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Atmos neutrinos
ν oscillations
ν mass ordering
Sterile, NSI, …

Dark matter
Monopoles, 
Nuclearites,…

Cosmic neutrinos

Cosmic rays

Origin and production 
mechanism of HE CR

+ oceanography, biology, bioacoustics, seismology,… 
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Neutrino telescopes: science

MeV to PeV energies

Supernova
Solar flares

ANTARES
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Neutrinos: neutral, stable, weakly interacting
not absorbed by background light/CMB ➔ access to cosmological distances
not absorbed by matter ➔ access to dense environments
not deviated by magnetic fields ➔ astronomy over full energy range
three flavours ➔ additional information on source

‘Smoking gun’ signature for hadronic processes

Correlated in time/direction with electromagnetic and gravitational waves

Neutrinos and multi-messenger astronomy
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Multi-site, deep-sea infrastructure
Selected for ESFRI roadmap 
Single collaboration, Single technology 

ORCA

ARCA

Oscillation Research
with Cosmics In the Abyss

Astroparticle Research
with Cosmics In the Abyss

KM3NeT 2.0: Letter of Intent
http://dx.doi.org/10.1088/0954-3899/43/8/084001

J. Phys. G: Nucl. Part. Phys. 43 (2016) 084001

2440m

3400m

KM3NeT

Montpellier

http://dx.doi.org/10.1088/0954-3899/43/8/084001
http://dx.doi.org/10.1088/0954-3899/43/8/084001
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KM3NeT



450 m
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KM3NeT building block
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Depth: 2440m/3400m

‒ 31 x 3” PMTs
‒ All data to shore: Gbit/s optical fibre
‒ White Rabbit time synchronisation
‒ LED flasher & acoustic piezo
‒ Tiltmeter/compass
‒ Low drag

Instrumented mass 7 Mton 500*2 Mton



Seafloor infrastructures
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200 m

ORCA
(France)

ARCA
(Italy)

1 km

ARCA
2nd Cable
Nov 2020

ORCA
2nd junction box
Oct 2020

ARCA
junction box
+5 detection units
April 2021



KM3NeT: ARCA and ORCA



Event Topologies
CC nµ
track like events
good pointing

CC ne+ all flavours NC 

atmospheric muon
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BACKGROUND !!

ντ CC⎯ →⎯ τ  +  shower

CC nt
“double bang”

t

shower like events –
good energy 
reconstruction



Resolutions
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Tracks (CC nµ nt) Showers (CC ne nt - NC) 

Angular resolution 10°/1°
at 100 TeV for Ice/water

Energy resolution ~ 5%

Angular resolution 0.5°/0.1°
at 100 TeV for Ice/water

Energy resolution ~ 200-300%
(if contained: 25%)

Precision multi-flavour astronomy with water based telescopes
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Detector construction all around Europe

DOMs
• 8 integration sites
• 860 produced
• 105 currently on bench

Base Modules
• 9 integration sites 
• 45 BM produced
• 5 currently on bench

Detection Units
• 6 integration sites
• 33 DUs produced
• 8 currently on bench
• 19 deployed

Despite pandemic big efforts are on going in the detector construction
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18 KM3NeT detection units operational

ARCA8 ORCA10



13

Effective areas: KM3NeT vs ANTARES

ARCA6+ORCA6 bit better than ANTARES Completion of ORCA115 array in 2026 
and ARCA230 in 2027
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ARCA6 data

19 days



KM3NeT diffuse cosmic flux

5σ in ∼ 0.5 year for the full detector (230 DUs) 
5σ ∼ 1 year for one block detector (115 DUs)

one flavour
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Galactic plane 

Guaranteed galactic neutrinos from 
CR interactions with matter

Analysis uses full model morphology & spectrum 
– tracks and cascades

ANTARES Limit is a factor 1.2
above the ‘KRAγ’ model.

ANTARES updated analysis soon

KM3NeT sensitivity very promising

Phys. Rev. D 96, 062001 (2017)

Fermi

ApJL 868, L20 (2018)

Combination with IC



KM3NeT: sources
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Point sources Extended sources



neutrino oscillations with atmospheric neutrinos 
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Normal ordering Inverted ordering
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6 yrs & combination with JUNO

ORCA115: neutrino mass ordering

3 years

2.5-5s determination of Neutrino Mass 
Ordering possible in 3 years 

Combination power relies on tension 
between best-fit of ∆m2

31 in “wrong 
ordering” between JUNO and ORCA

JUNO

ORCA

combination
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ORCA6 neutrino oscillations (tracks)

Preliminary
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ORCA115: neutrino oscillations sensitivity (3 years)

NO
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ORCA115: NMO compared with the world

Draft SNOWMASS White paper, Denton et al., 2022



• Neutrino Beam from Protvino to ORCA
• Baseline 2590 km
• First oscillation maximum 5.1 GeV
• Sensitivity to mass hierarchy and CPV
• LoI published: arXiv:1902.06083
• Huge detector -> relax beam power
• New idea - ν tagging at source:

New idea: Tagged Protvino to ORCA
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10 yr
40*1020 POT

A. V. Akindinov et al., 
“Letter of Interest for a Neutrino Beam from Protvino to KM3NeT/ORCA"

https://arxiv.org/abs/1902.06083

M. Perrin-Terrin
https://arxiv.org/abs/2112.12848

https://arxiv.org/abs/1902.06083
https://arxiv.org/abs/2112.12848
https://arxiv.org/abs/2112.12848
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Conclusions and outlook

Water based detectors: angular resolution, multi-flavour astronomy, galactic sources

Intriguing indications of cosmic neutrino sources from ICECUBE/ANTARES associated 
with radio loud and/or gamma blazar flares

- J0242+1101
- MG3 J225517+2409
- TXS 0506+056

KM3NeT taking data and growing rapidly
First measurement of neutrino oscillation parameters by ORCA6

New ideas in gestation
- Protvino to ORCA (P2O)
- Acoustic detection of UHE neutrinos


