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Introduction

• How can we overcome geographical distances and allow anyone interested 

in experimental particle physics to learn remotely?

✓ ATLAS Collaboration launched a comprehensive educational platform to guide 

university-level students and teachers on how to use the data and analysis tools 

✓ Provide a straightforward interface to replicate the procedures used by high-energy-

physics researchers and enable users to experience the analysis of particle physics 

data in educational environments 2

http://opendata.atlas.cern/


ATLAS Open Data
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• What is the aim of ATLAS Open Data?

▪ provide data and tools to high school, undergraduate and graduate students

▪ help education in physics analysis techniques used in experimental HEP

▪ ATLAS Open Data has been incorporated into curriculums of multiple universities 

in Belgium, Canada, Colombia, Greece, Germany, Norway, Poland, Portugal, Spain, 

Sweden, Switzerland, UK, USA, Venezuela and others

▪ featured in ATLAS blog and news

• ATLAS Data Access Policy:

▪ ATL-CB-PUB-2015-001: sets out the guidelines regarding open access to ATLAS 

data by non-ATLAS members with a focus on education, training and outreach

https://atlas.cern/tags/open-data
https://cds.cern.ch/record/2002139?ln=en


• 13 TeV ATLAS Open Data: 

✓ 61 runs from the first 4 periods of the 2016 proton-

proton data-taking

✓ releasing to the public 10 fb-1 of pp collision 

data (~ 270 million collision events)

• Events are selected by applying several event-quality and trigger criteria, 

and classified according to the type and multiplicity of reconstructed objects

✓ subjected to a loose event preselection to reduce processing time

Overview of the 13 TeV ATLAS Open Data
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• 13 TeV ATLAS Open Data reconstructed objects contain: 

▪ electrons, muons, photons, hadronically decaying tau-leptons, small-R jet and 

large-R jet candidates (and MET) reconstructed with the ATLAS detector

Overview of the 13 TeV ATLAS Open Data
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• Selected events classified into separate final-state collections

• depending on the number of final state objects and their energy, and 

triggers used (single-lepton, diphoton,..)

Overview of the 13 TeV ATLAS Open Data
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Also MC simulation samples describing several SM processes used to model the expected 

distributions of different signal and background events (top quark pair, single top quark, 

Z+jets, W+jets, WW/WZ/ZZ, SM Higgs and BSM signals)

Overview of the 13 TeV ATLAS Open Data
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• both data and MC provided in a simplified data format reducing the information 

content of the original data analysis format used within ATLAS 

• ROOT tuple with more than 80 branches, optimised to reduce the complexities 

encountered in a full-scale analysis (~150 GB of storage)

Overview of the 13 TeV ATLAS Open Data
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13 TeV ATLAS Open Data physics analysis examples

• 12 examples of physics analysis using 13 TeV ATLAS Open Data

▪ inspired and following as closely as possible the procedures and selections taken 

in already published ATLAS Collaboration results
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Analyses Physics processes Purpose

4 high statistics W→lν, Z→(ee/μμ), ττ

top-quark-pair

high event yields to study the 

SM processes in detail

13 TeV ATLAS Open Data physics analysis examples
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Using ATLAS Open Data, you can re-create the major particle 

discoveries of the late 20th century: the Z-boson, W-boson and top quark



Analyses Physics processes Purpose

3 low statistics Single-top-quark,

WZ and ZZ diboson

illustrate the statistical limitations of 

the released dataset

13 TeV ATLAS Open Data physics analysis examples
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Educational test-bed for new data-analysis techniques, e.g. kinematic fitting, 

multivariate discrimination and machine learning tasks



Analyses Physics processes Purpose

2 BSM physics SUSY,

heavy boson

searching for new physics using 

different physics objects

13 TeV ATLAS Open Data physics analysis examples
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Evaluation of the impact of different sources of systematic uncertainties 

is one of the new tasks that is available with the 13 TeV datasets



Analyses Physics processes Purpose

3 Higgs boson H→WW, H→ZZ

H→γγ

“re-discover” the production of 

the SM Higgs boson

13 TeV ATLAS Open Data physics analysis examples
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“Re-discover” the SM Higgs boson in different final-state scenarios! 



13 TeV ATLAS Open Data software
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• But how?

✔ The 13 TeV ATLAS Open Data is hosted on the CERN Open Data online 

portal and ATLAS Open Data online portal

✔ Is accompanied by a set of analysis frameworks, written in C++ and interfaced 

with ROOT, Python uproot and pandas/numpy, pyROOT and RDataFrame, 

publicly available in a GitHub repository.

✔ The frameworks implement the protocols needed for reading the datasets, making 

an analysis selection, writing out histograms and plotting the results.

✔ During this workshop, you will get familiar with all the frameworks, both 

written in C++, PyRoot and RootDataFrame

http://opendata.cern.ch/
http://opendata.atlas.cern/
https://github.com/atlas-outreach-data-tools
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