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Neutrino
Astronomy

* Perfect probes:
undeflected and
unabsorbed

e Search for a diffuse flux
from unresolved sources
e Search for individual

sources

* Multimessenger search
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Photomultipliers collecting Cherenkov photons due

to relativistic charged particles from V interactions
Parent v direction reconstructed using time &

position

Moisej Markov Bruno Pontecorvo

Detection technique
1960, Rochester Conference

M.Markov
We propose to install detectors
¥ deep in a lake or in the sea and
b | to determine the direction of
# charged particles with the help
of Cherenkov radiation
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Physics background
Atmospheric muons

direction cut 2>
upward going events

BUT

detector calibration

Atmospheric neutrinos
irreducible background
BUT

neutrino oscillations

muon neutrino, CF only all neutrino flavors, CC & NC
(track reconstruction) (shower reconstruction) energy spectrum




Why the Mediterranean Sea

Optical properties of water = Mapping the Southern sky with excellent angular resolution
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w;’?!#he ANTARES neutrino telescope

. *|n operation since 200
¢885 10” PMTs

e 12 lines

e 25 storeys/line

* 3 PMTs / storey ;

e all-data-to-shore
e Volume 0.01 kry/
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Many searches and activities
Only some selected recent

« Diffuse flux search results are presented
* Atmospheric neutrino energy spectra

* Cosmic neutrino sources
* Multi-messenger studies (space-time coincidences) — the intriguing case
of radio blazars

e Dark matter — talk of Daniel Lopez-Coto: tomorrow July 28th

No time to discuss

today

e Exotics: magnetic monopoles and nuclearites
 Moon and Sun shadows of cosmic rays arriving at the Earth
* Oceanography, biology, geophysics....

* https://antares.in2p3.fr/ complete list of publications
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QTARS

Diffuse cosmic flux

|

Results presented at ICRC2019 : 2007-2018 (3330 days) — PoS(ICRC2019) 891
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NTAR S

Diffuse cosmic flux

New ways to improve the result are under study - new shower selection strategy

* Boosted Decision Tree (BDT)
-> low-energy showers
-> atmospheric v, CC

* A new powerful tool to select cascade-like events in
cosmic neutrino search

* Unfolding of energy spectrum
* In agreement with existing measurements
* Excellent rejection of atmospheric muon bkg
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S TARE

@ Point-like sources — search for clustering events

ANTARES 13 years (3845 days of livetime) 10162 track and 225 showers
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) Point-like sources — catalog search
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Multimessenger studies with ANTARES

v APP35(2012)530

Intense multi-messenger activity
JCAP02(2016)062

Gamma-ray Coordinates Network (GCN) https://gcn.gsfc.nasa.gov/

& L

neutrinos
IceCube, GVD,
GeV-TeV y-rays SNEWS
Fermi, HESS,
HAWC, CTA

UHECR

Auger, TA

only spatial

ANTARES coincidence

Radio/Optic /X-ray / real-time a|erts\

TAROT, MASTER At~ 5s Gravitational
Swift I'NTEGRAL’ median resolution 0.5° Waves

MWA A few 10 alerts per year VIRGO, LIGO
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WTARE

VLBI radio loud blazars (2774 sources)

ANTARES preliminary Gaussian flare J1500-2358 The most significant
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J0242+1101 (PKS 0239+108)
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* ANTARES paved the way to Mediterranean neutrino telescopes:

* Confirmed that
- the Mediterranean Sea is an excellent location to look at the Southern sky
- water properties allow for good angular resolution

* Showed the feasibility of the technique

* Tested advanced technologies

* Created a software framework for simulations and data analysis

* Measured the effects of environmental background

* Produced interesting physics results:
* Hints for diffuse flux of HE neutrinos
* |dentification of potentially interesting point-like sources of neutrinos
* Possible association between neutrino candidates and flaring radio sources
* Atmospheric neutrino spectra of v, and v,, measured

* Many studies in progress:
* Dark matter
* Magnetic monopoles and nuclearites
* Multimessenger studies in coincidence with GRB, Gravitational Waves, transient phenomena.

* Smooth and continuous data taking since 2008 — decommissioning foreseen in 2022
ANTARES will pass the torch to the KM3NeT telescopes
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