Cross-simulator simulation-based inference of astrophysics during the

epoch of reionization _
Carina Norregaard' "Imperial College London IMPERIAL

c.norregaard22@ic.ac.uk 2MPI for Radio Astronomy
Jonathan Pritchard"2, Romain Meriot'

SKA Science Data Challen lonization history inference [1] ( EMULATORS
>(A?P(K), Xuu, OT;)
Goal: infer x, at 3 redshifts given realistic 25+ international teams TRAIN L H

mock 2DPS, generated with unknown Challenges: cosmic variance, residual NPE __.-°"
simulation codes foregrounds, instrumental effects

Emulators/simulations, MCMC/SBI [%(9 ‘ Tazp() +E)]

EVALUATE
ON SELF

¥
>{9:elf ) (9 ‘ xzebli)]

Results:
* Large discrepancy between posteriors in PS1 (pyC2Ray [2] a less commonly used code)
vs between posteriors in PS2 (21cmFAST a commonly used code)
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How robust is simulation-based inference of reionization
observables to mismatches in the underlying forward model?
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21cmSPACE: semi-numerical LoReli Il (generated with Licorice): 21cmFAST: semi-numerical simulation codel
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Example of a noisy mock observation used for

Results from the pipeline trained on LoReli Il data, and effects of cross-simulator inference for the z,, of x..and z...,, of 8T, when using mock observations
from 21cmSPACE and 21cmFAST:
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SBI posteriors are not robust to forward model mismatches

The cross-simulator inferences fail to accurately recover the midpoint of reionization and absorption trough of the global signal, with clear biases present
The NPE is only reliable when training and inference forward models are matched (not model agnostic), the 21cm simulation codes explored here are
therefore not interchangeable and the choice of simulation code introduces a possible source of uncertainty in any inference pipeline
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