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GW Astronomy (since 2019) - VIRGO experiment
B. Mours (CNRS, 100%), D. Estevez (post-doc, 100%), V. Juste (PhD, 100 %), T. Pradier (Univ., 25%)

HEN Astronomy (since 2002) - ANTARES and KM3NET experiments
T. Pradier (75%) + UHA-GRPHE : A. Albert (20%), D. Drouhin (5%)
currenly no PhD Student on HEN astronomy
+ 1 post-doc F. HUANG - 100% KM3NET - until November 2020

mailto:thierry.pradier@iphc.cnrs.fr
http://antares.in2p3.fr
http://www.km3net.org/science.php
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Multi-Messenger Astronomy with GW and HEN
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Principles of a Neutrino Telescope
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Cosmic Rays and High Energy Neutrinos

Hadronic CRs Spectrum of ν in the Universe

p/A + p/γ → π± → ν ⇒ E2
νΦν . 4.5× 10−8 GeV/cm2/s/sr (flux WB)

⇒ With Eν = 100TeV, V ∼ km3 needed for detection
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Cosmic Ray Connection Astrophysical Sources European Neutrino Telescopes

Cosmic Rays and High Energy Neutrinos

The dawn of High Energy Neutrino Astronomy
May 2013 : ICECUBE (1 km3of instrumented ice, US, Antarctica) announces the first detection of
cosmic ν at 100 TeV - PeV (few tens)
⇒ Neutrinos at TeV - sources not identified/localized !

Th. Pradier (October 2020) Neutrino (Astro)Physics with ANTARES and KM3NET 4 / 14

https://events.icecube.wisc.edu/getFile.py/access?contribId=76&sessionId=41&resId=0&materialId=slides&confId=46
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Cosmic Ray Connection Astrophysical Sources European Neutrino Telescopes

Cosmic Rays and High Energy Neutrinos

Multi-Messenger Astronomy - 09/2017 Blazar TXS 0506+056 probable source of HEN
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Multi-Messenger sources !

[↪→ I. Bartos et al., Class. Quantum Grav. 30 (2013) 123001] [↪→ U. Katz, Prog. Part. Nucl. Phys. 67 (2012) 651-704]

Astronomy with GW
Collapse/Merger⇒ GW + Jet ?

ADVANCED LIGO : started 09/2015

ADVANCED VIRGO : Summer 2017

Now under upgrading (→ 2022)

Astronomy with HEN
Jet⇒ Cosmic-Rays→ HEN

ANTARES continuously since 2008

KM3NET under construction
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Multi-Messenger sources !

[↪→ I. Bartos et al., Class. Quantum Grav. 30 (2013) 123001] [↪→ U. Katz, Prog. Part. Nucl. Phys. 67 (2012) 651-704]

Astronomy with GW
Collapse/Merger⇒ GW + Jet ?

Astronomy with HEN
Jet⇒ Cosmic-Rays→ HEN

GWHEN : Identify the sources of Cosmic-Rays/HEN through their GW signature !
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Cosmic Ray Connection Astrophysical Sources European Neutrino Telescopes

ANTARES - 2008-2021

0.1 km2

2000 : IPHC

2006 1st Line
2008 12 Lines
2020-21
⇒ Dismantling
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Cosmic Ray Connection Astrophysical Sources European Neutrino Telescopes

KM3NET - under deployment

KM3NET : Low Energy (Fr) + High Energy (It)
⇒ ORCA : 1-100 GeV - ARCA : TeV-PeV
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Cosmic Ray Connection Astrophysical Sources European Neutrino Telescopes

KM3NET - under deployment

KM3NET : telescope 2-3 km3, on 2 sites (Fr, It)
⇒ 6 lines (Fr) + 1 line (It)→ 20-30 in 2021-22 ? −→ 2 + 1× 115 lines ∼25
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http://www.km3net.org/science.php
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Multi-Messenger Astronomy Main contributions

In short...Multi-Messenger connections

Distinguish a cosmic ν from a non-cosmic ν

Correlation (time and/or space) with other messengers !

⇒ At IPHC : GW+HEN and correlations with γ instruments (GeV-TeV)
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Multi-Messenger Astronomy Main contributions

GWHEN : joint analyses ANTARES+VIRGO/LIGO

GW150914 : 1st search for HEN from Black Hole-Black Hole binaries
No HEN in coincidence⇒ limit on total energy in HEN
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http://antares.in2p3.fr/users/pradier/gwhen.html
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Multi-Messenger Astronomy Main contributions

GWHEN : joint analyses ANTARES+VIRGO/LIGO

GW170817 : 1st coalescence of 2 Neutron Stars
Possible Jet⇒ search for HEN
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Multi-Messenger Astronomy Main contributions

GWHEN : joint analyses ANTARES+VIRGO/LIGO

Search for neutrinos 100-1011 GeV with ANTARES-ICECUBE-AUGER

No coincidences⇒ Gamma-Ray Burst observed off-axis
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Analysis ANTARES/KM3NET Optical Background ANTARES/KM3NET

Project ANTARES/ORCA/ARCA : from Merger to Kilonova

Possible project on ANTARES - ORCA/ARCA

Probable Kilonova(s) without associated GW signals (pre-discovery)

Determine date of probable merger→ define Time Coincidence window

HEN Upper Limit / Sensitivity for ANTARES/ KM3NET - Simulations and/or real data
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Analysis ANTARES/KM3NET Optical Background ANTARES/KM3NET

Project KM3NET : DOMs

Digital Optical Module Production @ IPHC
1st DOM July 2018

Half a line produced→ 1-2 DOM/week in late 2020
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Analysis ANTARES/KM3NET Optical Background ANTARES/KM3NET

Project KM3NET : Bioluminescence

Bioluminescence in KM3NET
Correlation with water currents, effect of structures, periodicities...
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Questions...

Contact-me !
pradier@in2p3.fr - 03 88 10 66 20

Office 210 - Building 21
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