Simulation-based inference
with radiative hydrodynamics
simulations for SKA
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Bayesian Inference with 3D RT simulations?

Possible inference methods:

1) Bayesian MCMC: > 10° model evaluations => Not with 3D RT!

2) Model inversion with ML (bayesian or not): a few 103 models

3) Trained ML emulator (a few 103 models) + MCMC

4) SBI: ML Density Estimator (a few 103 models AND implicit likelihood)

=> We need to build a training set with 3D RT simulations!
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*Tréin'vNN with Loreli2:

Ast.r'o" Neural Powerspectrum 3
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Principle of Simulation-based inference (SBI)

- Emulator based inference:

- Assume uncorrelated noise with known variance and mean
=> P(data | parameters ) = analytical gaussian

~ But correlations exist and 21-cm signal is non gaussian

" If we can simulate the signal and the noise (yes we can!)

=> One simulation = one draw from P( data | parameters )
=> Train NN to fit P (or the posterior) from a collection of draws (LoReli Il)

=> Use trained NN for very fast MCMC inference



* ~Assume 100h SKA thermal noise ieriol Semelinand Coru in prep 258 wperwenc
- N0|seless mock target signal
' => true params +/- centered

- Train 10 NN to evaluate stability
AE Also mfer with stacked NNs
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" Control va-Iidity with SBC (~1000 inferences!):

e =>Bias<0.2 0
=> underconfident by ~20%
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_C.'o'mfb"ining several summary statistics (or observables!):

- no analytic form for the likelihood . semelin, Mériot and Cornu, in prep  —
--not independent => correlations
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3 EXampIé with 21-cm signal:

aI?oWe'r sp;ectrum + Pixel Distrib Func)
~ - Fitjoint likelihood with NDE
- -Train NDE on LoRelLi |
i - MCMC inference
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Conclusions and perspectives

Current accuracy: ~ 0.2 x variance, ~0.2 x training grid step

—)

- Further improve physical modelling

- Streamline data production pipeline

- Reduce stored data volume

- Refine prior, perform adaptive sampling



Thank you!




