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Atmosneutrinos
o˄scillations
m˄ass ordering

SterileΣ b{LΣ Χ

Dark matter
Monopoles, 
NuclearitesΣΧ

Cosmicneutrinos

Cosmicrays

Origin and production 
mechanism of HE CR

+ oceanography, biology, bioacoustics, ǎŜƛǎƳƻƭƻƎȅΣΧ 
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Neutrino telescopes: science

MeV to PeVenergies

Supernova
Solar flares

ANTARES



Main question: what is the origin and the role of the cosmic rays in the Universe ?

Ҧ 5ƛǎŎƻǾŜǊ Ϥмлл ȅŜŀǊǎ ŀƎƻ ōǳǘ ǎǘƛƭƭ ǳƴƪƴƻǿƴ ƻǊƛƎƛƴ
Ҧ {ǇŜŎǘǊǳƳ ƻǾŜǊ он ƻǊŘŜǊǎ ƻŦ ƳŀƎƴƛǘǳŘŜ

Ҧ aȅǎǘŜǊƛŜǎ ŀǘ ǘƘŜ ǳƭǘǊŀ ƘƛƎƘ ŜƴŜǊƎƛŜǎ Ҕ мл20 eV, 
which acceleration mechanism ? 
Which sources ? 
Which cosmic evolution ?

Ҧ Connectionto the other messengers (˄, ɹ , GW)
Ҧ !ǘ ǘƘŜ ƘŜŀǊǘ ƻŦ ǘƘŜ ƴƻƴ-thermal astronomy
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Motivations for neutrino astronomy

Charged protons 
scrambled due to 
magnetic fields
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ne:nm:nt=1:2:0  source   ne:nm:nt=1:1:1 Earth

The CR-gamma-neutrino connection
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Neutrinos: neutral, stable, weakly interacting
not absorbed by background light/CMB áccess to cosmological distances
not absorbed by matter áccess to dense environments
not deviated by magnetic fields ástronomy over full energy range

Ψ{ƳƻƪƛƴƎ ƎǳƴΩ ǎƛƎƴŀǘǳǊŜ ŦƻǊ ƘŀŘǊƻƴƛŎ ǇǊƻŎŜǎǎŜǎ

Correlated in time/direction with electromagnetic and gravitational waves

New window of observation on the Universe 

Neutrinos: cosmic messengers



A new windowon the Universe
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The Universe is opaque to EM radiation above 10-100 TeV, 
but not to neutrinos



ˋό˄ǇύκˋόʴǇύҐ мл-7  at 1 TeV

Need very large detectors

41 m

IceCube
GVD

KM3NeT-ARCA
1 Gton

ANTARES
20 

Mton
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KM3NeT-ORCA
8 MtonSuperK

50 kton

400 m

1000m

200m

Neutrinos fluxes from MeV to PeV



Very large volume neutrino telescopes
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Mediterranean Sea
Saltwater: K40
Bioluminescence

Lake Baikal
Freshwater
Chemiluminescence

Antarctic 
Ice
Dust, air bubbles
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Baikal-GVD
Lake Baikal (-1.3km)
12/18 clustersof 8 strings
0.5 km3
1,728 ta¢ǎ όмлέύ

4032 PMTs(14 clusters)

KM3NeT
Med. Sea (-2.4/-3.4km)
3BB (345 strings)
6000*31 PMTsόоάύ
1.1 km3

IceCube
South Pole (-2.4km)
86 strings
5160ta¢ǎ όмлέύ
1 km3

South Pole

Current H20 (liquid+solid) neutrino telescopes

Antares
Med. Sea (-2.4km)
12 strings
885 PMTsόмлάύ
1/100 km3

Mediterranean
~ 43o North



ANTARES Detector
Sea water

Ice

100 m

350 m

14.5 m

40 km 

to shore

12 lines (885 PMTs)

25 storeys / line

3 PMTs / storey

5-line setup in 2007

Completed in 2008

Dismantle 2022

Junction box

60 m

(2008-2022) 
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ANTARES Dismantling (feb/June 2022)
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Multi-site, deep-sea infrastructure

Single collaboration, single technology

Selected for ESFRI roadmap 2016

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

62 institutes
22 countries
5  continents

+ Harvard



KM3NeT: ARCA and ORCA



450 m
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KM3NeT building block

225m/1km

2
0

0
m

/8
0

0
m

9m/36m

Depth: 2440m/3400m

ом Ȅ оέ ta¢ǎ

All data to shore: Gbit/s optical fibre

White Rabbittime synchronisation

LED flasher & acoustic piezo

Tiltmeter/compass

Low drag

Instrumented mass 7 Mton 500*2 Mton

2
0

0
m

/8
0

0
m
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Effective areas: KM3NeT vs ANTARES
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Amsterdam

Athens

Catania

Genova

Bologna

Erlangen

Detector Construction

Marseille

Caserta

Caen

Strasbourg

Nantes

Montpellier



17

KM3NeT Detector Unit deployment



Current Status: 46 DUs deployed 

ARCA28ORCA18

Sonar scan 
From ROV



KM3NeT Event display
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ARCA28ORCA18



EventTopologies
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Resolutions
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Tracks (CC nmnt) Showers (CC nent-NC) 

Angular resolution 10°/1°
at 100 TeVfor Ice/water

Energy resolution ~ 5%

Angular resolution 0.5°/0.1°
at 100 TeVfor Ice/water

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

Precision multi-flavourastronomy with water based telescopes
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Resolutions: IceCubevs KM3NeT

Old IceCube skymap
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IceCube7-10 yrs
HESE

Measurementsof the diffuse neutrino flux e˄



ANTARES 2007-2020 data
2ů excess in tracks and showers Ÿ hint for Galactic signal

Phys. Lett. B 841 (2023), p. 137951

For Ev>1 TeV
21 track events observed -> 11.7±0.6 back. expected
13 shower events observed -> (11.2±0.9 back. expected 

ICRC2023 PoS 1103

ARCA6 & ARCA8 & ARCA19 fully analyzed

ARCA21 partially analyzed (until December 2022)

ICRC2023 PoS 1190 KM3NeT

|l| < 31° and |b| < 5° for KM3NeT/ARCA6-8 and

|l| < 31° and |b| < 4° for KM3NeT/ARCA19-21

On-Off zone analysis

ARCA6+8+19+21 upper limits

ANTARES
best -fit flux

ARCA6+8 upper limits

IceCube
KRAɔ5 best-fit flux

IceCube
ˊ0 model best-fit flux

Diffuse from GalacticPlane

https://arxiv.org/abs/2309.05016
https://pos.sissa.it/444/1103/pdf
https://pos.sissa.it/444/1190/pdf
https://arxiv.org/abs/2309.05016


25

ANTARES point source searches(15 years)

MG3 J225517+2409 (3.4 ̀pre-trial)
3C403 (3.4̀ pre-trial)
J0242+1101 (2.6̀ pre-trial)
J2136+0041 (2.4̀ pre-trial)
TXS 0506+056 (2.4̀pre-trial)

Hotspot (‌, ‏)=(17.74 ,200.46)

MG3 J225517+2409 (3.4 ̀pre-trial) BL Lac
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KM3NeT point source searches

KM3NeT (7 yrs)

IceCube(10 y)

ARCA320 10y

ANTARES 15y

ARCA6 92d

ARCA6-8 302d

ARCA6-21 (424d)



KM3NeT expected sensitivities

рˋ ƛƴ Ḑ0.5 year for the full detector (230 DUs) 

Diffuse flux
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NGC1068

3ˋ in one year



Neutrino oscillations with atmospheric neutrinos 
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Normal ordering Inverted ordering


