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Physics motivations

Supernovae
Explosions

Neutrino
Physics

Dark Matter
& Exotics searches

Cosmic neutrinos
Multi-Messenger program

+ Not only physics: Environmental research (Earth & Sea Science).




Characteristics of neutrino telescopes

Sensitive from few GeV to few PeV
e Large volume: offers a large number
of free target nucleons for neutrino | ﬁ Cherenkov cone
interactions. o

* Great depth: provides shielding
against secondary particle produced
by CRs.

* Transparent medium: allows

/ Telescope array

propagation of Cherenkov photons i Neutrino
emitted by relativistic charged 1 interaction with
matter

particles produced by neutrino

interactions yd
Produced charged lepton

Time and position of photons to reconstruct the Cherenkov cone - neutrino incoming direction
3



Neutrino telescopes around the world
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The ANTARES Collaboration

aaaaaa Lituanie

The ANTARES collaboration is composed of o | s,
around 150 engineers, technicians and physicists Q»e'giq‘ui"" =
from different institutes principally located in W e
Europe. g’ "’C Sl

. . "' ' " Bulgarie
The collaboration was born in 1997. '




The ANTARES neutrino telescope
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* Toulon, France

e ~2500 m depth

* Data taking: 2007-> February 2022 0
Array infrastructure: |
* 12 lines | j . ™ '-: / Cable to

» 25 storeys (3 OM x storey) & : s shore \
- ~900 PMTs i | station

e Volume = 0.01 km3 | ’ o ). ¥
' | Junction

— > 10000 neutrinos recorded
— ~100 publications in the field of neutrino physics and astrophysics






Cosmic diffuse emission

* IceCube has confirmed the existence of high-energy

cosmic neutrinos 1 2013

* ANTARES using data from 2007-2018 (3330 days) has

observed 1.8 o excess — 50 events observed while 36.1
+ 8.7 expected from background (tracks + showers).

 New results are in preparation.
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https://pos.sissa.it/358/891/
https://www.sciencedirect.com/science/article/pii/S2214404822000416?via%3Dihub
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https://www.sciencedirect.com/science/article/pii/S037026932300285X?via%3Dihub

Galactic diffuse emission

 ANTARES template analysis using the most recent KRAy models shows a 1.5-1.8

G €XCess.
* This 1s the same method used by IceCube (~4.5 o).
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https://pos.sissa.it/444/1084/

Search for neutrino sources

* Several types of searches performed: time-integrated, all-sky search and candidate list search

 All-sky time-integrated search: the most significant spot, (RA, dec) = (200.5, 17.7)°, has a
pre(post)-trial significance of 4.0(1.2) o, with no evident association (closest source is 1°

away).

* Candidate list search: 163 sources were tested to reduce the trial factor. No significant excess

observed but some sources show interesting upper fluctuations.
— Best candidates are MG3 J225517+2409 and 3C403 with 3.4(1.7) ¢ pre(post)-trial

significance.
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https://pos.sissa.it/444/1128/

Time-dependent Source Searches

* Time-dependent search: using the temporal information from external observatories
* Tested potential neutrino flares by IceCube [ApJL 920 L45 (2021)] with ANTARES data.
* Out of 36 sources, 4 have fitted signal (~2 ¢ upper-fluctuations).

* TXS 0506+056 has 1 event compatible with the “orphan” neutrino flare (2014-2015).
Overall significance comparable to time-integrated search, with 3 times less signal.

* Searches based on Electro-Magnetic observatories ongoing.
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https://pos.sissa.it/444/1480/

Dark matter searches from Galactic centre

* Limits on < ov > from WIMP o .
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https://pos.sissa.it/444/1375/

Full list of publications:

Oth el an alySis https://antares.in2p3.fr/publications/

* Exotic physics: search for magnetic monopoles [JHEAp 34 (2022)], Limits on the
nuclearite flux [JCAPO1(2023)012]

* Neutrino physics: Neutrino oscillations [JHEP 06 (2019) 113], Non-standard
Interactions [JHEP 07 (2022) 048]

* Multi-messenger searches: with HAWC through AMON [ApJ 944 166 (2023)],
GRBs [JCAP03(2021)092], GWs [JCAP04(2023)004]

 Catalog analysis [ApJ 911 48 (2021)]

* Combined analyses:
* Dark matter with IceCube [Phys. Rev. D 102 (2020)]
* Sources with IceCube [ApJ 892 92 (2020)]
* Correlations of neutrinos (with IceCube) with UHE Cosmic rays with
AUGER [ApJ 934 164 (2022)]

* Multi-disciplinary facility: Sperm whale [Sc1 Rep . 2017 Apr 12;7:45517]
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https://www.sciencedirect.com/science/article/abs/pii/S2214404822000118
https://iopscience.iop.org/article/10.1088/1475-7516/2023/01/012
https://link.springer.com/article/10.1007/JHEP06(2019)113
https://link.springer.com/article/10.1007/JHEP07(2022)048
https://iopscience.iop.org/article/10.3847/1538-4357/acafdd
https://iopscience.iop.org/article/10.1088/1475-7516/2021/03/092
https://iopscience.iop.org/article/10.1088/1475-7516/2023/04/004
https://iopscience.iop.org/article/10.3847/1538-4357/abe53c
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.082002
https://iopscience.iop.org/article/10.3847/1538-4357/ab7afb
https://iopscience.iop.org/article/10.3847/1538-4357/ac6def
https://www.nature.com/articles/srep45517
https://antares.in2p3.fr/publications/

What is next?

* The next generation neutrino telescope KM3NeT 1s under construction and
1s already taking data

 KM3NeT has an improved design, with two detectors (ARCA & ORCA)
sensitive from MeV to PeV energies.

* Expected to become complete by 2028

ANTARES
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Conclusions

ANTARES has taken data from 2007 to early
2022

More than 100 papers have been published in
peer-review journals in the field of neutrino
searches

ANTARES was part of the multi-messenger
world collaborating with other experiments

Final legacy analysis are ongoing and will be
finalized 1n 2024
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