¢ Efficiency 68.4% !
---------------------- N < ! Purit 30.0%
o, urity 0%
Owall dwall cut e S
N But MR => Normal ordering
Towal| Most sensity channel i P(v, 2> Ve)
i ) . = 0. 0.5
“““ S to Mass Ordering 5 S—
D 0 \=
Flduual V. cuts T2K (cm) 8 :
© 0.5 E
. DwaII > 50 > 80 3 i
Fiducial volume  15wall X > 170 - “ w 2
M. Jiang D. Thesis, T2K, TN465 v1.1, Venergy (GeV)
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Reconstruction : Tools & Knowledge From Super-K
FITQUN h—

Main reco. software during and after SK IV period

16-04-13:05:43:18

l o [ )
Inner: 8104 hits, 30188 pe
Multi rings events
Trigger: 0x07
D_wall: 1130.7 cm

e- like events fiTQun = ™=
First stage S—
Multi-ring e-like events Lassaer
Fiducial Volume Cut N s
Purity 77.8%
Limited performances close to the edges ocond, stage ems ey, - o . ORI
3 Mu1t1 r1ng True CCz/e events 3
> Limits statistics | | Efficiency R, g
g \ { Purity 58.8%
\ / ¢ Multi-ring True CCv, events 3
p ¢ Efficiency 68.4% %
---------------------- &7 ! Purit 30.0% &
Z8n. <> urity 0% 8
Dwall dwall cut e S
}(’; h/
% But MR =>
Towayy Most sensity channel
----- 6;\;;&7 to Mass Ordering Computational Time
Flduual V. cuts T2K (cm) / event in Super K
~1:30 minute / eventin Hyper K
DwaII > 50 > 80
Fiducial volume .
Towal X > 170 (Easiest to address)

M. Jiang D. Thesis, T2K, TN465 v1.1,
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Paradigm Shift For Experimental Physics

Heritage:
Likelihood Methodss

PMT unhit probability PMT hit probability PMT charge pdf
unhit hit

Lx) = [] Py(anhit)) TT{1 = P, (onhitu)} £y (gslus) fi(tilx)
J ? PMT timing pdf

fiTQun’s likelihood
- Physics & Detector specific (SM & Calibration..)

- Simultaneous fit of 7 reco. variables

vertex position & time, momentum, direction, particle type

- Non-differentiable => Nelder-Mead method
to minimise

« Challenger »

- Deep Neural Networks
[1]: R

Event
Supervised setting

No pre-training

: [2] : Adapted input

=~105.66 MeV/c?

-1

b7 lvl [4] °
[ ]

muon

) []
e 0 S >Reco.
f=> = = /‘  Direction | yariables
- 5 * Energy
] * Vertex
-

- Arbitrary highly - parametrised function

- Sub-differentiable
=> Stochastic Gradient Descent methods
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Low Energy | Previous Status

L) J
Super-Kamiokande IV ___.—_“'_:3%\ ‘,z‘/
i N\ j/
Event time :11-06-06 15:30:16 A y
Run : 999999 MONTE cmu,o// ~ ( }

Very Sparse Information - el SETE (RS §

6.
MaxPE ID/OD:7.3 1.8 o
NumHits ID/OD:186 B8

Time Diff 0.0 us
D wall :590.1 em
Energy 17.2 MeV

Selecting signal

vs Dark Rate hit PMTs | |
2025 : LEAF (BONSAI from Super-K) :
Light emitted from a single point T 1
/// _“\\ .
T o0 o\

Time (ns)

'

Supernovae
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Low Energy

\ | |
| \ / } /
1 ] S - y,
»fﬂh#/ bl
I / )
UL\ : \¢}| ;! V)i
4
WHEY /
| / f

.y o
Supernovae

'DSNB

Very Sparse Information

Selecting signal
vs Dark Rate hit PMTs

2025 : LEAF (BONSAI from Super-K)

Light emitted from a single point

Vertex Reconstruction

450 - —— - PETAL (series)
----- PETAL (ideal case)
400 i ® PETAL (optimization set)
‘\ —— BONSAI
‘\ LEAF
350 1+
g— \
EE \
O 300 x
= \
c: \
© 2507 | _
57\ 300CmM =>200 CMm
Q 200+
g |} at 3 MeV
150 -
100 t-.
b | R B s, R B
50 e e
> 4 6 8 10 12 14 16 18 20
Kinetic energy [MeV]
3MeV

Super-Kamiokande IV /___-—-;%\v /

0\ F
Event time :11-06-06 15:30:16 ’// \“%\ j/ ’/’fh\\\
Run : 999999 MONTE CARLO “’?\'
Event 4479 / \ )
TRG Type (s) ‘LE HE S

TotalPE ID/OD:221.7 6.0
MaxPE ID/OD:7.3 1.8
NumHits ID/OD:186 B8
Time Diff 0.0 us

D wall :590.1 em
Energy 17.2 MeaVv
A A
./// \
g e ‘\\
- ."{/ \.\ 3 3
o / \\\ wk
/ A E
@
- z “
0
20
/ g
~ G ,'/‘ 3 A b atisn Dnel, Na&, Hl... a I ol
[] 1 2 \ 7 €00 800 1000 1 1460
Charge (pe) \\-______f,,a/’// Time (ns)

This year : PETAL
a DNN-based approach

=> Already outperforming
likelihood methods
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High E | Single Ring Samples - Particle Identification

Main channel for CP violation:

TPARC

2 1.0

0.6
0.5

0.4

0.3

0.2

0.1

v =V oscillation

L] I I 1 L l 1 1 L} l 1 L] ] ' 1 L )

Events
)
N

Neutrino mode

Hyper-K

—P(v, —>V,)

—P(v,—> V) ]

—P(v, —>V,) -
:..1

PR T N T TR SN N NN T ]
0.6 0.8 1 .2
Reconstructed Energy (GeV)

g l () i I I | ] | I | | | ] l ‘ 1 l 1 _

L [ . _ =" 0up 20 .

> » Antineutrino mode i

= gk o Bmt90T

—§p=0

6 = —t— -@- Data ]

" T ]

4 L ™ ~

2F -

] ] F 1i1!’F——_T—__T———T—’—j-- ()- i e a1l a0 1 4 4 4
0 200 400 i 600 800 1000 1200 0 02 04 0.6 0.8 | 1.2

L/E (km/GeV) Reconstructed Energy (GeV)

T2K experiment

Data e-like

Charge (pe)

>26 .7

6
208 — f

3 156
2 - 104 —
1+ 52 — LlL“
0 500 1000 1500 2000 0 500 1000 1500 2000

OD Times (ns) Times (ns)

Data p-like

Charge (pe)
- >26.7

1500 2000

1000

OD Times (ns)

1500 2000 500

1000

Times (ns)
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High E | Single Ring Samples - Particle Identification

Efficiency : Rec. Positive And True Positive  / Total true positive
Acceptance : Rec. Positive But True Negative / Total true negative

Data e-like

Charge (pe)
. >26.7

1
oL LLL L L
0 500 1000 1500 2000

OD Times (ns) Times (ns)

Perfect algorithm
1 —
§ 0.99
s Electron
O
% 0.98 & Muon
c
o
€ 0.97
OV
9
w - GAT, AUC :1.00
0.96 fiTQun, AUC: 0.999
-=-= 99.,5% signal efficiency
————— 0.5% background acceptance
0.95

0.1
Muon acceptance

Last Year : Same performances as fiTQun
Now : Outperforms

Q)

Data p-like

Charge (pe)
- Y- ]

.. v i

i ‘a IL\
100

OD Times (ns) Times (ns)

TYL/ FJPPN & FKPPN Joint Workshop 2026 | Laboratoire Leprince-Ringuet / ILANCE | Erwan Le Blévec




High E | Single Ring Samples - Particle Identification

Efficiency : Rec. Positive And True Positive  / Total true positive
Acceptance : Rec. Positive But True Negative / Total true negative

Perfect algorithm
1 —
§ 0.99
s Electron
O
% 0.98 & Muon
c
o
€ 0.97
OV
9
w - GAT, AUC :1.00
0.96 fiTQun, AUC: 0.999
-=-= 99.,5% signal efficiency
————— 0.5% background acceptance
0.95

o — ==
Muon acceptance

Reducing mis-id rates ...
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High E | Single Ring Samples - Particle Identification

.. & increasing fiducial volume!

Efficiency : Rec. Positive And True Positive  / Total true positive
Acceptance : Rec. Positive But True Negative / Total true negative

1099 M ——®
. | .98
Perfect algorithm ™
1 et ) > \_////
______________________________ Particle ¢~
‘- Large towall 7
¢ O,
§0.99 Tagging £ oo | oy e- / mu-
To : . 0
.q—c) Electi. POH Small towall ’WTIII@ Purlzj/ ) 05%
'L") 1.92 - Dwa
& 0.98 & Muon )
© ~4% eff. gain under §m == GAT
: 0.90 A FiTQun
e (l)- 56() 10'00 15'00 20’00 250
..G 0.97 Dwall (cm)
9
L — GAT, AUC :1.00 —_—
0.96 fiTQun, AUC: 0.999 | ATOun
-=-=99.5% signal efficiency _17.51 cls-GAT
----- 0.5% background acceptance = 15.0 - SwinT
= 15.
0.95 ; — S
0.1 1 5 12.5-
Muon acceptance Mom. 2 00
o .
= -
RCCO g 7.5 3x better E. resolution < 1 meter
(0]
Reducing mis-id rates £ SO
000 2
2.5
0.0 . . , ' . . . ,
0 250 500 750 1000 1250 1500 1750 2000

Distance to Wall (cm)
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High E | Single Ring Samples - Kinematics
Surpassing iTQun on

Pal‘tiCle lD B. Quilain (2025) 2025

fiTQun 28 2.6 3.8
What about kinematics ? | GNN (Base) 200 - 4
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High E | Single Ring Samples - Kinematics
Surpassing iTQun on

Particle ID B. Quilain (2025) 2025
6TQun 28 2.6 3.8
2026

fiTQun

GNN (Upgrade)
ResNet-50
ResNet-152
ViT-based
CherRP

Area that improved
the most this year
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High E | Single Ring Samples - Kinematics

Surpassing fiTQun on
Particle ID

What about kinematics ?

O WatChMaL

Water Cherenkov Machine Learning

Hyper-K Super-K WCTE
Shuoyu Chen Felix Cormier Kieren Joseph
Andrew Atta Tohn

Nick Prouse Sgen

IWCD  «—— Gilberto Rodriguez

O CAVERNS

Cp Asymmetry discovery with an Enhanced Reconstruction algorithm
for Neurinos in Super and Hyper Kamiokande

WCTE Hyper-K
. Neutron
Lorenzo Périssé P
aggmg
>
Naomi Foster o0
Mathieu Ferey Oé)
Erwan Le Blévec =
Viet Nguyen
Mathias El Baz  + multi-Rings

Zhuojun Hu

Algorithm Pos. res. (cm) Dir. res. (°) Mom. res. (%)
2025 B. Ouilain

iTQun 28 2.6 3.8

GNN (Base) 200 - 4
2026

iTQun 26.2 2.3 3.5

GNN (Upgrade) 28.0 - 3.5

ResNet-50 25.4

ResNet-152 22.1 1.9 25

ViT-based 12.7 1.2 2.3

CherRP 11.6 1.7 2.6

Tokyo U. Kashiwanoha Campus :

Crucial meeting places at ILANCE &
IPMU to coordinate these efforts &
enhance ideas.
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High E | Multi Rings First Success

First aleorithm to succeed in Multi Ring Segmentation

Ring-count confusion matrix

04 0.000 0.000 0.000 0.000 0.000
0.8
14 0.000
) 0.6
c c
= O
# 2 0.000 5
@ ©
= L
= 0.4
34 0.000
0.2
44 0.000
0.0

0 1 2 3 4
Predicted # rings

Opens rooms for a lot of improvements
Hybrid fitter, foundation models.. => ongoing efforts

LLeverage Sparse CNN 3D Features

Ground truth

Event 342

GT voxel colors:
P1-only voxels: 34%
P2-only voxels: 22%
P3-only voxels: 18%
P4-only voxels: 0%

_|_

Transformer Backbone

Prediction
Event 342
Pred voxel colors:
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M. El Baz (visiting ILANCE

Predicted

N

0
000
0

o o
A

f&r 6 mnths)



Accelerating Reconstruction By Optimizing Softwares

MC Tuning :

Improvements not only on physic performances
sooyears ~ §M events

» Single Ring sample full reco. time

CPU time / | lringe/p ' 1 ring Energy & vertex Total
event PID e/7o PID reco. ~ 2 order of
fiTQun 30s 50s Simulatenous to PID magnitude
CAVERNS 0.095 0.075 0.055 faster é
* Porting iTQun c++ software on GPUs o Effort to write fiTQun on
CPU (s) GPU(s)  GRY/EPU pytbo.n & use éxtrernely
optimized xla libraries
i+ 500 MeV 279s 2.4s Also ~2 order of (num bCI, jCIX. . )
i Ll i At - magnitude gain Benchmarks to come soon
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What to Expect | 2026

O Robustness studies of Single Ring NN

Sensitivity to MC parameters (water transparency, PMT efficiency..)

O First test of Neural Networks on Super-K Data
O Per-Pipeline benchmarks for fiTQun

CPU/GPU/xla python
O Low Energy Threshold

Lower it to 2MeV using NN
O Enhance the Multi Ring Pipeline

Optimize the use of the lattent features
O Paper publications
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What to Expect | 2026 - NN-driven Reconstruction

Reconstruction : Great improvements, and floor is not reached yet.

Step 2: Unifying models across E.
>

Step 1: Unifying models per E. Sector:

« one model for all variables »

~105.66 MeV/c?

e -
A AN v
Q=270
O = 0=~ ~32 0O
RS O=—>o28 D - Direction
» AN * Energy I ' D+ / - ] . /
=V — Multi Ring / Single Ring / Low E
O

Distinction only exists on our side.
[t was more convenient to design per category likelihood methods, not true anymore for DNN

Requires to train models on raw MC events
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Signal: €~ | Background: u Signal: 4~ | Background: e ~

———m—T 0 e« _— 0.95 -
.. 0.90 - fiTQun AUC: 94.01% -
§ sig eff at 5.0% bkg acceptance: 53.62% § 0.8 -
- J— KNN5-GAT AUC: 99;14% =
— sig eff at 5.0% bkg acceptance: 95.33% w
© : ©
S hierarchical-GAT AUC: 99.65% S 0.7 - _ .
? .80 sig eff at 5.0% bkg acceptance: 98.44% @ fiITQun AUC: 94.01%
; ; sig eff at 5.0% bkg acceptance: 53.62%
‘ KNN5-GAT AUC: 99.14%
0.75 - g 0.6 4 sig eff at 5.0% bkg acceptance: 95.33%
' E hierarchical-GAT AUC: 99.65%
sig eff at 5.0% bkg acceptance: 98.44%
0.70 T T ' T T T T 0.5 T T T T T T
0.02 0.04 0.06 0.08 0.10 0.12 0.02 0.04 0.06 0.08 0.10 0.12
Background Acceptance Background Acceptance
: 1.00 1
1.00 —— —s—3—38 3
0.95 -

Efficiency
= = o
o0 © ©
o, - o,
L 1 1
Efficiency
©c © O
@ o ©
© O O
' L L

 FOSELYY

o
7

—— KNNS5-GAT - —&— KNN5-GAT
0.80 7 hierarchical-GAT ‘ hierarchical-GAT
—$— FitQun 0.704 == FitQun
0.75 4
20000- ) 1 1 ) 1 ) 1 20000- | 1 Ll l 1 Ll 1
a Il o @ E o
- c
‘ ‘TR “ : ‘ ‘T “
" , o e s = oL | H e s =
100 200 300 400 500 600 700 P e 100 200 300 400 500 600 700
Kinetic Energy (MeV) ( ) Kinetic Energy (MeV)
\\,\‘ e /// ‘ 1.0 1
1.0 —8 ——D oot —¥— :l<¥
dwall :
0.9 - -..__../' ‘ 30'8- /
> =
. ® ® 2 0.8 D 06
* Data Taking is finished . N ;
| - §
ALy BEEBEEBEEBEVEIRW WS U KNN5-GAT
0.7 - —&— KNN5-GAT
) 0.4 1 hierarchical-GAT
hierarchical-GAT ~ ; Eit
—&— FitQun I .
* First result of NN-based e ~— - midAlm -
0 I e
g - e £ 10000 - =
£ 10000 - = 3 -
3 H O I l
reco on data to come soon ! o1 m — - - 0 '
° 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
)

towall (cm towall (cm)
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