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Gravitational Waves
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Gravitational wave observatories
LSC : ~1400+ members
     ~127 institutions
     from ~19 countries

Virgo : ~800+ membres
        129 institution
        from 16 countries
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KAGRA : ~400+ membres
        110 institution
        from 15 countries



Michelson interferometer :
a “sensor” of gravitational waves
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● “Horizon” distance:
○ Distance at which a particular standard source emitted a signal which can be detected with a 

Signal-to-Noise Ratio (SNR)=8
○  Standard source = binary Neutron Star (BNS) coalescence with 1.4 M

☉
 for each component

Horizon distance

Improving the sensitivity (or horizon)
by a factor 10

Increase the volume (or event rate) 
by 1000
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Range distance

● The “Range” is the horizon averaged over the antenna factor: R=H/2.264

6



Past and future science runs
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CBC Analysis : The Matched Filtering

● In time domain:

● In Frequency domain 
○ Fourier transform
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noise GW signal

data stream



CBC Analysis: Power Spectral Density

● The PSD is the autocorrelation
 of the noise Sn(f):

● The Amplitude Spectral Density
(ASD) is           and PSD=ASD2
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CBC Analysis: Filters

Optimal filter is : 
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CBC Analysis: Filtering

● The filtered stream of data is :

● The filtered noise is :

● Similar to a scalar product :

The bigger S is, the more the stream fits to the filter
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CBC Analysis: Signal-to-Noise Ratio

● Let build a Signal-to-Noise Ratio (SNR) :

●  With the filtered noise standard deviation :

● SNR = 8 means signal times greater than the gaussian noise std
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● With an optimal filter such that :

● The SNR is 
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CBC Analysis: Signal-to-Noise Ratio

SNR threshold at 5 (or 4.8)



CBC Analysis: Combined SNR
● For multiple detector triggers:
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Time of Flight limits for coincidences:
● HL: 15ms
● HV: 35ms
● LV: 35ms



CBC Analysis: Localization
● Triangularization from SNR peaks:
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First BNS : GW170817
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First and only multi-messenger detection
Observed on August the 17th, 2017

Binary Neutron Star
Localized in NGC4993



Neutron Stars internal structure
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Neutron Stars internal structure
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Hubble Constant Measurements
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Contribution des BBH
à la mesure de H0

Méthode d’association :
● Evt associé à sa galaxie hôte 

probable (catalogue GLADE+)
●  Marginalise sur les redshifts des 

hôtes potentiels de chaque évt.



Rate of events
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End of the second part
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Weber bars and Mass-resonant detectors

● Weber bars:
○ University of Maryland;

● ALLEGRO:
○ Louisiana State University;
○ 4.2K;

● NIOBE:
○ Western Australia;
○ 2-5K;

● AURIGA:
○ Italy;
○ 0.1K;
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● Explorer:
○ CERN;
○ 2-5K;

● NAUTILUS:
○ INFN;
○ 1.5K;

● GRAIL:
○ Leiden University;
○ 20mK;



Pulsar Timing Array

● International Pulsar Timing Array:
○ NANOGrav ;
○ European Pulsar Timing Array;
○ Chinese Pulsar Timing Array;
○ Parkes Pulsar Timing Array;

● Sources :
○ Stochastic background;
○ Supermassive binaries;

● Evidence for gravitational wave 
background (3 to 4.6 𝜎);
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Space-based interferometer: LISA

● Frequency bandwidth : 0.1mHz - 1Hz;
● 2.5 millions of km;
● Lagrange point L3;
● Launched 2035 (?);
● Sources: 

○ Massive binaries;
○ Resolvable galactic binaries;
○ Extreme Mass Ratio Inspirals;
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