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ANTARES Scientific Program
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● Astronomy & astrophysics (main goal by design):

○ Neutrino astronomy: prove the existence of a 
cosmic neutrino flux and neutrino sources.

○ Multi-messenger astronomy: connects different 
cosmic messengers having a common origin. 

○ High-energy cosmic rays origin. Study of the 
sources (particle acceleration and propagation). 

● Dark matter & Particle physics:

○ Dark Matter origin.

○ Beyond Standard Model theories: magnetic 
monopoles, nuclearites.

● Neutrino oscillations & interactions.

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

Credit: IceCube/NASA

Cosmic accelerators can produce different messengers: cosmic rays, 
gamma rays, neutrinos, and gravitational waves.

Common origin: cosmic rays accelerators produce both 𝛄 and 𝝂 
through hadronic processes, p𝛄 and pp interactions.
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● Primary neutrino interacts with the matter near the detector.

● A secondary lepton is produced inducing Cherenkov light collected by an array of PMTs embedded in optical transparent media, water or ice.

● Submerged to filter out the cosmic ray secondary backgrounds (mostly muons).

● “Gold” channel are upward-reconstructed events, to reject anything but neutrinos.

● Cosmic neutrinos are still sub-dominant compared to atmospheric neutrinos.

Neutrino Telescopes: Detection Principle

33

Eur.Phys.J.C65:649-701,2010  Figure from B.D. Hartmann PhD 

νμ

μ

https://link.springer.com/article/10.1140/epjc/s10052-009-1230-9
https://opus4.kobv.de/opus4-fau/files/296/DoktorarbeitBettinaHartmann.pdf
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● ANTARES was an underwater neutrino telescope (2006 - 2022).

● Located at 2500 m depth, 40 km off the Toulon coast in France (42°48'N) 
[good visibility of the Southern sky, inner Galaxy].

● 3D array of 885 PMTs (10-inch) distributed in 12 lines of 25 storeys with an 
instrumented volume of ~0.01 km3. 

● Sensitive to energies from hundreds of GeV to PeV.

● Angular resolution (median) < 0.4° for E > 10 TeV (tracks).

IFIC

TAUP
The ANTARES Neutrino Telescope
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Feb 2006

First Line

ANTARES

https://antares.in2p3.fr/
https://www.google.com/maps/d/viewer?mid=1jS40dxh0l8JVG2FrYDxU4NKoJLQ&usp=sharing
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The ANTARES Collaboration
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● The ANTARES collaboration includes about 150 engineers, technicians, and physicists from institutes mainly in Europe.

● The collaboration was established in 1997 when the detector proposal was published. It is still presently active, even though the 
detector was decommissioned in 2022.

● The final results by the collaboration are being produced, some will be presented today. 

● The ANTARES legacy: papers with the whole dataset are already being published. Hoping to have all publications ready by 2024.

Legacy paper 
accepted for 
publication

in JCAP  

https://arxiv.org/abs/astro-ph/9707136 

https://arxiv.org/abs/2211.07551
https://arxiv.org/abs/astro-ph/9707136
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Results

66
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Cosmic Diffuse Emission
● High-energy cosmic neutrinos were confirmed by the IceCube collaboration in 2013. 

● ANTARES has observed a mild 1.8 σ excess with data from 2007-2018 (3330 days).

● 50 events (27 tracks & 23 showers) observed while 36.1 ± 8.7 (19.9 tracks & 16.2 
showers) expected from background.

● The last ~4 years of data will be added soon with analysis improvements (e.g. new 
shower selection, improved energy estimation).

77

JHEAp 36 (2022) 55-110

Track

ShowerProg.Part.Nucl.Phys. 67 (2012) 651-704  

PoS ICRC2021 (891)

https://doi.org/10.1016/j.jheap.2022.08.001
https://doi.org/10.1016/j.ppnp.2011.12.001
https://pos.sissa.it/358/891/
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Galactic Diffuse Emission
● A Galactic component contributing to the cosmic neutrino diffuse flux was announced this 

year by ANTARES (~2 σ) and IceCube (~4.5 σ).

● ANTARES ON/OFF analysis at E>1 TeV detects 21 (13) track (shower) events while 
11.7 ± 0.6 (11.2 ± 0.9) track (shower) events are expected, 2.2 (0.2) σ excess.

● ANTARES template analysis using the most recent KRAγ models shows a 1.5-1.8 σ excess.

88

ANTARES 
Preliminary

Phys.Lett.B 841 (2023) 137951 & 
PoS ICRC 2023 (1084) 
 

https://doi.org/10.1016/j.physletb.2023.137951
https://pos.sissa.it/444/1084/
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Search for Neutrino Sources
● Several types of searches performed: time-dependent, time-integrated, all-sky search, candidate 

list search, catalog-stacked, etc.

● In an 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) σ, with no evident association (closest source is 1° away).

● A list of 163 candidate sources was 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) σ pre(post)-trial significance.

99

PoS ICRC 2023 (1128)  

Source n_signal pre-trial sign (σ)

MG3 J225517+2409 4.4 3.4 

3C 403 3.2 3.4

J0242+1101 4.4 2.6

J2136+0041 2.8 2.4

TXS 0506+056 2.5 2.4

J0609-1542 1.2 2.3

PKS 1741-038 2.7 2.0

Galactic Center 2.0 2.0

https://pos.sissa.it/444/1128/
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Time-dependent Source Searches
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● Search for neutrinos using the temporal information from external observatories (triggered).

● Tested potential neutrino flares by IceCube [ApJL 920 L45 (2021)] with ANTARES data.

● Out of 36 sources, 4 have fitted signal (~2 σ upper-fluctuations).

● TXS 0506 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 EM observatories ongoing.

Source n_signal pre-trial sign (σ)

NGC 598 0.86 2.2 

TXS 0506+056 0.86 2.2

PKS 1502+106 1.31 2.1

B3 0609+413 0.40 1.7

PoS ICRC 2023 (1480)

https://iopscience.iop.org/article/10.3847/2041-8213/ac2c7b
https://pos.sissa.it/444/1480/
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Catalog-based Searches
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● Different catalogs tested with 11 yr ANTARES data. Radio Galaxies the most significant with a pre(post)-trial 2.8 (1.6) σ excess ApJ 911 48 (2021).

● New analysis: updated radio-bright (VLBI) blazars catalog +2 yr data. Counting analysis and likelihood analysis consistent showing a 2.2 σ excess.

● Additional search for neutrino flares (untriggered) show 18 sources (out of 2744 tested) 
with pre-trial significance >3 σ pre-trial. Background probability 1.4% (2.5 σ).

● Both time-integrated and time-dependent analyses hint that some blazars might emit neutrinos.

● Interesting case of J0242+1101, showing temporal coincidence with gamma and radio flares 
and also coincident with a high-energy IceCube track. Chance coincidence probability 0.5% 
(caveat: coincidence found a posteriori, assumptions made in this estimation).

PoS ICRC 2023 (1567)

ApJ 911 48 (2021)

https://iopscience.iop.org/article/10.3847/1538-4357/abe53c
https://pos.sissa.it/444/1567/
https://iopscience.iop.org/article/10.3847/1538-4357/abe53c
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Other Astrophysics Analyses
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● ANTARES has a rich multi-messenger program with MoUs with different observatories.

● Combined analyses with IceCube (Southern sky): searches for sources, Galactic diffuse emission, 
dark matter, gravitational waves, etc.

● Multi-messenger searches with HAWC through AMON [ApJ 944 166 (2023)].

● Correlations of neutrinos (ANTARES & IceCube) with UHE Cosmic Rays (Auger & Telescope Array) 
[ApJ 934 164 (2022)].

● Search for neutrinos from transients (offline): GWs [JCAP04(2023)004], GRBs [JCAP03(2021)092]. 

● Legacy of all the ANTARES follow-up online searches (alerts & transients): 2211.07551

ApJ 892 92 (2020)

JCAP04(2023)004

ApJ 944 166 (2023)

2211.07551

https://iopscience.iop.org/article/10.3847/1538-4357/ab7afb
https://iopscience.iop.org/article/10.3847/2041-8213/aaeecf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.082002
https://iopscience.iop.org/article/10.3847/1538-4357/aaf21d
https://iopscience.iop.org/article/10.3847/1538-4357/acafdd
https://iopscience.iop.org/article/10.3847/1538-4357/ac6def
https://iopscience.iop.org/article/10.1088/1475-7516/2023/04/004
https://iopscience.iop.org/article/10.1088/1475-7516/2021/03/092
https://arxiv.org/abs/2211.07551
https://iopscience.iop.org/article/10.3847/1538-4357/ab7afb
https://iopscience.iop.org/article/10.1088/1475-7516/2023/04/004
https://iopscience.iop.org/article/10.3847/1538-4357/acafdd
https://arxiv.org/abs/2211.07551
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Other Analyses & Publications
● Dark Matter searches: JCAP06(2022)028 (from Gal. Cen.), PoS ICRC 2023 (1406) (from Sun), Phys Dark Universe 16, 41 (2017) (from Earth).

● Exotics: Limits on the nuclearite flux [JCAP01(2023)012], search for magnetic monopoles [JHEAp 34 (2022)]

● Cosmic-Ray Physics: Measurement of the atmospheric νe and νμ energy spectra with the ANTARES [Phys.Lett.B 816 (2021) 136228], Shadow 
of the Moon [Eur.Phys.J.C 78 (2018) 12, 1006] and Sun [Phys. Rev. D 102, 122007 (2020)], solar atmospheric neutrinos [JCAP06(2022)018].

● Neutrino physics: Neutrino oscillations [JHEP 06 (2019) 113], Non-standard Interactions [JHEP 07 (2022) 048] [tomorrow by A. Lazo (link)].

● Several technical papers and not only Physics! Multi-disciplinary facility, e.g. “Sperm whale long-range echolocation sounds revealed by 
ANTARES, a deep-sea neutrino telescope” [Sci Rep . 2017 Apr 12;7:45517].

1313

JHEP 06 (2019) 113

Full list of publications (>100): 
https://antares.in2p3.fr/publications/ 

PoS ICRC 2023 (1375) JHEAp 34 (2022)

https://iopscience.iop.org/article/10.1088/1475-7516/2022/06/028
https://pos.sissa.it/444/1406
https://www.sciencedirect.com/science/article/pii/S2212686417300225
https://iopscience.iop.org/article/10.1088/1475-7516/2023/01/012
https://www.sciencedirect.com/science/article/pii/S2214404822000118
https://linkinghub.elsevier.com/retrieve/pii/S0370269321001684
https://link.springer.com/article/10.1140/epjc/s10052-018-6451-3
https://doi.org/10.1103/PhysRevD.102.122007
https://iopscience.iop.org/article/10.1088/1475-7516/2022/06/018
https://link.springer.com/article/10.1007/JHEP06(2019)113
https://link.springer.com/article/10.1007/JHEP07(2022)048
https://indico.cern.ch/event/1199289/contributions/5447132/
https://www.nature.com/articles/srep45517
https://link.springer.com/article/10.1007/JHEP06(2019)113
https://antares.in2p3.fr/publications/
https://pos.sissa.it/444/1375/
https://www.sciencedirect.com/science/article/pii/S2214404822000118
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What did we learn?
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● Feasibility & reliability of operating a neutrino telescope underwater (ANTARES operated for +15 years!)

● ANTARES was relatively small, although relevant results were produced including hints compatible with the 

IceCube discoveries (cosmic & Galactic diffuse flux, TXS 0506).

● We need more neutrino telescopes: complete sky coverage, trial factor reduction, cross-checks.

● Cooperation with other observatories, multi-messenger astronomy, is key.
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What is next?
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● ANTARES legacy papers are being produced, expected to be published by 2024.

● The next generation neutrino telescope KM3NeT is already taking data with a partial configuration whose size 

already exceeds that of ANTARES. Overview tomorrow by R. Gozzini [link]. 

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

● Expected to become fully operational by 2028, KM3NeT will be a discovery instrument. 

https://indico.cern.ch/event/1199289/contributions/5447194/


Thanks for your 
attention!

16
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Backup slides
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Diffuse flux
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MG3 J225517+2409

ApJ 911 48 (2021) 
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 https://www.astronomerstelegram.org/?read=13202 

https://iopscience.iop.org/article/10.3847/1538-4357/abe53c
https://www.astronomerstelegram.org/?read=13202
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Search for Neutrino Sources
● Several types of searches performed: time-dependent, time-integrated, all-sky search, candidate list search, catalog-stacked, etc.

● In the all-sky search we divided the sky in a grid with 0.11° spacing between pixel centres (HEALPix, Nside=512). 

● The most significant spot, (RA, dec) = (200.5, 17.7)°, has a pre(post)-trial significance of 4.0 (1.2) σ, with no evident association as the 
nearest source (J1318+1807) is 1° away.

2020

PoS ICRC 2023 (1128)  

https://pos.sissa.it/444/1128/
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Candidate Sources Search
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● To reduce the search trials of the all-sky search, a list of 163 candidate sources was tested.

● No significant excess observed but some sources show interesting upper fluctuations.

● Best candidates are MG3 J225517+2409 and 3C403 (radio-blazars) with 3.4(1.7) σ 
pre(post)-trial significance.

Source n_signal pre-trial sign (σ)

MG3 J225517+2409 4.4 3.4 

3C403 3.2 3.4

J0242+1101 4.4 2.6

J2136+0041 2.8 2.4

TXS 0506+056 2.5 2.4

J0609-1542 1.2 2.3

PKS 1741-038 2.7 2.0

Galactic Center 2.0 2.0PoS ICRC 2023 (1128)  

https://pos.sissa.it/444/1128/
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Time dependent (triggered) search
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Time dependent (triggered) search
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Radio-blazar flares
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Targeted sources list
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Angular Resolution (tracks & showers)
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Search for Exotic Physics
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