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LVC GW-EM follow-up program 

              
 
 

63 teams of astronomers were ready 
to observe during O1. 

73% 

11% 

8% 
8% 

UV/OPTICAL/IR  

RADIO  

X-RAY  

GAMMA-RAY  

160 instruments covering the full 
spectrum  from radio to very 
high-energy gamma-rays. 
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After four GW events have been published, further event candidates  with high 
confidence will be shared immediately with the entire  astronomy community, while 
lower-significance candidates will continue to be shared promptly only with partners 
who have signed an MoU. 
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The Birth of the Gravitational 
Wave Astronomy 
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Tools: Astropy, Healpy, PyGCN, GWsky , mocpy 

Singer+ 2014 (arXiv:1404.5623) 
Berry+ 2015 (arXiv:1411.6934) 
Essick+ 2015 (arXiv:1409.2435) 
LVC+ 2016 (arXiv:1304.0670) 

This wiki supports efforts by astronomers to follow up and search for electromagnetic 
counterparts to gravitational wave event candidates identified by LIGO and Virgo. 



LVC GCN 
Notice/Circulars 

 

 

 

 

 
Gamma-ray Coordinates Network/Transient 

Astronomy Network (GCN/TAN) 

A. Restricted to the MOU 
astronomer partners 
until the publication of 
the event. 

 

 

B. LVC GCN notices do not 
contain a position (RA, 
Dec, error radius) 
instead they point to an 
URL to a FITS  file 
containing a probability 
sky map in the HEALPix 
all-sky projection. 

 

 

 

The LIGO-Virgo data are analyzed in real time to 
search for GW transients  (see next slide). 
 
For each detection candidate, a series of alerts are 
produced and distributed (machine-readable GCN 
Notice). 
 
EM-followUP parterns communicate the results of 
observations via short bullettins and GCN Circulars. 

6 



O1 low-latency pipelines configuration 
 

o cWB: Coherent WaveBurst 

 un-modeled GW bursts 

 

o oLIB: Omicron + LALInference 

 un-modeled GW bursts 

 

o GSTLAL:  Gstreamer + LAL 

NS binary mergers  

 

o MBTA: Multi-Band Template Analysis 

NS binary mergers 

 

Low- latency 

pipelines 

cWB 

oLIB 

GSTLAL  

MBTA 

All four detection pipelines report candidates within a few minutes of data acquisition. 
 
They continually search for transients that are coincident in the two detectors  within 10 
ms. 

Klimenko et al. 2016,  Phys. Rev. D 93, 042004 

Lynch et al. 2015, LIGO-P150022 

Cannon et al. 2012, ApJ, 748, 136 

Adams et al. 2015, arXiv:1512.02864 
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On 2015 September 14 at 09:50:45  
 

cWB/oLIB 
GSTLA/MBTA 

Alert of GW 150914 
 

Ruling out a BNS  
    or NSBH merger 

Candidate No Candidate 
S/N = 23.45 

 
FAR < 0.371 yr-1 

LIGO Calibration was complete by September 12 and O1 was scheduled to begin 
on September 18. 

The data were re-analyzed offline with two independent matched-filter searches using a  
template bank which includes both NS binary and BBH merges. The waveform was 
confirmed to be consistent with a BBH merger and this information was shared with 
observers about 3 weeks after the event (GCN 18388). 
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LVC GCN notices 
 

Preliminary 

[3 – 5 min] 

Initial 

[5 – 10 min] 

Update 

[Hours/days] 

GW Alerts and Elapsed time 
GraceDB produces one VOEvent format 
and  makes it directly available through 
the GraceDB web page for the event, and 
also through a certain query syntax.  
 
GCN/TAN receives that format  from 
GraceDB but translates it into a different 
format which follows  the GCN/TAN 
schema. 

Human Event 
validation 
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As agreed in MoU within 12 
hours the observations  

 must be reported in 
GraCEDb using a GUI (EMBB) 

or ligo-gracedb python 
package.  
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 The EM-followUP 
tutorial focus on 

VOEvent which is among 
the more convient 

methods for 
autonomous operations .                         
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Sky Map Coverage 

From Abbott et al. 2016, arXiv:1602.08492 

Follow-up observations are reported by 25 
teams via private GCN Circulars. 
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very extensive sky coverage! 



Sky Maps of GW 150914 

• Initially shared 

• Area  = 310 deg2 (90% conf.) cWB 

• Initially shared 

• Area  = 750 deg2 (90% conf.) LIB 

• 2016 Jan. 13 

• Area  = 400 deg2 (90% conf.) BAYESTAR 

• 2016 Jan. 13 

• Area  =  590 deg2 (90% conf.) LALInference 

The probability skymap are disseminated using a sequence of 
algorithms with increasing accuracy and computational cost. 

minimal assumptions of  
waveform morphology 

Bayesian inference assuming 
sinusoidally modulated Gaussian 

signal  

triangulating times, amplitudes 
 and phases 

CBC waveform, BH spin  and 
detector calibration uncertainties 
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MOC representation of sky areas 
enclosed into iso-contour lines 

Virgo Week 15 

The enclosed area within a given probability level of a GW sky map can be 
effectively described through the Multi-Order Coverage (MOC) method. 

02/05/2016 

MOC_area_prob( infile, percentage, order, output ) based on MOCpy module 

Zoom 
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The MOCs of all VizieR tables and 

CDS pixel surveys (16.000 MOCs) 

are already available on line, and 

can be queried simultaneously  in 

few ms. 
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GWsky: tiling the skymap in FoV 

      GWsky is an interactive Python script to generate a sequence of 

pointings given a specific Field of View 

 

 
Cardinal and 
Intercardinal 

direction 

Integrated 
probability inside 

each FoV 

airmass in step of 
hour for each FoV 

FoV query to 
catalogs 

USER OPTION: the FoVs can be overlaid or separated from their default positions 
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VST Observation of GW 150914 



GWsky Command Line 

C runs  a new sequence changing the FoV center   

I runs a new sequence without drawing the input 
FoV 

L runs  a new sequence starting from the last 
drawn FoV 

R repeats the last action 

Q quit  

Aladin 

SAMP 

Python 
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Descriptive statistic is plotted for each FoV 
This can be useful to determine the integration time of each image  

or to avoid bright galaxies or stars 

 

FoV query to catalog: an example 
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Conclusion & Future Perspectives 

 
  GW: new way to observe the Universe 

  VO can help shaping multimessenger astronomy with GW 

  Need to bring different types of data/observation together 

  Establish connection between GW observations and existing 

data bases (galaxy catalogs, variable stars) 

. 
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