MAGI

Multivariate Autoencoder for particle
Generative Inference

A generative ML framework for accelerated
multi-stage particle simulations

Francesco Monastra
INAF-IAPS, ASI-SSDC, University of Rome Tor Vergata (Italy)

Co-authors: S. Lotti (INAF-IAPS), S. Cavuoti (INAF-OACN), F|Fenu (ASI-SSDQG), M. Periri
(INAF-OAR), M. Pietrosanto (ASI-SSDC)

francesco.monastra@inaf.it ML4ASTROS - Valletta, Malta - 1/09/2026



THE PROBLEM

Most of CPU is spent far from the detector
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Record every crossing
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Learn the crossing population Test multiple designs
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THE MODEL —— real crossings --- MAGI v0.8.2

One conditional VAE

conditional coupling flow - not a fixed N(0, I)
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 cVAE conditioned on particle species
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DOES IT WORK?

Validated downstream

—— full Geant4 ¢ MAGIvV0.8.2

(a) DM1.2 u (b) SRON XFDM - Detector 1, TES array
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DM1.2 and SRON XFDM with cosmic rays muons.
Different Mass Model and detector design.
Full simulation spectra are validated against real measurements.
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Crossings pushed back through
Geant4 mass model.

We compare measured spectrum
with full Geant4 simulation and
MAGI resampling and injection.

Detector-level rate
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WHAT IT BUYS

More statistics and less compute
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THANK YOU!

Faster simulations for instrumental applications

github.com/francescomonastra/MAGI
Package, manual and examples

NEXT STEPS:

e Complete validation on low-statistics cases

*Improve fluorescence-line generation

* Assess MAGI potential with a full case study
and application to NewAthena X-1FU

* Extend beyond spherical sampling geometries

CONTACTS:
francesco.monastra@inatf.it
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