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B. Baret , A.P.C. Paris
VLVNT Workshop Stockholm , 05/08/2013



c

c
B. Baret                                  ANTARES Multi-messenger                                    VLVNT 2013 2

Multimessenger astronomy, why ?

Independant messengers → uncorellated background
                            → lower quality cuts → Higher signal efficiency
Better understanding of sources

Electromagnetic/Hadronic processes
High to Ultra High Energy Cosmic Ray accelaration Sites
Discovery of Gamma-ray dark sources
…
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Multimessenger atronomy : who ?

Neutrino HE
ANTARES

UHECR
Auger

Gravitational 
Waves

Virgo / Ligo

Optic / X-ray
TAROT, ROTSE 
/ Swift, ZADKO

GeV-TeVγ-rays
Fermi / HESS…

Radio
TANAMI
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Multi-messenger astronomy, how ?

ON-LINE (w. ANTARES fast reconstruction):

« good events » → alerts to others :                              

GCN alerts → something in ANTARES ?

OFF-LINE:

Follow-up of ANTARES hotspot(s)

Use of other messengers informations, i.e. Maximize :

Likelihood ratio=
P sig(α ,δ)×P sig (t )
Pbgd (α ,δ)×Pbgd (t )

Time integrated searches:
● Point Sources :(see J. Zornoza's talk)
● Fermi Bubbles
● Cross-correlation with catalogues

Time triggered searches:
● Others → ANTARES

● GRBs (see J. Schmid's talk)
● Micro-quasars
● AGN flares

● ANTARES → others
● GW emitters

TATOO Program
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X-correlation with catalogues

 j=FERMI/Lat : 2FGL  j=Gazlaxy Catalog:GWGC

 i=neutrinos

 w
i
 =Number of track hits

ICRC2013

2007-2010 PS search sample
From  APJ 760 (2012) 53
3058 ν in 806 d.

 w
j
=γ flux^  w

j
=1/D2^
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« FERMI Bubbles »
FERMI : Extended, homogenous, hard (E-2) spectrum gamma-ray émission
→ M. Su, T. Slatyer, D. Finkbeiner, , ApJ 724 (2010) 1044.

Origin still debated : potentially C.R. Galactic wind interacting with ISM
→ Crocker & Aahronian PRL2011

ICRC2013
2008-2011 Data : 806 d.
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Bgd estimation Signal region 

Data & MC Flux limits

« FERMI Bubbles »

Data
MC

Signal

Cut-off: 
 w.o.

 50TeV

Cut-off: 
w.o.
500TeV
100TeV
50TeV 

N
exp.

=11 N
exp.

=16  (1.2σ )
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Total latency: reco+trigger (<5s) alert sending (<10s) + repositioning (<5s)

 large sky coverage, high duty cycle

 no hypothesis on the nature of the source

 system active since 2009 with optical telescopes, 
     now extended to SWIFT/XRT

3 types of trigger
● Doublet (0.04/yr)
● Single HE (12/yr)
● Single +loc. Galaxy (12/yr)  Astropart. Phys. 35 (2012) 530

optical telescopes
(TAROT/ROTSE/
ZADKO/Skymapper)

Rollling Search
- Mulitplet of neutrinos within given window (time<15’, 

ανγλε<3°)
- One high-energy neutrino
- One event towards a local (<20 Mpc) Galaxy (0.3°)

TATOO program
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No optical coun terparts associated toa neutrino detection (model independent)
Upper Limits in case of GRBs afterglow

TATOO

ICRC2013



c

c
B. Baret                                  ANTARES Multi-messenger                                    VLVNT 2013 10

Flaring sources

Likelihood ratio∼
P sig(α ,δ)×P sig (t )×P sig (N hit )
Pbgd (α ,δ)×Pbgd (t )×Pbgd (N hit )

Micro-quasars AGN
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Micro-quasars

2007-2010 Data:798.5 d.
Selection of Hard state & Hard soft transition

PRELIMINARY

Swift

RXTE

Swift

Hardness

data:798.5
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AGN Flares 2008

APP 36 (2012) 204

http://www.sciencedirect.com/science/article/pii/S0927650512001302
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AGN Flares 2008-2011

ICRC2013

Data : 750 d.

FERMI source preselection :

Lightcurves :
● Likelihood block fit
● baseline+5σ
● Visual inspection
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AGN Flares 2008-2011
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GW+HEN

Effective collaboration (MoU) between 
LSC and ANTARES

since Sept 2009

Main motivations :  plausible common sources (GRBs, SGR, microquasars)
     discovery potential for higgend sources (e.g. failed GRBs)

Ø  GW/HEN common challenge: faint signals on top of abundant noise/background
Ø  Search methodology: HEN selected events trigger the search for GW in time/space coincidence

Phys.Rev. D85 (2012) 103004
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GW+HEN 2007

JCAP06(2013)008
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            Optimization of the joint search sensitivity

Write the number of detectable GWHEN sources as follows

                      and                 are the efficiencies for a given model

Approximate GW efficiency as a step function

 ρ is inversely proportional to horizon distance

'

Objective: maximize the number of “observable” sources
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GW+HEN 2009

 x7 w.r.t. 2007

Final test statistics : P
GW

(ρ)xP
GW

(N
hit

)xP(spatial overlap)
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Conclusion

ANTARES has a wealth of multi-messenger programs :

Almost on-line :

TATOO : sending alerts to robotic telescopes and Swift for follow-up

Fast reaction to (model indpt) Fermi and Swift alerts almost ready

Offline :

Large scale and time integrated searches : PS,X-corellations

 Fermi bubbles...

Externally time triggered searches : GRBs, micro-quasars, AGNs 

Triggering other messenger detectors : GW , HESS

No (significant) excess yet but stay tuned !
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