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Parameter estimation
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Parameter estimation
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Parameter estimation is expensive!!



Overview

Bilby

Dynesty LALSimulation

● Nested sampling

● GW PE
● Relative binning

● Waveforms
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Overview
● JIM: Fast and robust parameter estimation pipeline of GW signal powered by JAX

● PE on BBH within minutes (Wong et al. Astrophys.J. 958 (2023) 2, 129)

JIM

FlowMC Ripple

● Gradient-based MCMC
● Normalizing flow

● JAX waveforms
● Auto-differentiable

● GW PE
● Relative binning

● Auto-differentiable
● Hardware acceleration
● Just-in-time compilation
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Normalizing flow
● Generative machine learning model

● Learn the mapping between latent space and parameter space

● Approximate sampling from complicated distributions

● Preliminary MCMC samples                       Efficient proposal distribution
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FlowMC
Normalizing-flow (NF) enhanced MCMC sampling

1. Gradient-based sampler (Conventional sampling)

2. Train the NF with the samples output

3. Sampling with the NF

Conventional sampling NF sampling
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Validation with pp-plot
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GW170817
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IMRPhenomD_NRTidalv2 TaylorF2



Runtime
● JIM wall time

○ Finding the maximum likelihood parameters for relative binning 

○ Training the NF

○ Sampling
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Environmental impact
● JIM is more environmental friendly than existing pipelines

● Energy consumption for 204 BNS runs
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Conclusion
● JIM: Fast, robust and environmental friendly  parameter estimation pipeline of GW signal

● Conduct PE for BNS in < 30 min without any pre-training needed

● Future applications:

○ For next generation detectors e.g. Einstein Telescope

○ Multi-messenger astrophysics

○ Population study

○ And more….
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NF details
● Rational-quadratic neural spline flows

● 10 layers 8 bins

● 128 neuron in hidden layers

● Adam optimizer, learning rate decay with polynomial schedule
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Stopping criterion
● The NF is frozen when it reached an acceptance rate threshold
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Waveform cross-checking
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GW190425
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Priors
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