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GWs: independent and direct measurement of redshift




Strain amplitude depends on masses and distance:
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z measurements: GWs sirens!

COSMOLOGY WITH GWs
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• Bright sirens  z from EM

• Dark sirens  z from galaxy

• Spectral sirens  RESOLVED

 UNRESOLVED : SGWB
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SIRENS

Strain ℎ at t, x:



Stochastic = non-deterministic  amplitude ℎ = complex number from Gaussian

• cosmological component: cosmological processes generating GWs

• astrophysical component: superposition astrophysical unresolved signals.



BBH

SGWB
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SGWB AS SIREN
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Ok…
It is 4.20 p.m.

...
Why should we care about it?
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Fig. 1: Predicted SGWB contributions, compared with detectors’
sensitivity. Renzini et al., 2022

3G detectors will measure it!

• Yellow curve = SGWB by

stellar-mass compact

binaries

• Red curve: LISA sensitivity

O3 LVK results:
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Correlation between channels  measurement
of the energy density



Recent interest in the topic:
--- Capurri G., 2023, BNS in ET, analitical

--- Ferraiuolo S., 2025, BBH in LVK

catalogue approach
to simulate the SGWB in LVK, O5
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ESTIMATION



BBH population models = 15 astrophysical parameters, {𝜃}

Intrinsic parameters = fundamental properties: 𝑚ଵ, 𝑚ଶ, 𝑎ଵ,   𝑎ଶ

Extrinsic parameters = depend on measure of event: binary system position: RA, decl, 
𝑧 or 𝑑 , 𝜓, 𝜙, 𝑖 …

Prior for {𝜃} parametrized by set of hyperparameters Λ: 𝜋(𝜃|Λ)


Catalogue 10଼ sources extracted

BBH CATALOGUE APPROACH
8

15ൗ



Fig. 2: Rejection sampling on pp model for 𝑚ଵ Fig. 3: 𝑚ଵ histogram – following the curve as expected

Mass prior: 𝑝 𝑚ଵ, 𝑚ଶ Λ = 𝜋ଵ 𝑚ଵ Λ  𝜋ଶ(𝑞|𝑚ଵ, Λ)
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Secondary mass model

Conditioned probability:

Fig. 4: Rejection sampling on smoothing part of the 
model for 𝑚ଶ

Fig. 5: 𝑚ଶ distribution histogram
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Spins prior:

Product two PDFs: one for spin amplitudes and one for spin tilts

Fig. 6, 7: Rejection sampling and histogram for spin amplitude 𝜒
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Extrinsic parameters: position distribution. Uniform for 𝛼,  𝛿, angles

Merger rate and redshift

Fig. 8, 9: Redshift distribution and rejection sampling
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Projection of the waveform for each source in LVK at O5 sensitivity

Distinction between resolved and unresolved sources

SNR = 12 threshold for distinction resolved signals – background

From projected waveforms: cross-correlation measurements

Ωீௐ =  
1

𝑇


𝑓ଷ

8𝐺𝜌
( ℎା 𝑓 ଶ + ℎ 𝑓 ଶ)
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Inference of H0 from the optimal estimator for the SWGB

LIKELIHOOD
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LISA, ET: will the assumption for the product of the likelihoods still hold?

Independence resolved-unresolved signals: stops holding

Short signals: stops holding

And so on

FUTURE
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Thank you!


