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High-energy astrophysical neutrinos
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High-energy neutrino detection

Cherenkov radiation
detected by arrays of
PMTs

Position, time and charge
used to reconstruct
direction and energy

Tracks 0.

Two main event

Either CC or NC
interaction with a CC:v,+N—- £+ X

nucleon N NC: v, +N—->v,+X
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Operatihg in full configura
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Under construction:
o KM3NeT (foreseen: |

IceCube
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Future neutrmo telescope Iandscape

In planning phase:
o lceCube Gen2

o P-ONE
o HUNT
o NEON
o TRIDENT
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Complementarity of v telescopes

Neutrino telescopes FoV: Full Sky
BUT
Depending on telescope location, different sky regions correspond to different:
¢ Background contamination (atmospheric muons are only down-going)
* Accessible energy range (Earth absorbs VHE neutrinos)
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40 evidence for
high-energy
cosmic neutrinos
by IceCube

>40 evidence for
neutrino emission from
active Galaxy NGC 1068
seen by IceCube
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Neutrinos and radio-bright AGNs
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33 lines operating, | |5 lines foreseen
2450 m depth in the Mediterranean Sea
40 km offshore from Toulon
| dense building block
1/125 km?3 instrumented volume
Optimized for GeV energies

— Oscillations, mass hierarchy
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Building block

|15 strings per building block
I8 optical modules per string
31 PMTs per OM

KM3NeT/ARCA

51 lines operating, 230 lines foreseen
3500 m depth in the Mediterranean Sea
100 km offshore from Sicily
2 sparse building blocks
| km?3 instrumented volume
Optimized for > |1-10 TeV energies

— High-energy neutrino astronomy
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Superior angular resolution of KM3NeT

Track channel
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Superior angular resolution of KM3NeT

Shower channel 60
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Point-like sources: results and prospects

KM3NeT/ARCA Preliminary
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Results with current KM3NeT/ARCA
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KM3NeT clear visibility of Southern Sky

KM3NeT/ARCA230
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Extra-galactic sources:
case of starburst galaxies

NGC1068 will be observed at
50 CL in 3 years of operation
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Extended energy range of KM3NeT
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Astronomy in real time

Real-time architecture: PoS(ICRC2025)1115
Follow-up of external triggers: PoS(ICRC2025)1038

KM3NeT Neutrino alerts: PoS(ICRC2025)920
GCN notices: PRELIMINARY
¢ INTEGRAL (GRB)

* FERM_GBM (GRB/Transient/Undef)

e FERMI_LAT (Transient)

o SWIFT_BAT_GRB (GRBE/Transient/Undef)
o SWIFT_XRT (GRE/Transient/Undef)

e SWIFT_BAT_TRAN (Transient)

e MAXI (Transient)
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* TNS catalog updates (FRB) — KM3NeT-ARCA115 (50%) | -
- W = . 0 =
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Follow-up of external triggers: Finalizing KM3NeT neutrino alert streams: Strengthening links
* Automatic search for spatial+time * Single exceptional events with the MM
correlations * Multiplets (two or more events in spatial+time » community to enable
* Fully operational since July 2023 correlation) effective real-time

* No significant association so far e Subthreshold events with an astrophysical counterpart follow-ups @




Conclusions

Neutrino astronomy: a young field and a new messenger for astrophysics

Feasibility proven: a diffuse neutrino flux (Galactic + extragalactic) is established

Open problem: the sources remain largely unidentified

To identify them we need:
|) Large instrumented volume
2) Wide energy range
3) Excellent angular resolution
4) Multi-messenger/wavelength synergies

KM3NeT delivers |-3 and is actively developing 4 = key instrument for
source discovery and leading actor in multi-messenger astronomy




