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An overview

➢ Externally triggered neutrino searches
 handling of GCN alerts
 standard searches for GRB events 
 GRBs above the horizon

 Neutrino-triggered follow-up activities
 TAToO

 Neutrinos in coincidence with gravitational waves 
 the GWHEN project

 Other (time-uncorrelated) multi-messenger analysis
 correlations with AUGER events
 stacking analysis with HESS sources

 Perspectives and future plans                  leave it for the discussion !



  

External triggers
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ANTARES on the Gamma Ray Burst Coordinate Network:

HETE
SWIFT

INTEGRAL
FERMI

since this
month: also
subthreshold 
triggers
(~1/day)

Filtered events
(all hits within ~few µs)

All data without filtering
 for 1 minute (~60 Gb)

timeslice ~104 ms



  

External triggers
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flaring of 
SGR 1550-5418

cable 
failure

Fermi on 
the GCN

typical efficiency ~90%

~ 15 Tbytes of data collected

Status of GCN-triggered data taking Response time

buffering allows to recover
raw data prior to the alert time



  

External triggers: ongoing GRB analyses
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General blinding policy:  - the nature of the alert is hidden
                                             (GRB, other source, fake...)
                                           - only relative times are used 

 Analysis of the standard data in coincidence with GCN alerts

- only upward-going alerts
- blinded window: t = 900s
- event selection: 
   basic filtering (standard triggers)
   + quality cuts on the background conditions
(low baseline, small dispersion, small burst fraction) 
- optimization strategy for upper limit 
(minimization of MRF) and discovery potential 
based on track fit quality & size of the search cone  
- a posteriori: select only long GRBs (T90 > 2s)

-- no analysis unblinded yet --

PRELIM
IN

ARY

Sensitivity to average burst
(2008 period)



  

External triggers: ongoing GRB analyses

- dedicated filtering and reconstruction strategy:
- 6 hits correlated in space and time with the GRB position
- GRB position used to constrain the track fit

           expected increase in GRB detection efficiency  
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 Analysis of the GRB datasets

 « GRBs from above »

(from simulations)

Idea: to detect µ's created by TeV gamma-rays 
originating from GRBs
(main channels:     and  
concentrate on down-going events

- time-correlated analysis: 
study the angular correlation with GRB direction
within a given time window
- time-independent analysis:  
global excess of the µ flux in a given direction
(more appropriate for steady sources)

corresponding
 µ flux at EarthPRELIM

IN
ARY



  

Neutrino triggers and follow-up: TAToO
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Fast online
reconstruction Trigger

alert

(Télescope à Action Rapide pour les Objets Transitoires)
2 robotic, 25 cm-diameter optical telescopes: Calern (France) & La Silla (Chile)

FOV: 1.86º x 1.86º
specialized  in prompt-phase observations in optical wavelengths

(fast repositioning in alert mode: < 10 s)

shore station

TAToO:

TAROT-ANTARES

Target of Opportunity
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TAROTANTARES



  

Neutrino triggers and follow-up: TAToO
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Fast online
reconstruction

(BBfit)

Rolling
Trigger

alert

5 to 10 ms/event

- minimum 6 storeys triggered on at least 2 lines
- quality cut on the χ2 minimisation of the muon 
track reconstruction (using t

hit
's and A

hit
's)

- dynamical positioning not included

shore station
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Select events
with N

lines
  3

ANTARES TAROT
FoV: 1.86° x 1.86°



  

Neutrino triggers and follow-up: TAToO
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2 strategies:

      (a) A neutrino doublet
Background estimation (ANTARES 12L):

t = 15 min
 x   

single 
atm 

: R
1atm

  1000 yr-1

doublet of 
atm 

: R
2atm 

0.005 yr-1
ANTARES TAROT

 (b) One high-energy neutrino

cut in energy to eliminate the atmospheric bkg:

reconstructed 
E≥ few TeV

  

only tracks with 
N

storeys
  20

Q
tot

  p.e.

}



  

Neutrino triggers and follow-up: TAToO
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Total latency:
alert sending < 1s

repositioning < 10s 

Trigger settings are tuned to send
1-2 alerts/month 

(mainly from the high-energy neutrino trigger)

TAROT observation strategy:

Real time (T
0
): 6 images of 3 minutes each

repeated on days T
0
+1,  T

0
+3, T

 
+9, T

0
+27 

Appropriate to follow the time profile of different transient sources: 
GRB afterglows (~minutes), core-collapse SNe (~days),...

ANTARES TAROT



  

Neutrino triggers and follow-up: TAToO
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TAToO Program is fully operational since February, 2009
➢ Tests have been performed to validate the acquisition chain
    (e.g. fake alert in the direction of the Virgo cluster)
➢ alerts are being issued at the rate of 1 to 2 per month
➢  Implementation of the offline optical image analysis is ongoing

 
One alert (out of 5) recorded by TAROT 

since the beginning of 2009



  

GW-HEN coincidences

Motivations: - plausible common sources (GRBs (core collapse into BH or 
                          coalescing neutron stars), SGRs (magnetars), microquasars...)

 - potential for discovery of hidden sources (e.g. failed GRBs)

The instruments: 

300 m4 & 2 km

VIRGO/LIGO/GEO now forming 
one single consortium

Michelson
interferometers
(mirrors suspended
to free masses)

4 & 2 km

600 m 3 km

4 km



  

GW-HEN coincidences
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LIGO/VIRGO

eLIGO/VIRGO+

Advanced LIGO/
Advanced VIRGO

VIRGO/LIGO detection horizon for 
standard binary sources: ~ 15 Mpc
(~1 binary merger/ 100 years...)

current upgrades:
sensitivity x 2 → probed volume x 8

Advanced detectors: 
sensitivity x 10 probed volume x 10→
(~ 1 Gpc3,~ 40 binary mergers/yr)

Started July 2009 !



  

GW-HEN coincidences
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Philosophy of the analysis:

Spatial coincidence ?
(overlap of likelihood skymaps)

size of the time window: 
    source/model dependant .

from preliminary studies:
false alarm rate ~ 1/500 years
for t ~ 1s

 GWHEN Workshop May 2009 at APC (Paris):    http://www.gwhen-2009.org
 MoU ANTARES/VIRGO/LIGO to be signed soon
 Analyses to be launched (microquasars, GRBs)
Discussion on the possibility of alert sending 

instantaneous sky coverage



  

Other multi-messenger studies
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 Correlations with AUGER events

Idea: compute an « inter-correlation » function 
between AUGER events and ANTARES events 

look for deviations from the
MC expectation under given
hypotheses on the UHECR
composition & propagation 

 Correlations with HESS sources

Idea: stack sources to benefit from 
the fact that the background 
fluctuations go as 1/Nstacked

stacking a sample of 23 HESS 
galactic sources
(including extended sources 
divided in sub-regions) 



  

Backup slides 

Véronique Van Elewyck
Laboratoire AstroParticule et Cosmologie (Paris)



  From February 2007 to May 2009
Credit: S. Escoffier



  

External triggers: ongoing GRB analyses
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Credit: D. Dornic



  

External triggers: ongoing GRB analyses
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Credit: D. Dornic



  

External triggers: ongoing GRB analyses
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Credit: D. Dornic



  

External triggers: ongoing GRB analyses
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External triggers: ongoing GRB analyses
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External triggers: ongoing GRB analyses
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Credit: D. Dornic
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Agenda

...another GWHEN workshop 



  

Stacking of HESS sources

 Véronique Van Elewyck                          MANTS Symposium, Berlin, September 2009 

Credit: 
F. Lucarelli



  

External triggers: ongoing GRB analyses
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Credit: D. Dornic



  

External triggers: ongoing GRB analyses
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Credit: D. Dornic
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Plausible GW-HEN sources
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External triggers and alerts

➢ GRB triggered searches: a mission dedicated to multi-messenger astronomy ?
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Failed and low-luminosity GRBs
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Failed and low-luminosity GRBs
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Low-energy neutrinos
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LIGO – Ice Cube coincidence analysis

Cf. Search method for coincident events from LIGO and IceCube detectors, 
        Y. Aso, Z. Marka, C. Finley, J. Dwyer, K. Kotake, S. Marka 
      Class.Quant.Grav.25:114039,2008; arXiv:0711.0107 [astro-ph]

2 ingredients:

spatial probability 
distribution functions 
(SPDF) or PSFs

Background
Likelihood
distributions

http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Aso, Yoichi"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Marka, Zsuzsa"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Finley, Chad"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Finley, Chad"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Dwyer, John"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Kotake, Kei"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Kotake, Kei"
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Marka, Szabolcs"
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External triggers and alerts

➢ GRB triggered searches:



  

 Véronique Van Elewyck  ANTARES Collaboration meeting, Genova, June 2008 

External triggers and alerts
From the GW point of view:

Alert sending: current latency for non-triggered searches ~ 30 min
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Perspectives:
  
➢ New optical instruments coming online soon: ROTSEMapper, Sky 

➢ Also consider ToO with X-ray (meilleure precision sur T0 Sne, 
➢+ grande profondeur de champ), radio telescopes (? utilité ?) ? 

SkyMapper

 (5.7 deg2, Southern sky 
survey with opportunities 
for ToO, 2009-2014)

➢HEN   GW alerts: to be implemented 
(no real need for short latency as the whole GW data streams are registered)

➢  GW HEN alerts: current GW latency (~30 min) is an obstacle for ANTARES
➢ improve latency from the GW side (down to ~10 min...)
➢ enlarge ANTARES raw data buffer (hour ?)   
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