VROOM-SBI

Amortized Bayesian QU-Fitting for Survey-Scale Faraday Analysis
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QU-fitting without the sampler

QU-fitting gives calibrated posteriors and model comparison,
but costs 104 to 10¢ forward-model calls per sightline.
VROOM-SBI learns the posterior once from simulations, then
answers each new sightline in one forward pass.
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Neural posterior estimation
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noise, RFI flags, channel weights

Infer: one forward pass
5,000 samples in < 0.1 s on GPU

MACS J1752+4440, VLA L-band
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(a) RM synthesis (b) VROOM-SBI posterior mean (c) residual (d) posterior RM

uncertainty.
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(b) VROOM-SBI
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(d) RM Uncertainty

135.0

1325

130.0

27.5

22.5
20.0
17.5

15.0

5.0

4.5

>
o
orm (rad m™2)

M
w
o1

13.0

2.5

Right Ascension (J2000)

Against RM-Tools QU-fitting
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1= +15, P2 = 44.5 rad m (ASO = 59.9). Left; Q U with posterior 100 stratified pixels. VROOM-SBI sits a median 2.3 rad m~* below QU-fitting.
draws. Right: joint posterior of (04, (P5; red dashed is truth. Over 256 test cases
both RMs are recovered to within 2 rad m™.
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TARP: 15 of 20 posteriors calibrated (4 models, /N = 1 to 9). Worst case within

5% of the diagonal.

Code  github.com/skunkworks-ra/vroom-sbi
Models huggingface.co/skunkworks-ra/vroomsbi
arxXiv  arxiv.org/abs/2605.27538
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