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KM3NeT [J.Phys.G:Nucl.Part.Phys.43 084001 (2016)]
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ORCA (spacing 23x9 m): very high statistics of atmospheric v

ARCA (spacing 90x36 m): very rare fluxes of extraterrestrial v
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https://iopscience.iop.org/article/10.1088/0954-3899/43/8/084001

KM3NeT [J.Phys.G:Nucl.Part.Phys.43
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https://iopscience.iop.org/article/10.1088/0954-3899/43/8/084001

KM3NeT: construction timeline

ARCA1 ARCA6 ARCAT1 ARCA21 ARCA33 ARCA51 ARCA230

2019 2020 2021 2022 2023 2024 2025 2026 #
ORCA6 ORCA10  ORCAT ORCA18 ORCA24 ORCA28 ORCA33 ORCA38 ORCA42 ORCA108
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KM3NeT physics case

Astrophysical v sources Diffuse excess (high en- Low-energy v preceding
ergy spectral component) core-collapse SNis

Novel signatures

(Sterile v, heavy neutral
leptons, v decay, quan-
tum decoherence, NSI)

Multimessenger prompt
alert network

u@)\ SNIGRB

Dark matter searches
— see following
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Indirect searches for dark matter

Particularly symptomatic candidates (WIMP relic density in a freeze-out scenario) give rise to
sizeable fluxes of high-energy v.

Unavoidably affected by . Indirect searches alone cannot provide
conclusive evidence of detection.

(1) Energy fegture (1) Ambient

iy = 1000 GeV

«dN/dz

I “;Q' [M.Hmmn/CLuMpﬂ
e ; Dominated by astrophysical
Affected by both detector energy resolution (5% — 20%) _ y astrophy
and by theoretical uncertainties (10% — 30%) mostly on input for mode!llng haloes, much
hadronization model [JCAP03(2024)035] larger than typical PSF
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Indirect searches for dark matter: targets

Milky Way centre (maximum J-factor: large overdensity and close-by), dense celestial bodies
(work as accumulators of dark matter from Galactic haloes, not affected by halo uncertainties).

Galactic Centre

n= o) [ G e [ [ 6.00) g A

Massive celestial body at equilibrium

doy _ Tapn dN,

dE, 4w d? dE,

At equilibrium if age is large with respect to the typical time-scale for the competing
process “capture/annihilation” = flux depends solely on capture rate C: ,,, = C/2
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Dark matter scenarios

WIMPs
@ WIMP annihilation Galactic Centre
@ WIMP-nucleon scattering in the Sun
Beyond WIMPs
Q Light boosted dark matter (population of relativistic dark matter aside usual WIMPs)
@ Dark matter upscattered by cosmic rays
© Non-particle candidates: primordial black holes
© Heavy dark matter in secluded scenarios
© ’'Agnostic-scenario’ heavy dark matter
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Context: observation of an ultra-high-energy cosmic v with KM3NeT

@ Horizontally traversing the detector from the continental shelf: not an atmospheric muon

@ Very bright: 35% of the detector (3672 photomultipliers) triggered

atmospheric muons

140 km

Neutrino

7

4

Actual water equivalent distance even larger due to continental shelf — not an atmospheric p.

Muon energy: 1201%(1)0 PeV, neutrino energy: 220f%8 PeV assuming a E~2 spectrum.

A very high energy astrophysical neutrino [Nature 638, 376-382 (2025)]
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https://www.nature.com/articles/s41586-024-08543-1

KM3-230213A: origin?

Not Galactic
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...or any other traceless transient that conveniently disappears?
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Decay of heavy dark matter

Decay (NFW)
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Decay of heavy dark matter

KM3-230213A could owe its energy to a large progenitor mass, rather than an astrophysical
acceleration mechanism.

o Energy distributions of decaying dark matter are computed with HDM Spectra
[JHEP06(2021)121]. Relevant role of electroweak interactions at such large energies.

@ Halo profiles: NFW and Burkert. Caveat: KM3-230213A is almost perfectly opposed to
the Milky Way Centre... unlikely, not impossible.

Discriminating features: angle from Galactic Centre and energy proxy.
Data: KM3NeT/ARCA21 286 days. Cuts: same as Nature publ. + 30 km overburden.

Ref: Testing Heavy Dark Matter Decay as the Origin of KM3-230213A [arXiv:2606.09986]
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https://link.springer.com/article/10.1007/JHEP06(2021)121
https://arxiv.org/pdf/2606.09986

Decay of heavy dark matter

Decay (NFW) 10-6
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Probing super-heavy dark matter with ultra-high-energy gamma rays [arXiv:2601.11703]
Dark Matter Spectra from the Electroweak to the Planck Scale (HDM) [J.HEP. 2021, 121]
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https://arxiv.org/pdf/2601.11703
https://link.springer.com/article/10.1007/JHEP06(2021)121

Decay of heavy dark matter
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https://iopscience.iop.org/article/10.3847/1538-4357/ac4d29
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.022002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.043005

Test method

Frequentist analysis: binned likelihood +
Feldman-Cousins intervals —95% - - 99%.

atmospheric + HESE (4 - 1073 events)
atmospheric (0.3 - 1073 events)
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Test of scenario where heavy dark matter _ —+ 1C-NST (2022)
decays yielding KM3-230213A, applying s j j
a weight to simulated data for the correct :m 105 DM — 12
energy distribution. ‘g 0 mon= 1L BV )
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Particle candidates for dark matter can be tested indirectly through the final states of
their interactions

© upper limits on WIMP annihilation rate in the Galactcic Centre

@ upper limits on WIMP-nucleon scattering cross section

[ More scenarios beyond WIMPs are an opportunity for neutrino telescopes!

Q parameter space regions not yet fully explored (i.e. very heavy dark matter)
@ non-particle dark matter such as primordial black holes

© test of dark matter decay at the origin of very-high energy neutrino
KM3-230213A, still orphan of a conclusive source
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