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Electromagnetic Shower Shape Correction using Normalizing
Flows — eMAaRIUS MELCHER, ARNO STRAESSNER, and AsmAa HADEF
— Technische Universitat Dresden

The interplay between data and simulation is essential for precision
measurements at the ATLAS experiment. The GEANT4-based sim-
ulation of electromagnetic showers in the calorimeter, however, ex-
hibits notable discrepancies with data, particularly in derived shower-
shape variables used for electron and photon identification. These mis-
matches can impact the efficiency and background rejection of iden-
tification algorithms, making corrections to simulated showers crucial
for physics analyses.

This talk presents a machine-learning-based approach using normal-
izing flows to correct shower-shape variables in simulation. This model
is applied to electron shower-shapes measured by ATLAS during LHC
Run 3. Resulting improvements in data-simulation agreement are dis-
cussed.

T 93.2 Fri 9:15 KH 00.024
Speeding up the MC Background Simulation at Belle IT —
eOLIVER ScHUMANN, Nikoral Kruc, THoMAs KUHR, and THOMAS
Luck — Ludwig-Maximilians-Universitdt Miinchen (LMU), Miinchen,
Germany

By striving for ever-higher luminosities, the Belle II detector is set to
observe rare decay signals. However, these high luminosities corre-
spond to an increased demand for MC-generated background. There-
fore, an efficient algorithm to simulate background events for the de-
tector in large quantities is vital for the successful interpretation of
Belle II’s data. While the generation and skimming of events in the
MC simulation chain are quick and easy to compute, the detector sim-
ulation and reconstruction of these particles are a slow task. A neural
network (NN) is introduced into the chain to classify skim-passing
events and discard those which fail to pass the NN before the detector
response simulation, thereby saving valuable computing resources and
time.

This work explores a new approach for parallelisation of the NN
training process, in hopes of achieving convergence with the resources
available in less (real) time. It involves an on-the-fly training pipeline
on multiple machines, retrieving the updated NN, and redistributing
it to the clients. This talk aims to provide an overview of the current
work in progress and to give an outlook on future prospects.

T 93.3 Fri 9:30 KH 00.024
CaloHadronic: review and updates — eMARTINA MozzaNical,
Grecor Kasieczkal, FRaNk GaAeDpe2?, and Katia KRUGER? —

IUniversity of Hamburg — 2DESY, Hamburg

Simulating showers of particles in highly-granular calorimeters is a
key frontier in the application of machine learning to particle physics.
Achieving high accuracy and speed with generative machine learn-
ing models can enable them to augment traditional simulations and
alleviate a major computing constraint. Recent developments have
shown how diffusion based generative shower simulation approaches
that do not rely on a fixed structure, but instead generate geometry-
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independent point clouds, are very efficient. We present CaloHadronic:
a diffusion model for the generation of hadronic showers in both the
highly granular electromagnetic and hadronic calorimeters of the In-
ternational Large Detector, ILD. In addition, we detail several updates
to the dataset and architectural design.

T 93.4 Fri 9:45 KH 00.024

OmniJet-alpha for Calorimeters - Autoregressive generation

of Calorimeter Showers — Joscuka Birk!, FRANK GAEDEZ,
ANNA HaLLIN!, GREcOrR Kasieczkal, MARTINA Mozzanical, and
eHeNNING Rose! — !Institute for Experimental Physics, Univer-

sitdst Hamburg Luruper Chaussee 149, 22761 Hamburg, Germany —
2Deutsches Elektronen-Synchrotron DESY, Notkestr. 85, 22607 Ham-
burg, Germany

We present an autoregressive approach for the generation of high-
granularity calorimeter showers based on the OmniJetAlpha archi-
tecture. The proposed method directly embeds individual calorime-
ter shower hits, enabling end-to-end autoregressive generation without
relying on discrete tokenization or vector-quantized codebooks. To
model hit features efficiently, the architecture employs separate pre-
diction heads for each feature dimension, allowing the overall model
size to remain compact even at very high spatial and energy granu-
larities, while avoiding codebook collapse and related representational
bottlenecks. This design facilitates stable training and scalable gen-
eration in regimes where traditional token-based approaches become
impractical. Our results demonstrate that generative pre-training can
be performed directly at the data level for calorimeter shower mod-
eling, removing the need for intermediate representations. This is a
significant step toward leveraging transformer-based foundation mod-
els in high-energy physics, as autoregressive pre-training has proven
exceptionally effective in generative modeling, as evidenced by recent
advances in large language models.

T 93.5 Fri 10:00 KH 00.024
PanShower: One model for all calorimeter showers —
eTHORSTEN Buss!:2, HENRY Dav-HaLL2, FRaANK GAEDEZ, GREGOR
Kasieczkal, and Karia KRUGER? — !Universitat Hamburg, Ham-
burg, Germany — 2Deutsches Elektronen-Synchrotron (DESY), Ham-
burg, Germany

Accurate and efficient detector simulation is essential for modern col-
lider experiments. To reduce the high computational cost, various
fast machine learning surrogate models have been proposed. Tradi-
tional surrogate models for calorimeter shower modeling train sepa-
rate networks for each particle species, limiting scalability and reuse.
We introduce PanShower, a unified generative model that simulates
calorimeter showers across multiple particle types using a single gener-
ative model. PanShower is a continuous normalizing flow model with
a Transformer architecture, enabling it to generate complex spatial
and energy correlations in variable-length point cloud representations
of showers. Trained on a diverse dataset of simulated showers in the
highly granular ILD detector, the model demonstrates the ability to
generate realistic showers for electrons, photons, charged and neutral
hadrons over a wide range of incident energies and angles without the
need for retraining,.



