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Sources of GWs
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Superposition of random GW signals produced by a large number of 
weak, independent and unresolved sources

Gravitational wave background

Core collapse SN Distant CBCs

Rotating NS

FOPTs
Cosmic strings

PBHs
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Why the GWB? 

Processes in the  Early Universe
(10-32s after Big Bang)

Astrophysical
sources population
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Statistically:
probability
distribution or
moments
Large number of
independent sources:
GWB is Gaussian 

Assumptions

Isotropic
Stationary
Unpolarized
Gaussian

GWB characterization
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GWB characterization
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Fractional energy density
spectrum in GWs

arXiv:2407.00205 [astro-ph.CO]

https://arxiv.org/abs/2407.00205


Cross correlation search

LVK search for an isotropic
GWB 
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Cross correlation search 

T : observation time
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Cross correlation search 
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Cross correlation search 
Overlap reduction function (ORF)
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Cross correlation search 
Noise power spectra
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Cross correlation search 

𝑓ref = 25 Hz
𝛼 = 0 : inflation, cosmic strings
𝛼 = 2/3 : inspiral phase of CBCs
𝛼 = 3 : supernovae
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Gaussian likelihood 

Bayesian inference
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Gaussian likelihood 

Bayesian inference
Model assumed to describe

the GWB
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arXiv:2407.00205 [astro-ph.CO]

https://arxiv.org/abs/2407.00205


Data from O1-O3 
H1, L1 and V1 data 
Frequency range: 20-1726Hz

Current LVK results

13

R. Abbott et al. (LVK), Phys. Rev. D 104, 022004



Data from O1-O3 
H1, L1 and V1 data 
Frequency range: 20-1726Hz

Current LVK results

Negative point estimates
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Data from O1-O3 
H1, L1 and V1 data 
Frequency range: 20-1726Hz

Current LVK results

HL is the most sensitive baseline
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Current LVK results

Upper limits at 95% CL
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R. Abbott et al. (LVK), Phys. Rev. D 104, 022004



Current LVK results

Upper limits at 95% CL
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R. Abbott et al. (LVK), Phys. Rev. D 104, 022004



LVK results - astrophysical
implications
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LVK results - astrophysical
implications

Detectable in A+?
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R. Abbott et al. (LVK), Phys. Rev. D 104, 022004



Constraints on the CBC
merger rate
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UL on the BBH merger
rate beyond z ≃ 2 at
90% credibility:

R. Abbott et al. (LVK), Phys. Rev. D 104, 022004



Implications on FOPTs
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TV: true vacuum
FV: false vacuum



Nucleation temperature: Tₚₜ
Inverse duration of the
transition: β/Hₚₜ
Strength of the FOPT: 𝛼 
Bubble wall velocity: vw = c

Implications on FOPTs

18
ARR et. al., Phys. Rev. Lett. 126, 151301
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Nucleation temperature: Tₚₜ
Inverse duration of the
transition: β/Hₚₜ
Strength of the FOPT: 𝛼 
Bubble wall velocity: vw = c

are excluded at 95% CL

Implications on FOPTs
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ARR et. al., Phys. Rev. Lett. 126, 151301



Challenges in LVK 

20

Data are not stationary nor
Gaussian: glitches



Challenges in LVK 
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Data are not stationary nor
Gaussian: glitches
Correlated magnetic noise

Electronic mains
Synchronisation to GPS
Schumann resonances



Pulsar timing arrays

Other experiments and
future
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Pulsar timing arrays

Other experiments and
future
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Einstein Telescope (ET)
and Cosmic Explorer (CE)

Other experiments and
future
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LISA

Other experiments and
future
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Summary
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Gravitational wave background
(GWB) provides info. as early as
10-30 s after Big Bang
Many challenges to detect it 
No evidence for a GWB at LVK
Evidence for a GWB in
Nanograv
Bright future ahead



BACKUP



Cross spectral density

Cross-correlation estimator

Variance

Narrowband/broadband analysis

Broadband analysis 
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Data from O1-O3 
H1, L1 and V1 data 
Frequency range: 20-1726Hz

Current LVK results

Smaller uncertainty for 𝛼 = 3 



Current LVK results

Upper limits at 95% CL
Best improvement for
𝛼 = 3 :

Signal recycling 
Addition of V1? 



Implications on the formation
of PBHs
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Formation of PBHs from inflationary
fluctuations is accompanied by a scalar

induced GWB

ARR et al., Phys. Rev. Lett. 128, 051301



LVK results astrophysical
implications


