
Recent Results from ANTARES 

•  First deep-sea neutrino telescope running 
since 2007 

•  Excellent view of Galactic center region 
with high angular resolution 

      ! Interesting constraints on the origin of 
    the IceCube signal 
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Low Energy  
> 10 GeV 

Medium Energy  
10 GeV < Eν < 1 TeV 

High Energy  
Eν > 1 TeV 

ν Oscillations Dark matter search ν  from extra-terrestrial 
sources 

Origin and production 
mechanism of HE CR + Exotic searches 

2 Science scope 

 Earth and Sea Sciences: oceanography, biology, geology, climate monitoring … 

ANTARES = multi-disciplinary observatory 
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" PLoS ONE 8 (7) 2013 
Deep-sea bioluminescence blooms after dense water formation at the ocean surface  

 
"  Ocean Dynamics, April 2014, 64, 4,  507-517 
High-frequency internal wave motions at the ANTARES site in the deep Western Mediterranean 

"  Deep-Sea Research I 58 (2011) 875–884 
Acoustic and optical variations during rapid downward 
motion episodes in the deep North Western Mediterranean 
 

Publications associées Connections to Earth and Sea sciences 

"  Journal of Geophysical Research: Oceans, Vol 122, 3, 2017 
Deep sediment resuspension and thick nepheloid layer  
generation by open-ocean convection 

"  Sci. Rep. 7 (2017) 45517  
Sperm whale diel behaviour revealed by ANTARES, a deep-sea neutrino telescope 
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! Talk by D. Lefevre in environment session  



The ANTARES Collaboration 

Nantes
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The ANTARES Neutrino Telescope 

~70 m 

350 m 

100 m 

14.5 m 

Interlink cables  

Junction 
box 

(since 2002) 

40 km 

Anchor/line socket 
©Montanet 

Deployed  
in 2001 

•  25 storeys / line 
•  3 PMTs / storey 

•  885 PMTs 

" NIM A 656 (2011) 11-38 
 
2500 m depth 
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Basic neutrino detector element: storey 

Hydrophone: 
acoustic positioning 
" JINST 7 T08002 

Optical Module:  
10” Hamamatsu PMT in 

17” glass sphere 
photon detection 

"  NIM A484 (2002) 369 
"  NIM A555 (2005) 132 

Titanium frame: support structure  
Optical Beacon 
with blue LEDs: 

timing calibration  
" NIM A578 (2007) 498 

Local Control Module (Ti): 
Front-end ASIC, DAQ/SC, 

DWDM,  
Clock, tilt/compass, power 

distribution… 
" NIMA 622 (2010) 59-73 
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Detector Calibration 

Timing resolution  
of electronics 

 ~ 0.5 ns 

Led/laser beacons 
Intense light: 

PMT TTS 
negligible 

Autonomous 
Transponder 

•  Hydrophone 

storey positions 
fit 

hydrophones 

Positioning 
resolution  
< 10 cm 
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•  Upgoing track events (νµCC) 

•  Angular resolution <0.4° for Eν>10 TeV  

•  90% purity 

•  Energy resolution of about a factor 2 

•  Upgoing cascade events (νe/νt CC, NC)  
•  Angular resolution < 3° 
•  Energy resolution for νeCC better than 10% 

Reconstruction performances 
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Absolute Pointing – consistent with expectation 
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350 m 

180 m 

100 m 

Atmospheric shower 

Array of 15 
scintillator units  
(0.8 m2 each) 

Reconstructed 
track 

Constraints: 
-0.056±0.861° 

Moon shadow  
as seen  

by ANTARES 
 (3,5 σ) 

2007-2016 
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2 sea compains Talk T. Chairusi  
Detector Physics " arXiv:1807.11815  



40K (long-term) monitoring 
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γ

Up to 150 
Cherenkov γ
per decay; 
stable 40K 

concentration 

40K (β decay) 

40Ca 

e 

Regular tunings 
Only ~20% efficiency loss 
 
40K powerful calibration tool 

May 2018 



Updated Oscillation Study 
•  9 years of data (2007-2016) - 2830 days of lifetime 

•  7710 events selected, two reconstruction procedures 

•   track channel only, Ereco from muon range 

•  A binned likelihood fit (Poisson stat.) is perfomed in two dimensions (log10(Ereco), cosθ23
reco) 

Θ23       
 = 45.6° 

Δm32
2 = 1.9 10-3 eV2 

No-oscillation hypothesis excluded at 4.6σ  
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Updated Oscillation Study - sterile 

Will soon appear on the arxiv 
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Earth 

ν

χ

χ
χ

χ
χ

Relic WIMPs gravitationally bound / elastic collisions 
(Sun, Earth, Galactic Center) 

<Eν> ~ Mχ/3 
ANTARES 

" Phys. Let. B 769 (2017) 249 

MWIMP(GeV) 

Indirect Search for Dark Matter 

MWIMP(GeV) 

" Phys.Lett. B759 (2016) 69-74 Track channel only 

Also DM from the Center of the Earth : " Physics of the Dark Universe, 16 (2017) 41–48 

2007 - 2015 

2007 - 2012 
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16 Indirect Search for Dark Matter 

" Phys.Lett. B759 (2016) 69-74 Track channel only 

Also DM from the Center of the Earth : " Physics of the Dark Universe, 16 (2017) 41–48 

2007 - 2015 

Combination with IceCube  
ongoing 

 
Talk R. Gozzini  
Exotics Physics 

 
Plans to combine with Baikal 

very much encouraged 
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Diffuse flux (all flavors) 
17 

Results not really constraining… but fully compatible with IceCube 

Sample: 
•  2007 – 2015; livetime 2450 days 
•  All-flavour analysis (track+showers) 
 
Event selection chain + energy-related cut 
applied to 
•  obtain a high-purity neutrino sample 
•  maximise sensitivity 
 
Signal modeled according to the IceCube flux  
 
Result:   
33 events (19 tracks + 14 showers) in data 
24 ±7 (stat.+syst.) events background in MC 
 
1.6σ excess, null hyp. rejected at 85% CL  

" ApJL 853, L7 (2018)  



Search for diffuse flux from Galactic ridge 
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"  Phys. Rev. D 96, 062001 (2017) 
"  ANTARES+IC submit. ApJL 

Combined U.L. at 90% CL (blue line) on the 3-flavor 
neutrino flux of the KRAγ model (5-50 PeV cutoff) 

ANTARES 
IceCube 

ANTARES 
IceCube 

Result: total flux contribution of diffuse 
Galactic neutrino emission <9% of the total 
diffuse IC astrophysical signal (Eν> 30 TeV) 

Stacked expected signal vs. δ (top) and energy 
(bottom). Colors relative contribution to the sensitivity 

! Talk by C. Haack 
HE session 



•  2007-2015 (2424 days): 
        7629 tracks, 180 cascades 

•  Unbinned all-sky search 

•  106 Candidate sources  
      including 13 IceCube HESE tracks     
      and HAWC sources 

•  No significant excess 

•  Best limits for part of Southern 
Hemisphere 

•  Excellent sensitivity for Eν <100 TeV 

" Phys. Rev. D 96, 082001 (2017) 
 

   Candidate 
     Sources  
   IC HESE tracks 

Open circles: 
IC HESE tracks 

GC region 

Blue: Tracks 
Red: Cascades 
 

All flavor point source search 
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Most significant cluster  
in full sky 

p = 6% (1.9 sigma) 
(α,δ) = (343.8°, 23.5°) 

Most significant candidate 
HESSJ0632+057 

p = 13% 
(α,δ) = (98.24°, 5.81°) 



PRELIMINARY 

Special focuses 
•  IceCube HESE muon tracks 

Limits  (10-8  GeV cm-2  s-1) 

5.3 sig. events 
1.2 σ
 

•  Dedicated Search in GC region 
  

PRELIMINARY 
E-2  

Spectral  
index 

Extension 
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Combined ANTARES-IceCube PS search 
ANTARES 2007-2015 and the IC40, IC59, IC79, IC86 samples for the Southern Hemisphere 
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Talk G. Iluminati 
HE session 



The multi-messenger program 

1ST APPROACH: Time dependent searches 
GRB 
Microquasar 
Gamma-ray binaries 
Blazars 
Supernovae Ib,c 
Fast Radio Bursts 
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Talks B. Baret 
MM Session 

 
B. Baret (GWHEN) 

 



Fast Radio Bursts  

Fluence 90% C.L for E-ɣ 

•  γ = 1.0 
•  γ = 2.0 
•  γ = 2.5 

#  Jan. 2013 – Jan. 2017 analysis. 

#  16 FRB (Parkes, UTMOST, ASKAP) ! 12 in 
the FoV during the data taking. 

#  ± 6h search period in 2o. 

#  Event selection optimization – 1 seen 
neutrino = 3σ discovery. 

#  No events found ! limits set. 

" MNRAS 469 (2017) 4465, MNRAS 475 (2018) 1427 
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Search for neutrinos from TXS 0506+056 

Talk G. Iluminati 
HE session 
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" ApJL 863, L2 (2018) 

Time integrated archival search 
 
•  same method as PS searches, +2016/17  

•  Expected background (3136 days) : 
•  0.23/deg2 for track-like  
•  0.005/deg2 for shower-like events 

•  # of events fitting the likelihood signal function 
for the source: µsig = 1.03 

 
•  Pre-trial p-value of 3.4% (post-trial 87%) 
•  1 track (12/12/2013) 0.3o from the source  

•  Flux U.L. (@100 TeV) for E-2: 1.6x10-18 GeV-1 
cm-2 s-1 in the range [2 TeV-4 PeV] 

•  In the list of 107 pre-selected sources, only 
two have a smaller p-value 

 

Distribution of the 13 tracks +1 shower events in 
the (RA,δ) coordinates around (radius=1o and 5o) 
the position of TXS 0506+056.  
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Search for neutrinos from TXS 0506+056 
Focus on the flare IceCube Flaring period 
 
 •  We use a time-dependent analysis that 

reduces by a factor of 2-3 the signal required 
for a discovery  

•  Results: no events found during flares. Within 
2o from the source, 10 background events 
expected, 13 events found in data. None of 
them lies in the flaring period.  

Talk G. Iluminati 
HE session " ApJL 863, L2 (2018) 



The multi-messenger program: TATOO 

2ND APPROACH:

Real-time analysis 

Alert 
triggering 

+ … 

- Time to send an alert: ~5 s 
- First optical image <20 s 
- Median angular resolution: ~0.3° 
- Triggers: single HE, preferred direction,  
  multiplets 

Telescope-Antares Target of Opportunity 
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TATOO and the GRBs 
Radio Optical X-ray GeV ɣ-rays TeV ɣ-rays 

MWA�
(12/yr)

TAROT�
ZADKO�
MASTER�
(GWAC)�
(30/yr)

Swift�
(6/yr)
Integral

Fermi�
(offline)

HESS�
(2/yr)�
HAWC�
(offline)
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Triggers: 

#  Doublet of neutrinos (<3o, <15 min): ~0.04 events/yr 

#  Single neutrino with direction close  to local galaxies:  

 ~1 TeV, ~10 events/ yr 

#  Single HE neutrinos: ~5 TeV, 20 events/ yr 

#  Single VHE neutrinos: ~30 TeV, ~3-4 events/ yr 

Performances: 

$  Time to send an alert: ~5 s 

$  Median angular resolution: ~ 0.4° 

Sent neutrino alerts  
(2009-2018) 

 
277   to robotic telescopes 
+15   to Swift 
+8     to INTEGRAL 
 

+~22   to MWA 
+2       to HESS 

Talk B. Baret 
MM session 



Summary   

%  ANTARES is the largest NT in the Mediterranean Sea.  

   A multi disciplinary observatory (associated sciences). 

  

%  Competitive physics results. 

%  Constraints on neutrinos as seen by IceCube.  

%  Includes cascade-like events various analyses 
%  Good pointing power 

%  Extensive multi-messenger program.  

%  Joint studies with GNN partners very welcome ! 

 

%  Although technologically challenging ANTARES  

   is working according to specifications. 

   Proves the feasibility of a deep sea Neutrino Telescope. 

   ! KM3NeT Thanks for your attention 

Will keep running 
until 2020 



Thanks for your attention 

During operation on the 
ANTARES/ KM3NeT site 

29 


