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Introduction: Stochastic gravitational-wave backgrounds

 Astrophysical: incoherent superposition of unresolved sources


 Individual sources too faint


 Individual sources overlap in time (confusion noise)
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 Cosmological: intrinsically stochastic signal


 Inflation


 First order phase transitions


 Cosmic strings

[Image:A. Stuver/LIGO]



Introduction: Stochastic gravitational-wave backgrounds
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 If the background is stationary and Gaussian: fully specified by second moment 

(here assuming isotropy)

[Abbott+2016]

 Relation with energy density:



Detection methods

GW signal h much fainter than noise


Cross-correlating outputs from two detectors and hoping noise is uncorrelated 

with the signal and between detectors
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< s1s2 > = < h1h2 > + < h1n2 > + < h2n1 > + < n1n2 >

si = hi + ni
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Detection methods

Noise: σ2 = < n1n1 > < n2n2 >

Signal to noise ratio: SNR =
μ
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P1, P2 : Detector power spectral density
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Detection methods

In LIGO-Virgo: data divided into segments of T=192 sec


Cross-correlation statistic between detectors I and J:


Expectation value:

Detector noise

Optimal SNR:

Overlap 
reduction 
function

Overlap 
reduction 
function

Data I Data J



Upper limits
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Data consistent with 
uncorrelated Gaussian noise

[LVK 2021]



Stochastic background from merging compact binaries
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BBH/BNS local merger rate and mass distribution from O1+O2+O3a catalogue


Expect detection with design sensitivity or A+

[LVK 2021]



[Persival 2016]

Main contribution: Proto-neutron star oscillations (above 300 Hz)

Low-frequency (below 300 Hz) from SASI (standing accretion shock instability)
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Gravitational waves produced during stellar collapse



Finkel et al. 2022:

Calculate the contribution of all CCSN to stochastic background

Use GW signal from 3D simulations

Stochastic background:

Rate of CCSN follows SFR:

Fraction of stars that collapse (using Salpeter IMF):

SFR:
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Finkel et al. 2022:

Calculate the contribution of all CCSN to stochastic background

Use GW signal from 3D simulations

GW spectrum:

Need angular information, most simulations do not provide it!

Integral over a 
spherical shell

Direction-dependent 
GW strain
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Varying ZAMS masses

High ZAMS mass,  
Rotation

SASI, Rotation
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Finkel et al. 2022: conclusions

14



Finkel et al. 2022: conclusions

Caveats:

• Most simulations were terminated while the system was still emitting GW

• Anisotropic neutrino emission from PNS not included

• Asymmetries due to magnetic fields not included

On the positive side:

• Cosmological signal is expected to be much stronger, will not be masked by CCSN !
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[Radice+ 2018]


