Generative Surrogates for Fast Simulation: TPC Case
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- o > PID provided through dE /dx

_C% @&;@Q’Q' > Computational bottleneck in the electron drift Flange
Q- iy simulation = Fast simulation approach required =~ (Aluminum)

Fast simulation with a neural network

» TPC readout: 95 232 sensitive pads x 310 time buckets

per bunch crossing
> ~30M numbers to generate
> > Factorize the problem:
\ PadS > Split all tracks into small segments contributing to

individual pad rows

Contributions localized in space and time

— 8 pads in a pad row
— 16 time buckets

Assume additive contributions from the segments
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Production pipeline

» (Goal: make an automated solution
> Various simulation configurations may arise

» Requirements:

> Automated training
— Training data generation
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Alternative: generating the

6 parameters directly @
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Saved models

Latent space —

Event Properties
random normal
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Model for evaluation

J

— TJasks and dependencies defined in Python
— Then scheduled and executed by Airflow

v M & MLflow for model library
& > " »  We use the “Model Registry” component

< — Model versioning and tagging

Trainer

3 l | | Rt > = — Model training, evaluation and selection
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Concatenate F; Training k5 = Model :
8 set g S catalogue — Database for storage and prompt model retrieval
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-~ Pymonensorion]| | Design choices (preliminary):
Generator & 2' environment | g »  Store models in ONNX format, ONNXruntime for inference
—— 7 g 11— 1 ~raining efity point | 187 > Airflow to manage the workflow
[ MomentsTolmage ; - Evaluation request f — Pipelines described as Directed Acyclic Graphs (DAGS)
g

Images

v

. *,y
Simulated E 1

[ ImageToMoments J

OOOOO l T Siniation job entry port - Webinterface
. o[ Concatenate | T"as'gt'”g Evil:\?:ron East-sim clients - REST API to download a model for inference
i generator MPD root environment »  Customizable model description in the web interface
[ h — Can be modified through API (e.g., automatically attach
Discriminator validation results to the model description)
\_ J
v
> The 6 low-level parameters contain most of the > Motivation: generating in lower-dimensional space may Fem Ut TR pEer ar e daEik
information important for reconstruction: be simpler (quicker and/or lead to better quality)
> Barycenters < cluster coordinates » However, experiments show that it requires a lot of
> Widths and covariance < two-track resolution hyper-parameter tuning to get to a reasonable quality
> Amplitude < dE /dx » Do GANs “prefer” higher-dimensional representations?..
> |dea: generate just the 6 parameters, then build a 8x16
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response matrix deterministically (discretized gaussian)
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» (Gaussian discretization introduces bias
— Can correct for it automatically by plugging biased 700
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