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Subject / activities 

 

Summary of the work required:  

Since 2016 and the first detection of gravitational waves announcement by the Virgo and LIGO 

collaborations, many other detections produced by compact objects coalescences were made. Most of 

them come from the coalescence of two black holes but at least one, detected in august 2017, was 

produced by two coalescing neutron stars. It gave rise to the joint observation of a gamma-ray burst 

(GRB) and several observations in the electromagnetic domain, which led to the identification of the 

phenomenon as a kilonova (or macronova). The third observation period of the LIGO-Virgo detectors 

("run" O3) started in April 2019 and should end in May 2020. This period is marked by weekly detections 

of black hole coalescences and by some coalescence candidates including at least a neutron star, which 

could emit electromagnetic radiation. 

In parallel to the coalescence signals, the Virgo and LIGO collaborations search for, among other things, 

stochastic signals coming from the superposition of all the gravitational waves produced by individually 

undetectable sources. This search has not been successful yet. One way to improve the stochastic search 

algorithms would be to combine the information present in the many binary coalescence signals which 

amplitude does not exceed the detection threshold to inform those algorithms. 

The internship goal is to determine whether the selection of some data segments enriched with 

coalescence signals improves the perspective of gravitational wave stochastic signal detection. 

 

Title:  

Stochastic search in data enriched in coalescing binary triggers from the Virgo and LIGO gravitational 

wave detectors 

http://lapp.in2p3.fr/
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Optional information on a possible PhD subject:  

The proposed internship work may be extended by a thesis. Starting from May 2020, the LIGO and Virgo 

detectors will stop for upgrades before starting a new observation period ("run" O4) with a better 

sensitivity at the end of 2021, together with the Japanese detector Kagra. With better sensitivity comes 

an increase of the number of detected sources, as well as the signal-to-noise ratio of the signals. 

One will be able to improve the detection perspective of the gravitational waves stochastic signals and 

test the produced algorithms on the O3 and O4 run data. 

Another more technical aspect will be proposed in parallel. For data acquisition, an important work on 

the calibration of the detector must be carried out in order to reconstruct the amplitude of the 

gravitational waves from the different signals measured in the interferometer. With more and more 

detections to come, the control of the detector calibration precision and the accuracy of the 

reconstruction of the gravitational wave signals will have to be improved. A work on the improvement of 

one of the calibration tools will complete the thesis. 

The LAPP Virgo group is a major actor in the construction, operation and calibration of the Virgo detector, 

and in data analysis of the LIGO-Virgo network. It has been coordinating the calibration activities since 

the construction of Virgo and, since 2010, the group has been involved in the low latency alert program 

for binary coalescing systems. This search, on the LIGO and Virgo data, uses the MBTA analysis software 

developed at LAPP. Since last year, the group is also involved in the improvement of the stochastic 

analysis programs. 
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