
BCLC Kick-off Workshop

Simulation of electromagnetic 
showers in calorimeters 

with generative adversarial networks

Gustavo Gil da Silveira, E.G. Brock 
Universidade Federal do Rio Grande do Sul (UFRGS)

21—22/July/2021



UERJ|UFRGS Gil da Silveira BCLC Kick-off Meeting

CaloGAN simulation
• This study is based on the CaloGAN package for LAr of the ATLAS ECAL; 

• The strategy slices the sensitive detector into sections to be used as layers for a 
generative adversarial network (GAN) to be trained.
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ATLAS ECAL
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before Phase I Upgrade
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GAN training
• Positrons, photons, and pions are used as incident particles for training; 

• Sampling over the 3 layers to train the energy deposition in different granularities; 

• GPU training ~3x faster than usual CPU.
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Shower shapes: photons

5

7

FIG. 6: Average e
+ Geant4 shower (top), and average

e
+ CaloGAN shower (bottom), with progressive

calorimeter depth (left to right).

FIG. 7: Average � Geant4 shower (top), and average �

CaloGAN shower (bottom), with progressive
calorimeter depth (left to right).

FIG. 8: Average ⇡
+ Geant4 shower (top), and average

⇡
+ CaloGAN shower (bottom), with progressive

calorimeter depth (left to right).

FIG. 9: Five randomly selected e
+ showers per

calorimeter layer from the training set (top) and the five
nearest neighbors (by euclidean distance) from a set of

CaloGAN candidates.

B. Shower Shapes

Electron and photon classification and energy calibra-
tion use properties of the calorimeter shower [64–67].
These same features can be used to quantitatively as-
sess the quality of the GAN samples. The list of features
used for evaluation is provided in Table IV in Appendix A.
The key physical quantity that governs the shapes of these
distributions is the number of radiation lengths X0 that
are traversed by the particle. By definition, X0 is the
distance an electron will travel before its energy is reduced
to 1/e on average. The equivalent distance for photons is
slightly further (by 9/7 [68]) and is set by the mean free
path for pair production. The transverse shower size is
also proportional to X0. For a brief review, see e.g. [68].

The 1-dimensional distributions for Geant4- and GAN-
generated samples are available in Fig. 12. Although the
sparsity levels per layer are only roughly matched, note
that, for the majority of the remaining variables, the GAN
picks up on complex features in the distributions across
several orders of magnitude and all particles types. The
unique features that pions exhibit, compared to the other
particles, make it unfavorable to train a single model for
multiple particle types.

Note that shower shape variables were not explicitly
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Shower shapes: charged pions
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FIG. 6: Average e
+ Geant4 shower (top), and average

e
+ CaloGAN shower (bottom), with progressive

calorimeter depth (left to right).

FIG. 7: Average � Geant4 shower (top), and average �

CaloGAN shower (bottom), with progressive
calorimeter depth (left to right).

FIG. 8: Average ⇡
+ Geant4 shower (top), and average

⇡
+ CaloGAN shower (bottom), with progressive

calorimeter depth (left to right).

FIG. 9: Five randomly selected e
+ showers per

calorimeter layer from the training set (top) and the five
nearest neighbors (by euclidean distance) from a set of

CaloGAN candidates.

B. Shower Shapes

Electron and photon classification and energy calibra-
tion use properties of the calorimeter shower [64–67].
These same features can be used to quantitatively as-
sess the quality of the GAN samples. The list of features
used for evaluation is provided in Table IV in Appendix A.
The key physical quantity that governs the shapes of these
distributions is the number of radiation lengths X0 that
are traversed by the particle. By definition, X0 is the
distance an electron will travel before its energy is reduced
to 1/e on average. The equivalent distance for photons is
slightly further (by 9/7 [68]) and is set by the mean free
path for pair production. The transverse shower size is
also proportional to X0. For a brief review, see e.g. [68].

The 1-dimensional distributions for Geant4- and GAN-
generated samples are available in Fig. 12. Although the
sparsity levels per layer are only roughly matched, note
that, for the majority of the remaining variables, the GAN
picks up on complex features in the distributions across
several orders of magnitude and all particles types. The
unique features that pions exhibit, compared to the other
particles, make it unfavorable to train a single model for
multiple particle types.

Note that shower shape variables were not explicitly
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CMS detector
• Along the Pixel tracker and the Hadronic Calorimeter, the CMS detector has an 

Electromagnetic Calorimeter with scintillator crystals. 

• Layout: barrel and encaps with 75k+ crystals covering the interaction point.
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CMS ECAL layout
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C. Biino, J. Phys.: Conf. Ser. 587 (2015) 012001

PbWO4 
crystals

Barrel (EB)
Endcap (EE)

Preshower (ES)

Modules

Supermodules

CERN, Crystal assembly, https://cds.cern.ch/record/929399

2008 JINST 3 S08004

https://doi.org/10.1088/1742-6596/587/1/012001
https://cds.cern.ch/record/929399
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CMS ECAL in CaloGAN
• PbWO4 crystals used as sensitive detector, updating 

the detector length to the 25 cm of the CMS crystals. 

• Pb layer of 3 mm is used as preshower to enlarge 
shower area. 

• The detector description follows a close design of the 
ECAL modules in the CMS detector: 

1. Different layer binning for better description; 

2. 10% — 70% — 20% of total length; 

• Distributions investigated: Energy ratio, particle fractions per layer, max depth, etc.
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2008 JINST 3 S08004
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Energy distributions
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ATLAS LAr ECAL with 48 cm

CMS PbWO4 ECAL with 25 cm

Google Colab: GPU K80 ~8h training 
CERN LXBATCH: GPU Tesla T4 ~5h training
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Adding the preshower
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CMS PbWO4 ECAL with 25 cm + preshower with 20 x 20 crystals in setup #1

CMS PbWO4 ECAL with 25 cm + preshower with 20 x 20 crystals in setup #2

Google Colab: GPU K80 ~8h training 
CERN LXBATCH: GPU Tesla T4 ~5h training
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Overview of ILC plans for ECAL
• Two proposal for detectors: 

• SiD: compact detector with Silicon tracker and 5 Tesla. 

• ILD: large detector with good energy and momentum resolution. 

• For both detectors, plans are set based on Particle Flow Algorithm (PFA) aiming 
improved jet energy resolution (better <3%). 

• Tracker inside the magnet for measuring the track position and momentum 
precisely. 

• Molière radius has to be small to minimize lateral shower size. 

• Granularity is achieved by using scintillator strips (5 mm x 45 mm) with Tungsten as 
absorber material (X0 = 3.5 mm, Molière radius RM = 9 mm, interaction length 99 mm).
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Possible approaches with CaloGAN
• As done in the transition from ATLAS to CMS, the Geant4 geometry can be 

customized for the detector under study. 

• Optimization of binning and #layers may be needed. 

• Silicon-tungsten SiD ECAL plans to have several layer of tungsten and readout 
electronics.
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ILC Detector R&D Report  
doi:10.5281/zenodo.3749461 
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Constraints
• Proper material description is fundamental to reproduce the 

physics behind the detection. 

• Beyond the usual shower observables, reproduce the 
needed Molière radius is a key observable.
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Closing remarks
• ML applications is a fast growing research field with great potential for high-efficient 

computing; 

• ML fast simulation more cost-effective recources (GPUs) for large scale computing. 

• CaloGAN performs well for a small detector set and needs more developments for a 
full scale detector simulation. 

• Flexibility to train the GAN based on Geant4 simulations, which are available for ILC 
detectors and can be retrained in future geometries. 

• Current funding from: 
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