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TAToO
● Optical follow-up: search for an optical counterpart
● Transient sources: GRBs, SNe...



  

Triggers
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● Directional: 
1 neutrino in the direction (< 0.4°) of a local galaxy (< 20 Mpc)
12 per year

● High energy: 
1 neutrino with E > 5-10 TeV
12 per year

● Doublet: 
Two neutrinos in a 3° angle and in a time window of 15 minutes
0.04 per year



  

TAToO
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● Online processing: 
- Online reconstruction + trigger: ~ 3-5 s
- Alert sending: ~ 1-10 s depending on the telescope response
- Telescope slewing: ~ 1-5 s

Minimum delay between the neutrino and the first image: ~ 20 s

● Angular performances: 

Trigger Angular 
resolution

Fraction events 
in fov

Mean 
energy

HE 0.25-0.3° 96% (GRB)
68% (SN) ~ 7 TeV

Directional 0.3-0.4° 90% (GRB)
50% (SN) ~ 1 TeV



  

Optical follow-up strategy
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Telescopes
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TAROT

ROTSE

ZADKO



  

Telescopes
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TAROT

ROTSE

ZADKO

TAROT Calern

● Two 25 cm telescopes

● Fov 1.86°x1.86°

● Slewing time ~ 10s



  

Telescopes
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TAROT

ROTSE

ZADKO

Zadko

● One-metre telescope

● Fov 23 x 23 arcmin

● Max. Slew speed 3°/s
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Telescopes
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TAROT

ROTSE

ZADKO

SWIFT
● X-ray follow-up

● Fov 23.6 x 23.6 arcmin

● 0.3-10 keV energy range



  

Alerts
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Since 2009: 
● 140 alerts sent: 

● 6 fake
● 95 “High Energy”
● 39 “Directional"



  

Image analysis



  

Prompt analysis

Aurore Mathieu            Workshop OCEVU, 20/01/15                    10

● High variability on the minute/hour timescale

● Images < 24h

Optical counterpart search: 

● Analysis image by image: no co-addition

● Two criteria to select a candidate: 
1) New source
2) Magnitude variation between IM and REF (0.5)

● Light curves with at least two points



  

Prompt analysis
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Year Good alerts Prompt alerts

2009 3 0

2010 9 4

2011 24 (+5 refined) 10 (+ 1 refined)

2012 19 10

2013 22 6

2014 23 10

Total 105 41



  

Prompt analysis
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Alert Delay Mlim (5σ)

ANT100123A T: 17h47m 15.5

ANT100725A T: 1m17s
R: 1m15s

16.4
13.4

ANT100913A T: 11h24m 17.6

ANT100922A R: 1h08m 14.0

ANT110305A R: 4h19m 15.8

ANT110409A T: 1m08s 18.2

ANT110531A T: 12h34m 17.7

ANT110923A T: 9h58m 16.7

ANT110925B T: 2h01m
R: 50m58s

17.0
15.7

ANT111008A T: 12h53m 16.8

ANT111019A R: 18h22m 16.8

Refined R: 19h09m 16.9

ANT111101A R: 13h33m 17.3

ANT111205A T: 10h05m 18.6

ANT111228A T: 7h44m
R: 7h53m

17.1
16.7

ANT120102A T: 1m17s 17.1

ANT120105A R: 17h39m 16.4

ANT120730A T: 20s 17.3

ANT120907A T: 9m53s 16.1

ANT120907B T: 18h15m
R: 8h28m

17.4
16.1

ANT120923A T: 15h43m 18.1

ANT121010A T: 25s 18.6

ANT121012A T: 19h06m 17.2

ANT121027A R: 14h56m 16.0

ANT121206A R: 27s 16.7

ANT130210A R: 14h46m 16.6

ANT130724A T: 18h04m 16.0

ANT130928A R: 13h49m 16.0

ANT131027A R: 18h14m 15.7

ANT131209A T: 1h14m 16.4

ANT131221A T: 18s 17.3

ANT140123A T: 13h21m 17.5

ANT140125A T: 1h14m 18.1

ANT140203A R: 19h43m 15.0

ANT140223A T: 17h08m
R: 31m29s

16.0
14.3

ANT140304A T: 25s 18.1

ANT140309A T: 24s 17.2

ANT140323A R: 14h47m 16.4

ANT140408A T: 16h11m
R: 19h07m

16.8
16.1

ANT140505A R: 17h11m 14.8

ANT140914A T: 1m05s 17.4



  

Results
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→ 41 prompt alerts analyzed

→ No transient optical counterpart associated to a neutrino detection

→ Derive upper limits on transient sources magnitude



  

ANT120923A 6.6e-1 18.0 0.1

ANT121010A 2.9e-4 18.6 0.0

ANT121012A 8.0e-1 16.5 0.7

ANT121027A 6.2e-1 13.4 2.6

ANT121206A 3.1e-4 15.6 1.1

ANT130210A 6.2e-1 16.5 0.1

ANT130724A 7.5e-1 15.9 0.1

ANT130928A 5.8e-1 15.9 0.1

ANT131027A 7.6e-1 15.0 0.7

ANT131209A 5.1e-2 16.3 0.1

ANT131221A 2.1e-4 16.8 0.5

ANT140123A 5.6e-1 16.2 1.3

ANT140125A 5.2e-2 18.1 0.0

ANT140203A 8.2e-1 14.9 0.1

ANT140223A 7.1e-1
2.2e-2

15.9
14.2

0.1

ANT140304A 2.9e-4 17.5 0.6

ANT140309A 2.8e-4 17.1 0.1

ANT140323A 6.2e-1 16.2 0.2

ANT140408A 6.8e-1
8.0e-1

16.7
16.0

0.1

ANT140505A 7.2e-1 14.7 0.1

ANT140914A 7.5e-4 16.9 0.5

Results
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Alert Delay (d) U.L. Mag corr. Av (mag)

ANT100123A 7.4e-1 15.3 0.2

ANT100725A 8.9e-4
8.7e-4

16.1
13.1

0.3

ANT100913A 4.8e-1 17.6 0.0

ANT100922A 4.7e-2 13.6 0.5

ANT110305A 1.8e-1 15.7 0.1

ANT110409A 7.9e-4 12.6 5.6

ANT110531A 5.2e-1 17.6 0.1

ANT110923A 4.2e-1 12.8 3.9

ANT110925B 8.4e-2
3.5e-2

15.2
13.9

1.8

ANT111008A 5.4e-1 14.3 2.5

ANT111019A 7.7e-1 16.7 0.1

Refined 8.0e-1 16.9 0.1

ANT111101A 5.7e-1 17.2 0.1

ANT111205A 4.2e-1 18.2 0.4

ANT111228A 3.2e-1
3.3e-1

17.0
16.6

0.1

ANT120102A 8.9e-4 17.0 0.1

ANT120105A 7.4e-1 16.0 0.4

ANT120730A 2.3e-4 16.9 0.4

ANT120907A 6.8e-3 15.9 0.2

ANT120907B 7.6e-1
3.5e-1

17.2
15.9

0.2



  

GRB case
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→ Comparison with optical 
afterglow light curves

Grey: 158 optical afterglow light curves 
detected from 1997 to 2014

PRELIMINARY



  

GRB case
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~95%

~70%
~3%~35%

~20s

~1m

~10m
~1h

Several 
hours

→ Comparison with optical 
afterglow light curves

First points: GRB excluded

Last points: no constraint

Grey: 158 optical afterglow light curves 
detected from 1997 to 2014

PRELIMINARY



  

X-ray follow-up with SWIFT



  

X-ray follow-up
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→ Complementary informations to optical signals
→ Fast response: increase sensitivity to fast transient sources (GRBs)

Strategy:
MoU 6 with alerts/yr
Only HE triggers with higher energy selection
2x2 tiles with 2ks exposure each

⇒ Sensitivity: 2.10-13 erg.cm-2.s-1

⇒ 4 tiles cover 48 arcmin fov

Observation strategy:
      1) Automatic response to ToO (priority 1) → online analysis
      2) Follow-up only if an interesting candidate is found (priority 2)

Image processing: Phil Evans (Leicester University)

Operational 
since June 2013



  

X-ray follow-up
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⇒ 6 alerts sent to the XRT
After a delay of: 23s / 25s / 18s / 18s / 24s / 1h56
First observation after: 1h08 / 6h30 / 6h43 / 5h07 / 5h36 / 3h32

⇒ 18 X-ray sources detected: 
● 2 already catalogued
● 16 uncatalogued 

None can be identified as the 
counterpart to the trigger!



  

X-ray follow-up
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XRT LC 2008-2013 (503 GRBs)

PRELIMINARY

TAToO limitsTAToO limits

→ 6 alerts sent to Swift

→ No X-ray counterpart 
associated to our neutrino 

alerts

→ Upper limits on transient 
sources magnitude

→ Comparison with 
afterglow light curves 
detected by Swift/XRT



  

Summary
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➔ TAToO can enhance the sensitivity of ANTARES to transient sources

➔ Prompt images analysis done → no optical counterpart found

➔ X-ray follow-up with SWIFT operational → no X-ray counterpart found

➔ Follow-up images analysis in progress to search for transient sources with variations 
at days/weeks timescale (core-collapse supernovae)



  

Backup
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Image analysis

Co-addition : 
SWarp : resampling and co-adding images

Subtraction :
Reference selection
Pixel by pixel

Astrometry / photometry : 
SExtractor : catalogue of extracted sources
SCAMP : astrometric calibration
Le PHARE : photometric calibration

Image correction : 
Bias, dark subtraction
Flat-fielding
Fringe correction

Residuals inspection :
Visual scan
Comparison with catalogues
Light curve scan

Telescope site {
{
{
{
{

Telescope site
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HE trigger Swift/XRT 
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Identify the counterpart
If an uncatalogued X-ray source is found, 2 questions are asked to identify the afterglow:

1) Is the source “bright”?
If the source is more than 1-σ above the RASS 3-σ upper limit and yet not detected 
by Rosat, it is assumed to be a new source and therefore potentially the counterpart.

2) Is the source fading?
If the last bin in the source light curve is at least 3-σ below the first bin, the source 
is considered to be fading, and thus is probably the counterpart.
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