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https://www.youtube.com/watch?v=SnKvtazt5So 
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https://doi.org/10.1016/j.nima.2020.163678
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https://doi.org/10.1016/j.nima.2020.163678
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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
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Neutrinos in a few words

+ antiparticles



15



16



Scientific American, July 1969

Homestake Solar Experiment
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BNL Public Relation Office

“A giant trap has been set deep underground to catch a few of the neutrinos that theory predicts should be pouring out of the sun.
Their capture would prove that the sun runs on thermonuclear power.”  John N. Bahcall

Homestake Solar Experiment
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https://www.nature.com/articles/s41586-020-2934-0 20

https://www.nature.com/articles/s41586-020-2934-0


https://www.nature.com/articles/s41586-020-2934-0 21

https://www.nature.com/articles/s41586-020-2934-0


https://www.nasa.gov/mission_pages/sunearth/science/Sunlayers.html
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https://www.nasa.gov/mission_pages/sunearth/science/Sunlayers.html
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https://snews2.org

https://snews2.org/
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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



Dielectric medium

ν

e,μ,τ 

Cherenkov 
radiation

ν

μ

10

Detection strategy
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ν

μ

- Amount of light-> Energy

- Timing -> Direction

- Topology -> Flavor
time
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Detection strategy



Veto

ν

μ

Diffuse neutrino flux 
7.5 year 

102 events, with 60 events > 60 TeV
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https://arxiv.org/abs/2011.03545

rg/abs/2011.03545

https://arxiv.ohttps/arxiv.org/abs/2011.03545
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• No evidence for point sources
• No correlation with the galactic plane
• Best fit: Single power law with spectral index  γ = 2.89+0.20

−0.19
all-flavor flux normalization Φ = 6.45+1.46

−0.46
• Data does not prefer a broken power law model

Diffuse neutrino flux 
7.5 year 
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NASA, ESA, CSA, T. Carpentier 47
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Située à 47 millions d’années lumière 49
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UHECR
High-energy

neutrinos



IceCube Collaboration/U.S. National Science Foundation )/ESO 
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IceCube Collaboration/U.S. National Science Foundation )/ESO 
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Multi-messenger astronomy

𝛄

ν CR

GW

3
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UHECR
High-energy

neutrinos



𝛄

ν CR

GW

Core-collapse 
supernova
SN1987a

4

c
Multi-messenger astronomy



𝛄 GW

Binary neutron star merger
GW170817 – GRB170817A

ν CR

5

Multi-messenger astronomy



Neutrino 
telescopes

EM partner

Interferometers
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Neutrino 
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EM partner
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Neutrino Energy: 290 TeV (>180 TeV, 90% CL)
RA: 77.43° (-0.65°/+0.95° 90% CL)
Dec:  5.72° (-0.30°/+0.50° 90% CL)

22 September 2017
IceCube-170922A

https://arxiv.org/pdf/1807.08816
https://arxiv.org/abs/1807.08794

https://arxiv.org/pdf/1807.08816.pdf
https://arxiv.org/abs/1807.08794


22 Septembre 2017
IceCube-170922A
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Neutrino Energy: 290 TeV (>180 TeV, 90% CL)
RA: 77.43° (-0.65°/+0.95° 90% CL)
Dec:  5.72° (-0.30°/+0.50° 90% CL)

• Observation by Fermi of a known blazar TXS 0506+056, in a 
flaring state

• Detection by MAGIC of gamma rays > 400 GeV

Significance for the 
overlap: 3σ
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Archival search

IceCube170922A

• Search for a point source in a time-dependent analysis in the 
direction of TXS

• Excess of 13 ± 5 neutrinos in 2014-2015 over 110 days 

• Significance defined using similar searches in random 
directions : 3,5σ



63

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



Can we learn more from neutrino 
astronomy? 
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Can we learn more from neutrino 
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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 67

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 68

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

- Amount of light-> Energy

- Timing -> Direction

- Topology -> Flavor
time
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Detection strategy



Cascades + Tracks + Double cascades

Doug Cowen
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Cascades + Tracks + Double cascades

Doug Cowen
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Cascades + Tracks + Double cascades

Doug Cowen
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The most energetic neutrino ever…
ARCA21

With a deposited energy above 10 PeV !

Possibly the first detection of a cosmogenic neutrino
Antoine Kouchner
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ARCA21

The event is well reconstructed as a track (cf. time residuals)
1° above the horizon

The most energetic neutrino ever…
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ARCA21

With a deposited energy above 10 PeV !

MC simulation

Huge amount of light detected ->  35% of the total number of PMTs were 
triggered

More than 100 million of data 
events in this plot 

The most energetic neutrino ever…
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ARCA21
From the track and shower 

reconstructions
👇

A muon track and three 
showers detected

Hit times are fully 
consistent with photons 

from Cherenkov emission
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The most energetic neutrino ever…
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ARCA21Hit times consistent with the emission from three points along 
the track ->  stochastic light emission

The most energetic neutrino ever…
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Impact of the environment
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Impact of the environment

• Find an example and how to mitigate the impact
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Impact of the environment

• Find an example and how to mitigate the impact

• Why is it an issue?

84



85



86



ß
Ab

so
rp

tio
n 

le
ng

th

87



88



89



ν

90



91

ν

Not to scale!
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Understanding the noise from the Deep Sea

Steven Haddock/Monterey Bay Aquarium Research Institute

Data recorded
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https://www.zooniverse.org/projects/reinforce/deep-sea-explorers 

https://www.zooniverse.org/projects/reinforce/deep-sea-explorers


SN leader

Image  adapted from the IceCube Collaboration 95
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Neutrino 
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Speeding up

Cascades vs tracks Cascades + Tracks 
+ Double cascades

Upgoing track searches All-sky all-flavour searches

1 km3 detector At least 3 km3 detectors 
around the globe

Seeing the diffuse flux Resolving sources
99
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Towards Multi-Detector and Multi-Energy 
neutrino astronomy 

in the Multi-Messenger Era!
      


