UH

s CLUSTER OF EXCELLENCE
a1 Universitat Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG QUANTUM U N IVE RSE

PanShower: One model for all calorimeter showers

Thorsten Buss, Henry Day-Hall, Frank Gaede, Gregor Kasieczka and Katja Kriiger

November 14, 2025
8th Round table on Deep Learning
DESY, Hamburg

thorsten.buss@uni-hamburg.de

Thorsten Buss PanShower: One model for all calorimeter showers


mailto:thorsten.buss@uni-hamburg.de

Motivation & Dataset
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» one model for all particle types
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LErik Buhmann et al. CaloClouds: fast geometry-independent highly-granular calorimeter simulation. 2023. arXiv: 230504847

2Thorsten Buss et al. CaloHadronic: a diffusion model for the generation of hadronic showers. 2025. arXiv: 2506.21720
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PanShower Model Overview

conditional flow matching?

based on point clouds Incident particle

attention mechanism for point interactions®

vvyyy

conditioning on incident particle properties
> Eim:
> particle type
» normalized momentum

PointCountFM

» PointCountFM generates number of points per layer

» CNF-Transformer generates point positions and energies
P as a three-dimensional point cloud

—> CNF-transformer

layer index as condition
one embedding vector per calorimeter layer

one embedding vector per particle type

3Yaron Lipman et al. Flow Matching for Generative Modeling. 2023. arXiv: 2210.02747
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4A5hi5h Vaswani et al. Attention Is All You Need. 2017. arXiv: 1706.03762
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Architecture Details Conditional

Input 4 ¢

» model learns v.(x;, t
c(xe 1) Embedding Embedding
» transformer encoder blocks with self-attention
> using flex-attention® @
) ) R
» only points up to two calorimeter layers apart can
interact
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5 Juechu Dong et al. Flex Attention: A Programming Model for Generating Optimized Attention Kernels. 2024. arXiv: 241205496
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Individual Showers
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Hit Level Observables

10 GeV < Ej,e < 90 GeV 10 GeV < Ejpe < 90 GeV
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> hit energy, layer energy and radius distributions for 7t showers
» comparison between PanShower, CaloHadronic and Geant4

» high fidelity in all observables

10 GeV < Ejpe < 90 GeV
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Paper coming soon!
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