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Neutrino fluxes in the Universe
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Multi-messenger paradigm
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Neutrinos: smoking gun for cosmic-ray interactions

● 1 – 100 GeV: atmospheric neutrinos, dark matter…
● 100 GeV - 30 TeV: various galactic (TeV gamma) sources
● 30 TeV – 3 PeV: IceCube signal (astrophysical flux)

ORCA
ANTARES
ARCA
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ANTARES in numbers:
• 12-line data taking since 2008
•  o(11000) detected neutrinos
•  Angular resolution: 0.3-0.4° (median)
•  Effective area: ≈1m2 @ 30 TeV
•  Visibility: ¾ of the sky, most of the 

galactic plane
•  Real-time data processing 
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Tracks:
Angular resol: ~0.3o

Energy resol:  factor 3
Large detection volume
=> Ideal for astronomy
=> but large atm bkg

Cascades:
Angular resol: ~3o

Energy resol:  5-10%
Contained event
=> Almost no atm bkg

Neutrino event topologies
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Run Control TAToO

ANTARES on-line data

Alert trigger

TAROT
ZADKO
MASTER
SWIFT
MWA
HESS
HAWC

Mail  
SMS

GCN

External servers

TAToO alert system

SVOM

Real-time  
reconstruction
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Telescopes: 

SVOM ground telescope HESS

MWA
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HAWC



Efficiency of prompt observations vs location on the Earth

Telescopes: 

MASTER
SVOM telescopes

TAROT
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TAToO alert triggers

Triggers: Single HE neutrinos (~10 TeV), single neutrino with 
direction close to local galaxies (~1 TeV), doublet of neutrinos

Performances:
   * Time to send an alert: ~5s 
   * First image of the follow-up: <20s (with 
TAROT few alerts in 15s) 
   * Median angular resolution: 0.3-0.4o 
   * Dedicated optical image analysis pipeline
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TAToO: early follow-up
Visible:
93 alerts analyzed 01/2010-01/2016 
from TAROT, ROTSE, MASTER 
=>13 alerts with delay <1min (best: 17s) 
=> no transient candidate associated to 
neutrinos 

X-ray:
12 alerts analyzed 06/2013-01/2016 
=> average delay ~5-6 hours 
=> no transient candidate associated to 
neutrinos 

=> Constrains on origin of individual 
neutrinos  
=> Interpretation of the UL in the case of 
GRB afterglow

10



TAToO: ANT150901

11



TAToO: ANT150901
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TAToO: radio follow-up
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TAToO

Visible 
TAROT 
ZADKO 
MASTER 
SVOM GT

Radio 
MWA

X-ray 
Swift

GeV-ray 
Fermi

TeV-ray 
HESS

* TAToO: multi wavelength follow-up of neutrinos

(Offline) (1+1 alert/yr)(6 alerts/yr)

(30 alerts/yr)

(12/yr)

TeV-ray 
HAWC
(10 alerts/yr)
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Nb alerts: 221 alerts sent to optical telescopes since mid 2009 
+12 to the X-ray telescopes since mid 2013 + 4 to M.W.A since 

2016 + 2 to HESS in the last year
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Others real-times MM analysis
GW151226

IC161103 (HESE)

FRB 15.… (Parkes)



12 lines, 885 OMs
3 Building Blocks on 2 sites: 3*115 
lines, ~6210 OMs, ~45200 PMTs

ANTARES => KM3NeT
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Tracks:
• Direction: 
➡ Gal. sources: 0.2o at 10TeV
➡ Extra-gal. sources: 0.1o at 100TeV
• Energy: 0.27 in Log10(E)

Cascades:
• Vertex: 6-8m (long), 0.5m (perp)
• Direction: ~1.5o

• Energy: 5%

Performances KM3NeT ARCA
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Muliti-messenger alerts @ SVOM
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Last picture of the ORCA node in its way to the abyss

Summary:
- 10 years of continuous data-taking
- Small excess in all diffuse analysis (final 

ANTARES sensitivity <=> IC signal flux)
- Update with 2016 data @ ICRC
- Competitive results on the Southern sky
- Huge multi-messenger effort

- ANTARES will be decommissioned end of 
2017, then smooth transition to KM3NeT

- KM3NeT is under construction in Europe (2 
sites South of Italy and South of France). 
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In the KM3NeT Fr site, few months ago…20


