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Gravitational Wave Models

* Waveform Approximations

* Matched Filtering, Parameter

* Used in Gravitational Wave (GW) Analyses G O e d‘
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Why do we need these models?

* Einstein Field Equations -> Gravitational Waves
* Solve numerically?

* Computationally Expensive and Slow
* Cannot Use Numerical Relativity (NR) waveforms for GW analysis

* Can be used to construct GW models



Phenomenological Model

* Not derived purely from theory

* Constructed using specific ansatz with tunable parameters that is fitted to
NR waveforms




IMRPhenomD
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Sketch of the ansatz of IMRPhenomD model



Objectives

* Improve the current model by re-fitting tunable parameters

* Comparing with ~10 testing waveforms

* Analyze the model to determine its limitations
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Method

* The mismatch between two waveforms is defined as
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* Quantify the error between two waveforms h; and h,
* IMRPhenomD vs NR waveforms
* Used widely in GW analysis



Method
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Sketch of the ansatz of IMRPhenomD model



Automatic Differentiation

* Chain Rule

* Differentiate simple functions, then compose them back w = zysin(yz)
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Preliminary Result

e ~ 209 decrease in mismatch
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* Some waveforms have worse
performance after optimization
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Distribution of the change in mismatch before and
after optimization



Preliminary Result

* Model is parameterized by effective spin yeff
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Scatter plot of testing waveforms in parameter space.
Color represents the change in mismatch before and
after optimization



Further Investigation

* Perform similar analysis to newer waveform models (IMRPhenomXAS)

* Analyze the effect of precession
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