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Very-large volume Cherenkov neutrino detectors

[Progr. in Part. and Nucl.Phys. 67 (2012) ]

ν → lepton conversion has small cross section: σν→l ∼ 10−38 cm2 at 1 GeV ⇒

Low rate → very large, hence natural, reservoirs of transparent medium ⇒

Large background collected. Atmospheric ν:µ = 1:106. Filter events across the Earth.
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Very-large volume Cherenkov neutrino detectors: data

[Progr. in Part. and Nucl.Phys. 67 (2012) ]

Cherenkov effect allows for (I) detection and (II) prediction/reconstruction of trajectories

Times, positions of hit PMTs → arrival direction coordinates
Number of hit PMTs → energy

Shape → flavour of associated lepton
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Very-large volume Cherenkov neutrino detectors: data
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KM3NeT [J.Phys.G:Nucl.Part.Phys.43 084001 (2016)]

1 Remotely operated, almost 100% duty cycle

2 Default 2� �eld of view, one unique data set (no pointing)

3 Sub-degree angular resolution

4 All data transmitted to shore via optical �bre

5 Optical module: 31 � 3" PMTs
(single photon counting+detailed directional information+wide angle of view)
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KM3NeT [J.Phys.G:Nucl.Part.Phys.43 084001 (2016)]

ex ANTARESsite

KM3NeT / ORCA

KM3NeT / ARCA

ORCA (spacing 23�9 m): very high statistics of atmospheric �

ARCA (spacing 90�36 m): very rare 
uxes of extraterrestrial �
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KM3NeT: construction timeline
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KM3NeT physics case

Astrophysical � sources
(correlation/autocorrelation)

Multimessenger prompt
alert network

Di�use excess (high en-
ergy spectral component)

Flavour oscillations
Atmospheric oscillation
parameters, mass ordering

Low-energy � preceding
core-collapse SNs

Novel signatures
(Sterile �, heavy neutral
leptons, � decay, quan-
tum decoherence, NSI)

Dark matter searches
{ see following

8 / 23



Indirect searches for dark matter

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

Unavoidably a�ected by large uncertainties. Indirect searches alone cannot provide
conclusive evidence of detection.

(I) Energy feature

x = E kin =m �

A�ected by both detector energy resolution (5% { 20%)
and by theoretical uncertainties (10% { 30%) mostly on
hadronization model [JCAP03(2024)035]

(II) Ambient

[M. H •utten / CLUMPY]

Dominated by astrophysical
input for modelling haloes, much
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 a�ected by halo uncertainties).
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process \capture/annihilation" ) 
ux depends solely on capture rate C: �ann = C/2
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WIMP annihilations in the Galactic Centre

Characterised with energy distribution and halo shape of � clusters. Galactic Centre visible for
about 70% of the time in regular data taking mode, using the Earth as a �lter. Data test
statistics compatible with background hypothesis (atmospheric �).
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WIMP-nucleon scattering in the Sun

Neutrino telescopes can look into the Sun for WIMP annihilation to � (solar BG well known).

Searches with neutrino telescopes are sensitive at low velocities (= easier capture)

Scattering can occur coupling to the spin or mass of target nucleon. The Sun contains
both light elements with an odd number of nucleons, like H, and heavier elements, like He
and O. Isotopic composition of the Sun well known ) both SI and SD limits
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Dark matter scenarios beyond WIMPs

1 Light boosted dark matter (population of relativistic dark matter aside usual WIMPs)

2 Dark matter upscattered by cosmic rays

3 Non-particle candidates: primordial black holes

4 Heavy dark matter in secluded scenarios

5 'Agnostic-scenario' heavy dark matter { see following
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