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Quantifying systematic uncertainties in particle physics analyses is complicated by the need to estimate de-
tector responses through Monte Carlo (MC) simulations. Conventional approaches compute variations in
reconstructed variables under fixed physics assumptions, which can bias the parameters being measured.
We present a likelihood-free inference method that uses neural networks to derive event-wise reweighting
factors from MC simulations of varied detector realizations. These weights describe how detector response
changes with detector properties, independent of any physics model. Applied to a simplified neutrino oscilla-
tion experiment, the method cleanly separates detector modeling from physics parameter estimation in MC

forward-folding analyses.
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