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Simulation of showers in CMS ECAL 
with generative adversarial networks
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Gustavo Gil da Silveira, Eduardo Brock (UFRGS)

C. Biino, J. Phys.: Conf. Ser. 587 (2015) 012001
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Tracker
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https://doi.org/10.1088/1742-6596/587/1/012001
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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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Phys. Rev. D 97, 014021 (2018)

M. Paganini, L. de Oliveira, B. Nachman

arXiv:1712.10321v1 [hep-ex]
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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.

Phys. Rev. D 97, 014021 (2018)

M. Paganini, L. de Oliveira, B. Nachman

arXiv:1712.10321v1 [hep-ex]

https://arxiv.org/abs/1712.10321
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CMS ECAL
• 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: 

• Different layer binning for better description; 

• 10% — 70% — 20% of total length; 

• Distributions investigated: Energy ratio, particle 
fractions per layer, max depth, etc.

11CERN, Crystal assembly, https://cds.cern.ch/record/929399

2008 JINST 3 S08004

https://cds.cern.ch/record/929399
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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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Processing power with GRID T3s
• T3_BR_UFRGS: 

• Current T3 unit with 768 GPU cores and large storage area; 

• Focus on local development of ML algorithms and GAN training. 

• UNICAMP (plan): J.A. Chinellato in collaboration between IFGW + FEEC 

• hybrid computational model for large-scale processing based 
on CPUs + GPUs + FPGAs; 

• Processing cases relative to energy deposition, such as dE/dx 
electromagnetic cascades, with GPU + FPGA accelerators; 

• Environment for development of machine learning algorithms, 
e.g. statistical deconvolution, with bayesian approach.
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Overview
• Timescale: 

• GNN: tools available and possible tests in LHC Run3 but focus on HL-LHC (2025); 

• Calo: PhD student (4yr) for possible application meant to CMS ECAL or HGCal. 

•Estimated costs: 

•Improvement of T3 processing power with new stations: R$ 30.000,00 (FAPERGS) 

•Proposal of T3 with hybrid instance: possible funding from CNPq or FAPESP 

•Budget for in-person work at CERN: R$ 100.000,00 (FAPERGS, CAPES, FAPERJ) 

•6-month PhD internship at CERN and short-term visits.
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Possible extensions
•Synergies: 

•Build closer collaboration with other ML groups in Brazil and at CERN; 

•Cross-experiment simulations for electromagnetic showers with GPU; 

•Train students for future developments and extensions for data analyses. 

•Spin-offs: 

•Application of ML simulation for proton reconstruction in CMS-PPS; 

•Simulation of electromagnetic showers in future detectors (ILC); 

•Flexible processing infrastructure to extend additional hardware-level studies.
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Closing remarks
• ML applications is a fast growing research field with great potential for high-efficient 

computing; 

• HL-LHC demands new solutions to overcome the enormous amount of data and 
complex pileup environment in view of data analyses; 

• Trigger and simulation/reconstruction are the main drives of processing time. 

• Large-scale computing resources are available at CERN, but preparing a local 
infrastructure allows more profit collaborations with cross-experiment researchers; 

• Improvement of expertise to pursue more sophisticated project in the future; 

• Current funding from: 
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