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A New Window to the Universe
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Science with the current and future 
generation ground-based GW detectors



GW Analysis Tutorials
www.gw-openscience.org

Learn how to: 

• Read LIGO/Virgo 
data

• Plots with Python

• PSDs, FFTs, and 
more
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Virgo Data
• Discretely sampled time-series data

• h(t) – calibrated strain 
• ALSO: hundreds of “auxiliary” channels

• h(t) recorded at 20 kHz sample rate

• ~100 MB per hour

• Stored in .gwf “frame” files
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Characterization of Random Noise

INFN  school, Otranto, 29/05/2019 5



INFN  school, Otranto, 29/05/2019 6

Possible Properties of Noise



Fourier Transform represents 
data in the frequency domain
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Efficient way to calculate complete discrete Fourier Transform: 
Fast Fourier Transform (FFT)



Power Spectral Density
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Estimating the PSD
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Cross correlation 
Slide template against data
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Burst searches look for 
excess power
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“Transform” to a time-frequency basis:

Cross-correlate data with wavelets to get energy in 
each time-frequency pixel

Similar to how Fourier Transform cross correlates 
against sine waves to get energy in each frequency bin



Continuous Wave sources from 
spinning neutron stars
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One can expect GW 
signals from isolated 
NSs as well as from 
NSs in binaries with 
or without accretion.



Continuous Wave signals
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CW – Wide parameter space
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Qualitative Comparison
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Singhal, 2019



Citizen Science
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Upper Limits
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https://arxiv.org/abs/1902.08442

Spin-down limits assume that all 
of the observed df/dt is due to 
emission of GWs.



Stochastic Signals
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Use cross-correlation to find 
stochastic signals
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CBC: Compact Binary Coalescence
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Matched Filtering in the 
frequency domain
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Correlate in the frequency domain

“Phase factor” represents the time offsets



Optimal Matched Filtering
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Putting the noise PSD in the denominator “down weights” places 
where the noise is high



CBC Template Banks
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CBC Template Banks 
in “Mass Space”
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Best match with 
GW150914



GW150914
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The Signal Waveform
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A Chirp
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Noise Background
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Posterior Distributions
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C Berry



GW170817
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Spectrogram
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Spectrograms of 
GW170817 in the three 
detectors.

h+ hx



Posterior distribution of 
component masses
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Marginal distribution 
of m1

Marginal distribution 
of m2

Two dimensional 
posterior



Tidal Deformability
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Cross-correlations are used in 
all types of searches

• CBC searches cross-correlate data against a 
template bank of merging NS-NS or BH-BH

• Burst searches cross-correlate against wavelets to 
transform to time-frequency space

• Continuous Wave searches cross-correlate against 
sine-waves with doppler shifts

• Stochastic searches cross-correlate data from 2 
detectors

INFN  school, Otranto, 29/05/2019 34



GWTC-1
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Source Localization
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Multi-Messenger Campaigns
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GW150914



The Birth of a New Field in 
Science
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The largest scientific 
observation campaign 
in human history.

GW170817



Observation Bands
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The Big Bang Observer
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BBO is formed by 4 LISA-type 
configurations for GW observations 
at 10mHz – 10Hz. 

Distribution of detectors around Sun 
makes sure that all compact binaries 
can be detected with high SNR.

A pair of collocated detectors is used 
for the final stochastic GW search.

The waveforms of all detected 
binaries need to be subtracted from 
the data streams.


