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How to study the Universe?
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Neutrinos in a few words

Elementary particles

No electric charge

Very small cross section

bottom

Oscillation from one

flavor state to another ﬁ

Very small but nonzero
Masses first second

ganaration
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Neutrino telescopes

Non-exhaustive list



Neutrino telescopes

GNN "

The GLObaL NeutrLno Necwors \




Neutrino telescopes
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lceCube
South Pole,
Antarctica




lceCube
South Pole,
Antarctica







42



Detection strategy

S @(
2070 sensors/block
1 block ORCA
+ 2 blocks ARCA

5160 sensors



Detection strategy




Detection strategy

- Amount of light-> Energy

- Timing -> Direction

- Topology -> Flavor
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Multi-Messenger Astronomy

GW _



Multi-Messenger Astronomy

Core Collapse Supernova

SN1987a



Multi-Messenger Astronomy

Binary neutron star merger

GW170817 - GRB170817A



LUl ., Yo 13 Jul. 2018

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
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Best fit UHECR + 3o, Heinze et al.
------ 10% protons in UHECRs (AUGER), m=3.4, van Vliet et al
: allowed from UHECRs, van Vliet et al.
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GRAND Giant Radio Array for Neutrino Detection

Surface
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* Antenna optimized for horizontal showers

* Bow-tie design, 3 perpendicular arms

* Frequency range: 50-200 MHz

* Inter-antenna spacing: 1 km
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Not to scale!
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Not to scale!



Understanding the noise from the Deep Sea
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lceCube: exciting times!
lceCube-Upgrade

ICECUBE

lceCube
86 strings

7 strings

ml
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Super detector

Detectors not to scale lceCube-Gen?2



lceCube: exciting times!

ICECUBE

Gen2-Radio IceCube-Gen2 ® IceCube ¥k IceCube Upgrade

EeV PeV TeV GeV
Energy
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ANTARES and
KM3NeT: exciting times!

More than 15 years of data taking!

8 ARCA Detection Unit ::
6 ORCA Detection Units

Detectors not to scale



ANTARES and
KM3NeT: exciting times|

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! |

8 ARCA Detection Unit
6 ORCA Detection Units

Detectors not to scale
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First observation of a Glashow
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https://www.nature.com/articles/s41586-021-03256-1
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https://www.nature.com/articles/s41586-021-03256-1
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“
— Collision with atmospheric
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Extensive Air Shower

Particles from air shower penetrate
particle detectors, interact and are

detected
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Figure 1: Schematic depiction of the two major detection methods for ground-based gamma-ray astronomy;
particle detector arrays and Imaging Atmospheric Cherenkov Telescopes (IACTs) [5]. Both techniques
measure the Extensive Air Showers generated by incident gamma-rays. 83
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Neutrino searches from known sources

Contribution to the HE Vv

flux
Blazars <27%
(Fermi 2LAC catalog)
Gamma-ray burst < 1%
Galactic plane < 14%

What can we do to find sources?
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