a3l

onal-wave pa
Inference with the Newman-
Penrose scalar

Speaker: Isaac C. F. Wong

e —
arXiv: 2205:15029



The usual way that we perform data analysis

Strain measurement

+

Strain templates ﬂ

Source properties



The usual way that we perform data analysis

7

+ BBH merger

W
P
* \'. g mmxw.'.uww WMWM.'.'W WMNMWW
- MWVWM’.’W MWWNMW* NV\WWWW

Source properties



The usual way that we perform data analysis

oW 7

+ BBH merger

W
P
* \'. g mmxw.'.uww WMWM.'.'W WMNMWW
- MWVWM’.’W MWWNMW* NV\WWWW

Source properties



The usual way that we perform data analysis

Interferometer

oW 7/

+ BBH merger

W
P
* \'. g mmxw.'.uww WMWM.'.'W WMNMWW
- MWVWM’.’W MWWNMW* NV\WWWW

Source properties



The usual way that we perform data analysis

Interferometer
Strain measurement GW /
+ BBH merger N

W
P
* \'. g mmxw.'.uww WMWM.'.'W WMNMWW
- MWVWM’.’W MWWNMW* NV\WWWW

Strain waveform templates

Source properties



We need NR simulations

Merger & Ringdown

Post-Newtonian approximation/
Effective one-body formalism

Approximated models calibrated to
NR simulations
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We need NR simulations

Surrogate models

Interpolated using a set of NR
simulations
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We need NR simulations

Merger & Ringdown

Post-Newtonian approximation/
Effective one-body formalism
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NR simulations
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Caveats

Time-domain integration
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Caveats

Time-domain integration

Discretely sampled Finite length
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Time-domain integration
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Caveats

Frequency-domain integration

Spectral leakage

High-pass filters

Fixed frequency integration
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Caveats

_(a) bounce

Frequency-domain integration

Core-collapse supernova?

What if there is no natural way to choose «?
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Parameter inference with y,

Not to do the integration!

m d() = h(t) + n(®)
e 1 AN

Strain data Strain waveform Noise

v

Second order finite difference

(Fd)(0) = P40+ (E)(D Caution:

/ 1 \ For brevity, the antenna
¥, data ¥, waveform ¥, noise pattern function is omitted
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Parameter inference with y,

_ do 1 ]_d[m+1]—2d[m]+d[m—l]
Strain data d p, L] = (At)2




Parameter inference with y,
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Parameter inference with y,

Noise PSD §, [ K]
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Parameter inference with y,

Likelihood p(d | 0, #') Evidence p(d| #)

Posterior p(0|d, )

Strain analysis

Y, analysis

| |
pd|6.9) x ——(d —h|d =) p(d]0. 5¢) ox ——(dy, — ¥, | dy, —¥.)
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Testing the formalism with the whitened data
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Testing the formalism with the whitened data
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Testing the formalism with parameter estimation
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Testing the formalism with parameter estimation
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Conclusion

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

 Time-integration of y, 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 y/, avoids the artefacts from performing numerical
iIntegration
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Backup slides

Impact on model selection

Waveform model | GW190521 S5200114f
Injection Template |log B log Lax |log B log Lax

gi1 1232 |900 12490

Uy °hne | 93.9 1232 | 899  124.0
g38 12331
93.6 1231

g36 1229 | 839 1178
0% hg hr 1924 1215 | 64.1 08.2
hi hg 0929 191.5 | @64.1 08.3
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