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Open data

Open data is a crucial part of science and brings many 
benefits to society and the public:

• Increases trust in scientific research. 

• Allows the public to understand the results obtained. 

• Promotes citizen science. 

• Increases understanding of innovation and economic growth.

• Fosters educational efforts, allowing students and teachers to 
obtain and reproduce our results.
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Major discoveries within the last 10 years

2012: Discovery of the Higgs boson at the LHC at CERN. 

2015: Detection of gravitational waves by LIGO. 

2019: Direct detection of the event horizon of a black hole 
by EHT.

gwosc.org

opendata.cern.ch

https://eventhorizontelescope.org/for-astronomers/data

Open Data is available 
for all of them!

https://gwosc.org/
http://opendata.cern.ch/
https://eventhorizontelescope.org/for-astronomers/data


Nature Physics 15, 113–119 (2019)

Open is not enough:

• define your reproducibility.

• runnable usage examples. 

• preserve computational workflow.

• enable FAIR reuse

Open data is not enough
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Scientific Data 3, 160018 (2016)

FAIR principles

5



M. Mulders, II LASF4RI

Latin America involvement at the LHC
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LHC data collection: 

• 90 petabytes (PB = 1024 TB) per year 
from LHC + 25 PB from other 
experiments

LHC data storage:

• CERN data center has ~400 PB on 
tapes + ~350 PB on disks 

• CERN storage system served 2.5 
exabyte (EB = 1024 PB) of data
(just in 2020!)

“…and the results of its experimental and 
theoretical work shall be published or 
otherwise made generally available”

CERN Founding Convention (1953)

Data at the LHC
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LHC data preservation and open access policies

Restricted data → embargo period → open data 
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CERN Open Data Portal

https://opendata.cern.ch/

Launched in November 2014:

• Collision and simulated datasets for research
• Derived datasets for education
• Configuration files and documentation 
• Virtual machines and container images 
• Software tools and analysis examples

As of today:

• over 40.000 datasets 
• over 50 different software
• over 5 petabytes of data

https://opendata.cern.ch/
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Each layer of the ATLAS detector is sensitive to different types of particles and/or radiation 
produced in the collision: photons, electrons, muons, charged and neutral hadrons...

Interation of radiation with matter
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Software

Data analyses require hundreds of petabytes of 
data storage and hundreds of thousands of CPUs 
to execute millions of lines of code. 

ATLAS has collected ~4 PB of data so far. 

Data reconstruction and preprocessing take 
~100 PB of space. 

The software for reconstruction, simulation, and 
analysis consists of ~4 million lines of C++ code. 

None of this is trivial to communicate and share 
with the public...
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Open data available from LHC experiments

April 2024: CMS publishes proton collision data at 13 TeV from 
2016. More than 70 TB of 13 TeV data and 830 TB of MC.

February 2024: The ATLAS Experiment releases 25% of the 
main proton-proton datasets for research purposes.

December 2023: LHCb releases the complete Run I dataset. 
800 TB of data and algorithms for research and education.

December 2022: CMS completes the release of all its Run I 
proton-proton collision data. 491 TB of data and code.

February 2020: The ATLAS Experiment releases open data at 
13 TeV for education.

November 2014: ALICE releases educational datasets. ALICE's 
datasets customized for demonstration and education.
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Education-oriented use cases

Interactive event display and histogram creation using small datasets
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Research-oriented use cases

CERN Virtual Machines Simplified research-level analysis
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Independent theoretical research

New theoretical ideas… being already cited by 
LHC experiments
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Test-bed for new ideas

and much more



Fostering educational efforts: the case of ATLAS  
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How can we overcome distances and enable anyone interested in particle physics and 
interaction of radiation with matter to learn remotely? 

How can students replicate the procedures used at CERN? 

How can teachers improve their own lectures and science communication?

The ATLAS Collaboration at CERN launched an educational platform (opendata.atlas.cern) 
designed to help students and teachers foster educational efforts at both undergraduate 
and graduate levels. 

http://opendata.atlas.cern/
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Open data stored at the CERN portal and on the 
online webpage

Comes with codes written in C++ and Python, 
uproot,  pandas/numpy, pyROOT and RDataFrame, 
available on GitHub.

Interactive visual data analysis and notebooks 
Jupyter that allow one to get results online

Virtual machines that allow contains the operating 
system, software and data, and  containers Docker 
for a local interface.

Fostering educational efforts: the case of ATLAS  

http://opendata.cern.ch/
http://opendata.atlas.cern/
https://github.com/atlas-outreach-data-tools
http://opendata.atlas.cern/release/2020/documentation/visualization/
http://opendata.atlas.cern/release/2020/documentation/notebooks/intro.html
http://opendata.atlas.cern/release/2020/documentation/vm/index.html
https://hub.docker.com/r/atlasopendata/root_notebook
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Fostering educational efforts: the case of ATLAS  

Recreate the main LHC discoveries over the past 10 years of data-taking: 
find the heaviest top quark, or the Higgs boson in various final states



Fostering educational efforts: the case of ATLAS  

The audience

20



CERN Open Data incorporated into the curriculum of several universities.

Educational efforts using CERN Open Data
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Educational workshops and schools using ATLAS Open Data worldwide, including Argentina, 
Colombia, Ecuador, Mexico, Peru, Uruguay, and Venezuela.

Educational efforts using CERN Open Data
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Educational workshops and schools using ATLAS Open Data worldwide, including Argentina, 
Colombia, Ecuador, Mexico, Peru, Uruguay, and Venezuela.

Educational efforts using CERN Open Data
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Educational workshops and schools using ATLAS Open Data worldwide, including Argentina, 
Colombia, Ecuador, Mexico, Peru, Uruguay, and Venezuela.

Educational efforts using CERN Open Data
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CERN International Teachers Programme

Open Data Challenge

Educational efforts using CERN Open Data

Science education programs in Latin America:

LA-CoNGA
ICTP Physics Without Frontiers
CEVALE2VE (Centro de Altos Estudios de Altas 
Energías)
PPGCosmo
…



Making ATLAS Data from CERN 

Accessible to the General Public (2017)

Perspectivas y Evaluación de 

producción de Materia Oscura (2017)
Reconstrucción de masas invariantes de 

bosones del Modelo Estándar (2017)

Enabling Open Science with the 

ATLAS Open Data (2018)

A Contribution to ATLAS Open Data 

Collaboration at CERN (2019)

Measurements of top-quark pair 

production using ATLAS open data (2021)
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BSc and MSc theses using CERN Open Data

https://cds.cern.ch/record/2281684
https://cds.cern.ch/record/2291838
https://cds.cern.ch/record/2293251
https://cds.cern.ch/record/2630961
https://cds.cern.ch/record/2704159
https://diploma.ictp.it/students-(past-and-present).aspx


Open data hackatons
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Open data from CERN (each experiment having its own open data) has proven to be highly 
successful in outreach and education. 

The tools are designed to assist students and teachers and foster educational efforts at both 
undergraduate and graduate levels. 

I invite you to use them in your courses or mention their existence and potential use to your 
professors and teachers in their classes and science outreach efforts!

To start using CERN's open data, check out the tools and resources provided on the CERN 
Open Data portal, where access guides, analysis examples, and necessary software to process 
the data are offered.

https://opendata.cern.ch/

Summary

https://opendata.cern.ch/

