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Frequency-domain integration 

Eccentric systems?

Core-collapse supernova?

Pablo etal. (2013) [1310.8290]

What if there is no natural way to choose ?ω0
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d(t) = h(t) + n(t)Strain

Strain data Strain waveform Noise

ψ4

Second order finite difference 

(δ2d)(t) = Ψ4(t) + (δ2n)(t)

 dataΨ4  waveformΨ4  noiseΨ4

Caution: 
For brevity, the antenna 

pattern function is omitted
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Strain template h Ψ̃4 =
1 − cos(2πkΔfΔt)

2π2(kΔfΔt)2
ψ̃4[k]



Parameter inference with ψ4

Prior p(θ |ℋ)

Likelihood p(d |θ, ℋ)

Posterior p(θ |d, ℋ)

Evidence p(d |ℋ)

Strain analysis 
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 analysis ψ4

p(d |θ, ℋ) ∝ −
1
2

(d − h |d − h) p(d |θ, ℋ) ∝ −
1
2

(dΨ4
− Ψ4 |dΨ4

− Ψ4)
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Testing the formalism with the whitened data



Appropriate ω0

Head-on Proca-star merger consistent with GW190521

13

Testing the formalism with the whitened data
Obtained from ψ4



Testing the formalism with the whitened data
Too aggressive ω0

Head-on Proca-star merger consistent with S200114f

14

Obtained from ψ4



Head-on Proca-star merger consistent with GW190521

15

Testing the formalism with parameter estimation



16

Head-on Proca-star merger consistent with S200114f

Testing the formalism with parameter estimation

Inject ψ4

Recover with δ2hF



Conclusion

• We propose a statistical framework to perform data analysis directly with 


• Time-integration of  suffers from several issues, such as


• amplifying the numerical noise that leads to a non-linear drift


• the choice of frequency cutoff in the filter might not be trivial


• We show that the systematic induced by the integration can have huge impacts on 
data analysis


• Direct parameter inference with  avoids the artefacts from performing numerical 
integration

ψ4

ψ4

ψ4
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Impact on model selection
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