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Welcome to O3!

We are here
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Why the Advanced detectors?

Significant upgrades to increase sensivitity by 10x
Wrt “previous generation” LIGO and Virgo (2010s’)

This means 10x distance reach 
→ 103x larger volume

 → 103 number of events

Extremely tiny signals
Arm deformation  ~10-18 m



The first GW catalog of transients

GWTC-1
Abbott et al 2019, arXiv:1811.12907



GW open data on the web

Hosted at the Gravitational Wave Open Science Center (GWOSC)
https://www.gw-openscience.org/



Released data

GWOSC provides two main types of data

GW related to events (e.g. Binary Black Holes, etc)
 About 1-hour window centered on the event(s)
 Released with the publication of the event(s)
 GW Strain data, size ~Gb

GW “bulk” data
 Bulk datasets of each observing run (size ~Tb)
 Releases after 18 months from the end of the run
 Data blocks of 6 months, released every 6 months
 First chunck of O3 will come in April 2021

Supporting documentation and tools
 Help the external community in using data
 Lots of tutorials
 Materials from periodic Open Data Workshops (Last one this April in 

Paris)



GW data products
Releases include GW strain, data quality and injections

 Timeseries
 Various formats, including standard “frame” files (GWF) and HDF5

Available Releases

LIGO 
 S5 (2005 - 2007) 
 S6 (2009 – 2010)

Advanced LIGO
 O1 (2015 – 2016)
 O2 (2016 – 2017)

Advanced Virgo
 O2 (2016 – 2017)

GW strain

h(t) ~ DL/L



Timelines
Information on data availability over time



Timelines – example from O2



Strain data – Catalogs
Previously, each event published separately, now included in catalogs

 https://www.gw-openscience.org/catalog/ 
GWTC-1

 Released in Dec 2018 (arXiv:1811.12907)
 11 confident detections + 14 marginal triggers
 Strain data + skymaps, etc...



Strain data – Catalogs



Strain data – Single events

each file:
 Metadata
 GW strain
 Data quality (1 Hz rate) 



Bulk data

Available in 2 ways

CernVM FS
i.e. mount a 
network disk on your PC

Search archive



Detector status





GWOSC-based projects

Gravitational Wave
Events

Iphone only



LIGO-Virgo alerts



LIGO-Virgo alerts



M. Razzano 2006/12/2016 

Hands-on: GW emission

Recap on the GW strain
In the far zone (i.e. far from the source), we can connect the GWs 
generated from the source, with the mass distribution of the source

In particular, under condition of slow motion and weak field,
when we have a non-vanishing quadrupole momentum of the mass 
distribution, we have GW emission

G/c4 ~ 1049 s2g-2cm-1
1/r 
dependence



Expected sources detectable by LIGO/Virgo

Ott, C. 2009

LIGO 
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Coalescence of compact binary systems (NSs and/or BHs)
Known waveforms (template banks)
E

gw
~10-2 Mc2

Core-collapse of massive stars
Uncertain waveforms
E

gw
~10-8 – 10-4 Mc2

Rotating neutron stars
Quadrupole emission from star's asymmetry
Continuous and Periodic

Stochastic background
Superposition of many signals (mergers, cosmological, etc)
Low frequency
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Introdution to the hands-on

Even for very strong GW sources, and for very sensitive detector, 

→ the signal is very very weak  ( dL/L ~ 10-21 )

GW data analysis aims at 

extracting the signal from a large noise (i.e. detection)
estimating source parameters (i.e. characterization)



*

Signals buried in noise

GW151226



*

Random processes

Sequence of random variables
Instrumental noise is an example of random process timeseries x(t)

If we know the probability density function p(x), we can evaluate the expectation value:

If the statistical properties of the signal do not change, we say it is stationary, and

Statistical ensemble average 
= 

Long time average
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Power Spectrum

We can evaluate the average of x2(t)

Windowed signal

Parseval’s Theorem

x(t) is real → symmetry:

Power Spectral Density (PSD)
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Power Spectrum

The definition of S(f) becomes:

The amplitude spectral density (ASD) is the sqrt of PSD
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The gwpy Package

Gwpy is a public, Python-based package to access and manipulate GW data
It can be accessed from the Virtual Machine



*

The gwpy Package

Strain data
h(t)
4KHz 

Data Quality Segments

1 Hz 



Building the ASD



Filtering the signal
With gwpy it is possible to bandpass the signal, to remove the dominant noise 
frequencies (e.g. the lower ones), or remove specific lines (e.g. “notching”)

We can zoom more...
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pyCBC

www.pycbc.org
Software suite for signal detection 
(template matching)

http://www.pycbc.org/


*

Matched filter 

Recap fro Giovanni’s talk: The likelihood ratio is

(s,h) Only dependence from data

Likelihood depends monotonically on (s,h), therefore we call it optimal statistic 

Also called this matched filter 
(a noise-weighted correlation of anticipated signal with data)

If likelihood depends on parameters, we can find the set that maximize it 
(parameter estimation) 



Structure of the hands-on

The exercise will be divided in some parts

Get the GW data, read and manipulate it
Explore data in the time domain
Explore data in the frequency domain and build the ASD
Find the signal using the matched filter 
Next step would be the parameter estimation, but we won’t have too much 

time



Structure of the hands-on

A sketch of the exercise can be found at:

https://github.com/maxrazzano/gw-sexten2019

No git on the VM, so you should Download a ZIP of the repository (push the 
“Clone or download” button)

1)Then download and unzip the file
2)Go to the gw-sexten2019 directory
3)Source the setup script: source setup_gw_handson.sh
4)Launch the jupyter notebook and open the file in the notebooks directory
5)Follow the instructions, and then practice on another event (e.g. 

GW151226), using data from GWOSC

Enjoy!

https://github.com/maxrazzano/gw-sexten2019
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