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Optical follow-up of GRB alerts

In the Swift area and beyond

Présented by Alain KLOTZ (IRAP)
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Context of astronomical GRB alerts
Gamma Ray Burts multi wavelength phenomenology
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Context of astronomical GRB alerts
Optical telescopes
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Context of astronomical GRB alerts
TAROT telescopes

Telescopes are 25cm aperture F/D=3.3 (= small aperture)
Cameéras are Andor: Field of view 2°x2° sampling 3.3 arcsec/pixel
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Chili 2006 (62 alerts) Calern 1998 (108 alerts)

16 papers in refeered journals
173 GCN circulars



Context of astronomical GRB alerts
TAROT telescopes and their competitors

Name

MASTER :
MITSuME :
ROTSE :
TAROT :
PROMPT
TNT :

REM :

262

229

224

173

115

109 :

101

List of observatories with telescopes D < 1 meter
that published more than 100 GCN circulars

: nb GCNC :

Diam(cm) : nb telescopes (PI country)

40.
50.
45.
25.
41.
80.
60.

O 0000 O0O0o

P RAEDNA WL

telescopes
telescopes
telescopes
telescopes
telescopes

(Russia)
(Japan)
(USA)
(France)
(USA)

telescope (China)
telescope (Italy)

All are small aperture, fast pointing, autonomous, robotic telescopes

Fast pointing means first image taken less than 1 min after the trigger

Small aperture limits the detectivity hence only photometry during the night of the trigger.

> 100 GCN circulars means great technical reliability of these observatories



Fraction of observable events during prompt phase

Context of astronomical GRB alerts

Efficiency of early observation for one optical telescope
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Theoretically :

The GRB is upper than an elevation of 10° : 1/2*(1-sin(elevation)) = 0.41
The sun is lower than an elevation of -10° : 1/2*(1+sin(elevation)) = 0.41
The total efficiency is 0.41*0.41 = 0.17 = 17% (visible GRBs during prompt)

Real : Swift and the geographic latitude dependancy

Swift 916 GRBs (2004-2014)

916 Swift GRBs

2 TAROTs
99 early observations
Efficiency ~ 6 % / telescope

(instead of ~18%)

_______________________________________________ ___________________________________________________ ________________________________________________________________________________________________________________ 4 Tech problems
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Context of astronomical GRB alerts
Statistics from optical telescopes

TAROT (25 cm, <1 minute)

149 GRBs observed

32% optical emissions seen.

21% GRB observed during prompt emission,
% optical transient seen during prompt emission.

Zadko (100 cm, >2 minutes)

31 GRBs observed

39% optical emissions seen.

0% GRB observed during prompt emission,
0% optical transient seen during prompt emission.



Context of astronomical GRB alerts
Main results of TAROT telescopes

Prompt trail technique (7 GRBSs) First hours photometric follow-up (22 GRBs)
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Multi wavelength analysis of GRBs
Gamma Ray Burts & fireball theory

Optical + X ray + gamma
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Multi wavelength analysis of GRBs

Gamma Ray Burts - Importance of the early observations

Optical + X ray + gamma 1.0 second

light curves & spectra o
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Optical light curves - 2000-2010 apparent light curves

Adapted from Kann et al. (2010) ApdJ 720, 1513

Only 40%
of Swift afterglows
are detected

in optical

10

In this area —

60%
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in optical.
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Optical light curves - The optical frontier

Analogy with the American frontier in the XIXth century
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Optical light curves - Check the telescope detectivity

Small aperture
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Large aperture
telescopes
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Optical light curves - Check the telescope detectivity

Small aperture
telescopes

Large aperture
telescopes
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Optical light curves - Active observatories
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Optical light curves - Science to explore
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Optical light curves — SVOM Follow-up projects

OCEVU Flash Telescope Exploring down the frontier
One large aperture telescope: 1m20 10 min
Efficiency 30% due to SVOM orbit " o o
Fast response ~30s after the trigger g9 3 Y |.§
Fast pointing (<30 s) =8 |e E I =
Covering the Field of View of SVOM %
1 visible camera MASTER |
1 near infrared camera MITSuUME
ROTSE |
Detection of near infrared emission 151 TAROT . .
o tCosmotlogy’:_( 7I< z= 19 ) g PROMPT GROND
aint prompt optical emissions 5

Dark afterglows and SGRBs > | QEI;"\ Fa:él;es s\rl:;}-n
Transition prompt->afterglow 5 R Tautenburg

High ener hysics 2
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LCOGT Telescope network | o | Gemini
--------- Keck Zadko 1 m
5 to 7 medium aperture telescope: 1m | - Magellan -cocTtm
Efficiency >90% due to the network : N e GFT1.2m
Fast response ~30s after the trigger
Slow pointing (~60 s) 25l A |'2 T
Covering the Field of View of SVOM " " t (days afte:gurst in the observer fram1ec)) °
1 visible camera
1 near infrared camera
SVOM will be launched in 2021

Identification of all afterglows

Allowing redshift for all GRBs Possibiliy to observe GW and neutrino alerts 17

First day photometry
Afterglow detailed light curves



Optical light curves — SVOM Follow-up projects

e Operational sites

e Under construction
¢ Under negotiations
¢ Undecided site
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