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Paper accepted for publication in Computing and Software for Big Science



Analysis of the ZDC neutron detector response dataset



ML models implemented in the paper [previous SOTA]

Variational autoencoder (VAE)

Sinkhorn autoencoder

GANs



ML models implemented in the paper [ours]
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Vector quantized VAE (VQ-VAE)
VQ-GAN

Transformer



ML models implemented in the paper [ours]

Normalizing flow

Diffusion model



ML models implemented in the paper



Flow matching (FM) – new generative model
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Flow matching for fast ZDC simulation

4.11.2024, 13:19

Strona 1 z 1about:blank

N G
UNet

P

x N

4.11.2024, 13:03

Strona 1 z 1about:blank

Flow
matching

Encoder Decoder GI

Neural network architecture – Unet

FM + VAE = Latent FM

• Presented on ML in PL 2024: poster

https://conference.mlinpl.org/docs/poster_51.pdf


Flow matching for fast ZDC simulation
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Improvement Time ↓ [ms] Relative change

Previous model 11.80

Fewer num of steps (11) 2.60 -78%

Smaller model (77k) 0.62 -76%

Mixed precision (F16) 0.46 -27%

Bigger batch size (8k) 0.37 -18%

Latent space model 0.026 -93%

Bigger batch size (16k) 0.008 -63%



New SOTA for the ZDC neutron detector simulation
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New SOTA for the ZDC proton detector simulation

Model Wasserstein ↓

GAN 2.48

SDI-GAN 2.08

Flow matching 1.30

Latent flow matching 2.87
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l Presented on CHEP 2024: poster.

l Fine-tuning of the baseline model trained on the whole data for each particle.

l Neutron detector simulation with ensemble learning.

l Results improvement – from 2.34 +- 0.02 to 2.18 +- 0.01 (NF model).

l The approach can be utilised for other models (GAN, VAE, diffusion, …).

ZDC – transfer learning + fine-tuning
Emilia Majerz

https://indico.cern.ch/event/1338689/contributions/6016219/attachments/2953502/5192404/chep-zdc-nf-majerz.pdf


l Paper on fast simulation of the ZDC accepted for publication:
l neutron detector response dataset analysis,
l comprehensive models comparison.

l New flow matching model:
l SOTA for the ZDC neutron detector simulation,
l SOTA for the ZDC proton detector simulation,
l SOTA simulation speed among generative models (latent FM).

l Future work:
l proton detector response dataset analysis,
l paper on flow matching for fast ZDC simulation.

Contributions and future work


