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1 pc = 3,085 677 581 × 1016 m
= 3,2616 light-years 17



1 pc = 3,085 677 581 × 1016 m
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No electric charge

Very small but nonzero 
masses

Oscillation from one 
flavor state to another

Very small cross section

Elementary particles

30

Neutrinos in a few words

+ antiparticles
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Evidence for High-Energy 
Extraterrestrial Neutrinos at 
the IceCube Detector

22 Nov. 2013
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Neutrino telescopes

Non-exhaustive list
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IceCube
South Pole,

Antarctica
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IceCube
South Pole,

Antarctica
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2500 m



KM3NeT 
Mediterranean Sea,

France and Italy
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Dielectric medium

ν

e,μ,τ

Cherenkov
radiation

5160 sensors1 km3 2070 sensors/block
1 block ORCA 

+ 2 blocks ARCA 9

Detection strategy
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Detection strategy



ν

μ

- Amount of light-> Energy

- Timing -> Direction

- Topology -> Flavor

time
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Detection strategy
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ɸ = 𝐴 𝐸−2.89
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Multi-Messenger Astronomy

𝛄

ν CR

GW
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𝛄

ν CR

GW

Core Collapse Supernova

SN1987a

4

Multi-Messenger Astronomy



Multi-Messenger Astronomy

𝛄 GW

Binary neutron star merger

GW170817 – GRB170817A

ν CR
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59

Multimessenger observations 
of a flaring blazar coincident 
with high-energy neutrino 
IceCube-170922A

Neutrino emission from the 
direction of the blazar TXS 
0506+056 prior to the 
IceCube-170922A alert

13 Jul. 2018
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+: Larger flux (factor 103)

-: Larger background
(atm + detector noise)
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Not to scale!
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Understanding the noise from the Deep Sea

Steven Haddock/Monterey Bay Aquarium Research Institute

Data recorded



Not to scale
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Thanks!
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time

Topology
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IceCube: exciting times!
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IceCube

IceCube-Upgrade

IceCube-Gen2Detectors not to scale

86 strings
7 strings

Super detector



IceCube: exciting times!
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86 strings 7 strings

EeV PeV TeV GeV
Energy



ANTARES and 
KM3NeT: exciting times!
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More than 15 years of data taking!

8 ARCA Detection Unit
6 ORCA Detection Units

Detectors not to scale ORCA

ARCA

ANTARES



ANTARES and 
KM3NeT: exciting times!
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8 ARCA Detection Unit
6 ORCA Detection Units

Expected for the next 6 months:
- 7 + 2-3 more ORCA DUs
- ORCA Instrumentation Unit
- 15 more ARCA DUs

More than 15 years of data taking!

Detectors not to scale
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First observation of a Glashow 
resonance event

Detection of a shower with an 
energy of 6.05 ± 0.72 PeV

https://www.nature.com/articles/s41586-021-03256-1 80

https://www.nature.com/articles/s41586-021-03256-1


First observation of a Glashow 
resonance event

https://www.nature.com/articles/s41586-021-03256-1 81
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- Dominated 
by protons or 
heavy nuclei

- ɸ = 𝐴 𝐸−⍺
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Now

- Dominated 
by protons or 
heavy nuclei

- ɸ = 𝐴 𝐸−⍺

- Different ⍺!
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Gamma-ray burst

Blazars
(Fermi 2LAC catalog)

Galactic plane < 14%

<  1%

< 27%

What can we do to find sources?

Neutrino searches from known sources


