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Water Cherenkov v telescope landscape
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Polish KM3NeT team: current status

Nicolaus Copernicus

Astronomical Center
Polish Academy of Sciences

M ) o keacom

AGH
WEFIIS:
ASTROCENT WFHS o Artur Ukleja
Particle Astrophysics Science ‘ ,:, TomaSZ Szuml ak

and Technology Centre
nnnnnnnnnnnnnnnnnnnnnnnnnnn

% Agnieszka Obtgkowska-Mucha
*» Kalyani Mehta (PhD student)

s Amine Meskar (PhD student)

s Wiktoria Szewczyk (MSc student)

% me ©
+» Mariusz Suchenek

P
N7 CEAI
}/’/\\ Center of Excellence in Artificial Intelligence

Grants:

Under evaluation: OPUS (NCN)
In preparation: MNiISW grant

% me ©



KM3NeT detectors: brief summary

ARCAG

(ARCA with 6
lines) Detector

ORCA

Depth 3.5 km 2.45 km
Volume 1 km3 (1Gton) 0.007 km3 (7Mton)
# lines 28 [ 2x115 24/ 115
Topic Astroparticle RCA* Oscillation RCA*

Goal Vastro m,, hierarchy

*RCA : Research with Cosmics in the Abyss
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yvoutube.com/KM3NeTneutrino

String deployment: More at:



https://www.youtube.com/watch?v=tzxHlLgAahE
https://www.youtube.com/watch?v=tzxHlLgAahE
https://www.youtube.com/watch?v=tzxHlLgAahE
http://www.youtube.com/user/KM3NeTneutrino




Our latest result: KM3-230213A

Theinternational journal of science /13Feb ‘ v+ 1+ ARCA21

In case you did not follow
the news last week ...

We’ve observed quite a
beast of a neutrino

Upper limits
m— KM3-230213A

‘| 1cecube fits
NST (2022)
HESE (2021)

2)
(
Glashow (2021)
SPL 68% NST (2022)
SPL 68% HESE (2021)
) Models
Cosmogenic band
Sources band

Deep-seatelescope detects
neutrino with highest
energy everrecorded

107 108
Neutrino energy [GeV]




KM3-230213A briefly summarized 9

Muon energy
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https://doi.org/10.1038/s41586-024-08543-1
https://git.km3net.de/open-data/public-candidates/uhe-event
https://arxiv.org/abs/2502.08173
https://arxiv.org/abs/2502.08508
https://arxiv.org/abs/2502.08484
https://arxiv.org/abs/2502.08387

How do we increase the statistics?

We need more Instrument even

: ... but how?
datapoints at UHE ~ bigger volume

multi-km3 water Cherenkov telescopes very expensive, biggest planned: 7.5 km3 (TRIDENT)

The problem: light range ~ few 100m
The solution: sound range ~ few km
Askaryan

But how do we

,hear” a neutrino?



https://doi.org/10.1038/s41550-023-02087-6

Towards an acoustic neutrino telescope 11

Hydrophones: KM3NeT-Gr: » There once was a MATLAB code
> Piezoelectric (already installed) > near Pylos from The ACoRNE Collaboration
» Membrane (already installed) » depth: 4550m (and it is not available anymore ...)
» Optic fibore + membrane » noise Ivl measured > well ... and there’s nothing else
(under development) » seabed mapped: » that’s where we step in!
.? = sub-m precision
= quite flat

Simulation studies

Funding ...

membrane

inner
end-cap volume

arxiv:2501.12999

oceansonics.com

click on the map to enlarge [
- e


https://arxiv.org/abs/2501.12999
https://doi.org/10.1051/epjconf/201921602007
https://oceansonics.com/

Research plans in a nutshell

Our focus:

¢ Software development & maintenance:
= new acoustic simulation code: SUNSET
[Julia]
« Acoustic calibration

« Sound emission by UHE neutrino events
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Research plans in a nutshell 13

Our focus:

¢ Software development & maintenance:
= new acoustic simulation code: SUNSET
[Julia]
« Acoustic calibration
« Sound emission by UHE neutrino events
= gSeaGen
[C++]
 GENIE-based neutrino events generator

« Processing of muons simulated with CORSIKA

— Paper submitted to Comp. Phys. Comm.
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https://git.km3net.de/opensource/gseagen
https://github.com/GENIE-MC/Generator
https://www.iap.kit.edu/corsika/
https://arxiv.org/abs/2410.24115

Research plans in a nutshell 14

Our focus:

¢ Software development & maintenance:
= new acoustic simulation code: SUNSET

[Julia]

« Acoustic calibration
« Sound emission by UHE neutrino events

= gSeaGen
[C++]

« GENIE-based neutrino events generator
* Processing of muons simulated with CORSIKA
— Paper submitted to Comp. Phys. Comm.
“* Neutrino energy & direction reconstruction
= Using optical and/or acoustic data

= Using ML & DL
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https://git.km3net.de/opensource/gseagen
https://arxiv.org/abs/2410.24115

Research plans in a nutshell

Our focus:

= new acoustic simulation code: SUNSET -

% Software development & maintenance:
[Julig] SUNSET

« Acoustic calibration
« Sound emission by UHE neutrino events
= gSeaGen
[C++]
« GENIE-based neutrino events generator
* Processing of muons simulated with CORSIKA
— Paper submitted to Comp. Phys. Comm.
“* Neutrino energy & direction reconstruction
= Using optical and/or acoustic data
= Using ML & DL
¢ Study of TDEs with neutrinos
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https://git.km3net.de/opensource/gseagen
https://arxiv.org/abs/2410.24115

Research plans in a nutshell

Our focus:

% Software development & maintenance:
* new acoustic simulation code: SUNSET
[Julia] SUNSET
« Acoustic calibration
« Sound emission by UHE neutrino events
= gSeaGen
[C++]
« GENIE-based neutrino events generator
* Processing of muons simulated with CORSIKA
— Paper submitted to Comp. Phys. Comm.
“* Neutrino energy & direction reconstruction
= Using optical and/or acoustic data
= Using ML & DL
¢ Study of TDEs with neutrinos
< Muon bundle reconstruction St
¢ Prompt muon sensitivity study

»
% ...
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to reach the top
of the can
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https://git.km3net.de/opensource/gseagen
https://arxiv.org/abs/2410.24115

Summary & Outlook 17

Summary: a \
% KM3NeT keeps growing & collecting data oy I | |
% Already competitive in astronomy (and beyond) L1 i | i
< Polish group active in: \ * ‘ ’
= simulation software development o8
ﬁi

* neutrino astronomy
= cosmic ray physics
* machine learning

% Stay tuned for more exciting results! ©

>

Thank you for your attention!
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EAS simulations in KM3NeT 15

We have 2 options: W

1. MUPAGE (atmospheric MUons from PArametric

formulas: a fast GEnerator for neutrino telescopes)

« developed for ANTARES

« fast muon MC generator

« based on parametric formulas and MACRO measurements
« parameters can be freely tuned

2. CORSIKA (COsmic Ray Simulations for KAscade)

« developed for KASCADE
 full simulation of air showers
e customizable (models, primaries, etc.)



https://arxiv.org/abs/0907.5563
https://www.ikp.kit.edu/corsika/index.php

Light sensors - m

Digital Optical Module (DOM)

acrylic glass sphere with:

© 313"PMIs, 2022 JINST 17 P0703
readout electronics, | ‘

pressure gauge,

acoustic sensonrs,
JATIS 7(1), 016001 (2021)

Photomultiplier Tube (PMT)

converts light into electric signal

JINST13 (2018) P05035




DOM arrangement | ' EI

Detection Unit (DU):

vertical string with 18 DOMSs

Eur. Phys. J. C 76 (2016) 76:54

Naming:

ORCAG <> ORCA with 6 strings , S
« with 2 strings

2020 JINST 15 P11027

etc.




Detection Unit (DU):

vertical string with 18 DOMSs

Eur. Phys. J. C 76 (2016) 76:54

Naming:

<> with 6 strings
<> with 2 strings

2020 JINST 15 P11027




Multiplicity reco: final results 23

Analogical results obtained for

Example of the results for ARCAB: ARCAI15, ORCALLS and ORCAG

2D: pred vs true 1D histograms

KM3NeT/ARCAG6 Preliminary KM3NeT/ARCAG6 Preliminary
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Event topologies 24
: : L % Direction
Examples of basic event topologies: Classes based on combinations of: 2 Shape

down-going track up-going track single cascade double cascade
(typically atm. w) (typically atm. vﬂ) (typically atm. v /v ) (typically atm. v )




High-energy neutrinos >> >> >

e High-energy neutrino emission is correlated with temporal and spatial emissions across all the multi-
messenger

e Tidally disrupted events are one of the potential candidates of high energy neutrinos

Price et al. (2024)
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High-energy neutrinos Tidally disrupted events > Strategy

Tidally disrupted events (TDE): Theoretical Shock
concept of massive black holes and star
system reaching Roche limit

Main sequence stars of mass 1 - 10 Mg
and black hole mass 10° - 10%°Mg

TDE comprises of jet and fallback accretion
system




High-energy neutrinos Tidally disrupted events

Strategy

Multi-messenger properties:

o Spectral classification by UV - optical color
diagram into TDE-H, TDE-H+He, and TDE-He
o At X-ray and radio energies non-thermal
emissions
Very high-energy neutrinos of TeV and PeV
Gravitational waves candidate up to 10 Hz

N
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