
Funded by the European Union’s 
Horizon 2020 - Grant N° 824064

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 
from the European Union’s Horizon 2020 research and innovation programme under the Grant Agreement n° 824064.

CTLearn
Deep learning for IACT event reconstruction

D. Nieto, J.L. Contreras, T. Miener et al.

Universidad Complutense de Madrid

E-OSSR Onboarding Presentation

December 1, 2022



Funded by the European Union’s 
Horizon 2020 - Grant N° 824064

Introduction 

E-OSSR Onboarding Presentation

• 5-20 fold better sensitivity w.r.t. current IACTs
• 4 decades of energy coverage: 20 GeV to 300 TeV
• Improved angular and energy resolution
• Two arrays (North/South)

Low-energy range:
23 m ø
Parabolic reflector
4.3° FoV
Energy threshold 20 GeV 

Mid energy-range:
12 m ø modified Davies-Cotton reflector
9.7 m ø Schwarzschild-Couder reflector
7.5° FoV
Full system sensitivity in the 
150 GeV – 5 TeV range

High-energy range:
4 m ø Schwarzschild-Couder reflector
10° FoV
Several km2 area at 
multi-TeV energies

www.cta-observatory.org
Science with CTA: arXiv:1709.07997

Credit: www.cta-observatory.org

http://www.cta-observatory.org/
https://arxiv.org/abs/1709.07997
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o Detection of extended air showers using 
the atmosphere as a calorimeter

o Huge g–ray collection area  (~105 m2)

o Large background from charged CR 
• Partly irreducible (e-/e+ , single-EM, 

with current methods)

o Energy window: tens GeV - tens TeV

o Event reconstruction from image:
• Type of primary event
• Primary energy estimation
• Primary arrival direction

oEvent reconstruction algorithms
o Look-up-tables
o Geometric methods
o Fit to templates
o Classic machine learning (RFs, BDTs)
o Deep learning?
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o High-level Python package for using deep 
learning for IACT event reconstruction 

o Configuration-file-based workflow and 
installation with conda drive reproducible 
training and prediction 

o Supports any TensorFlow model that 
obeys a generic signature 

Core developers
Tjark Miener, DN (IPARCOS-UCM) 
Ari Brill, Qi Feng (Columbia)
Bryan Kim (UCLA, now at Meta)
(See contributors here)

Use case:
“User wants to use a new deep-learning architecture for reconstructing events from her 
latest IACT observations”

Workflow:
o User provides IACT MC dataset and model
o CTLearn trains model & provides evaluation metrics
o User provides dataset for inference (MC or real data)
o CTLearn performs inference (event reconstruction)

https://github.com/ctlearn-project/ctlearn/graphs/contributors
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Software/Service Development 

• Development: 
• “Fork-and-pull” Git workflow
• Semantic versioning
• Code style enforced by Flake8
• Sphinx-based documentation hosted at Read the Docs

• Testing and efficiency optimization strategies
• Continuous integration via GitHub actions
• Unit testing to be implemented
• Benchmarking performed before every release

• Platform integration and metadata
• GitHub and Zenodo
• Codemeta

• Software licenses
• BSD 3-Clause "New" or "Revised" License

• General guidelines that are followed
• Available on GitHub for all potential users/contributors

E-OSSR Onboarding Presentation



Funded by the European Union’s 
Horizon 2020 - Grant N° 824064

Software/Service Requirements 

• Operating System, compilation environment
• Works on Linux and MacOS
• Python-based, TensorFlow as backend engine
• Installation via conda/pip

• Hardware requirements
• GPU-enabled hosts strongly recommended but not required
• Only tested on NVidia GPUs

• Containerization and portability requirements
• Work in progress towards containerization using Singularity

• Workflow / interface requirements to other 
software/services
• Input assumes official CTA data format
• Inference to be integrated into CTA’s analysis pipeline 

E-OSSR Onboarding Presentation
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OSSR Integration

• What is available?
• Code repository on GitHub
• pip package
• Documentation on ReadTheDocs

• What will be onboarded?
• Source code

• Are there open points and requirements?
• None identified, project already on Zenodo

E-OSSR Onboarding Presentation
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OSSR Integration

• EOSC user story
• User wants to train a given DL model for her IACT data 

analysis
• OSSR side

• User finds links to code, documentation and examples
• CTA datasets for training and testing may be available (WIP)

• Data side
• User can utilize her own dataset for training (simulations) and 

testing (simulation / real data)
• Custom plugin may be needed if not using CTA’s standard 

format

E-OSSR Onboarding Presentation
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Short demo

• Standard ecosystem

E-OSSR Onboarding Presentation
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Short demo
• Project architecture

E-OSSR Onboarding Presentation
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Short demo

• Installation for end users

> CTLEARN_VER=0.7.0

> wget https://raw.githubusercontent.com/ctlearn-
project/ctlearn/v$CTLEARN_VER/environment.yml 

> conda env create -n [ENVIRONMENT_NAME] -f environment.yml 

> conda activate [ENVIRONMENT_NAME] 

> pip install ctlearn==$CTLEARN_VER 

> ctlearn -h

E-OSSR Onboarding Presentation

The following command lines will set up a conda virtual environment, add the 
necessary package channels, and install CTLearn specified version and its 
dependencies:
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Short demo

• Usage, command line

E-OSSR Onboarding Presentation
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Short demo

• Usage, python module

E-OSSR Onboarding Presentation
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Short demo

• Configuration file

E-OSSR Onboarding Presentation

https://github.com/ctlearn-
project/ctlearn/blob/master/config/example_config.yml

https://github.com/ctlearn-project/ctlearn/blob/master/config/example_config.yml
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Short demo

• Training run
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Short demo

• Training run
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Short demo

• Prediction run

E-OSSR Onboarding Presentation
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Short demo
• Customizing models

E-OSSR Onboarding Presentation
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Short demo

• Build IRFs

E-OSSR Onboarding Presentation
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• Outcome
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T. Miener et al., PoS(ICRC2021) 730

Short demo

https://doi.org/10.22323/1.395.0730
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• Outcome
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TRN Model

T. Miener et al. 2021 (ADASS XXXI)

Short demo

https://arxiv.org/abs/2112.01828
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Open Points and Discussion Time
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https://github.com/ctlearn-project/ctlearn https://zenodo.org/record/6842323https://ctlearn.readthedocs.io

https://github.com/ctlearn-project/ctlearn
https://zenodo.org/record/6842323
https://ctlearn.readthedocs.io/en/latest/
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TOC of Tech Report

• Introduction
• ESFRI/RI and Partner, Science Case
• Software and Service Name

• Software/Service Development Strategy
• Software/Service Requirements
• OSSR Integration

• Status
• Content
• User Story
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