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The ATLAS Experiment

● ATLAS is one of the two general 
purpose experiments at the Large 
Hadron Collider

○ Looking for all kinds of physics, with a special 
emphasis on Higgs and Beyond Standard 
Model physics

● Physics analyses require hundreds of 
petabytes of data storage and hundreds 
of thousands of CPUs for running 
millions of lines of C++ code

● The ATLAS OpenData Project attempts 
to bring a glimpse into this for students 
and non-physicists in general

2

https://atlas.cern/
https://home.cern/science/accelerators/large-hadron-collider
https://home.cern/science/accelerators/large-hadron-collider
http://opendata.atlas.cern/
https://atlas.cern/Resources/Schematics


ATLAS Data / Software in Numbers

● ATLAS collected ~4 PB of RAW data 
so far

○ Plot includes data replication 😉
● The reconstructed / pre-processed 

analysis data takes up >100 PB of 
space

● The ATLAS reconstruction / simulation 
/ common analysis software is ~4 
million lines of C++

○ The installed size of the software, with all of 
its “dependencies”, is O(10) GB

● Neither of this is trivial to 
communicate to the public…

3

https://gitlab.cern.ch/atlas/athena
https://gitlab.cern.ch/atlas/athena


ATLAS Data in Education / Outreach
● Making (some of) ATLAS’s data public has 

multiple benefits
○ Exposing students to this data, and the method of 

data analysis used in the experiment, helps with 
raising interest in our field

○ It provides resources to teach transferable skills 
in programming and analysis techniques

○ The data and software can help teachers when 
talking about modern high-energy physics

○ In the long term it should improve the scientific 
literacy of the public

○ Our governments and scientific funders are 
extremely pleased with the effort made by our 
experiment to make data and educational 
resources available to the public
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What is ATLAS OpenData?
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● Consists of 2 “campaigns”
○ 1 fb-1 of 8 TeV data
○ 10 fb-1 of 13 TeV data
○ Both with accompanying Monte Carlo 

datasets

● Data and MC pre-selected with 
different filters for different use-cases

○ To allow using a much smaller dataset in 
certain situations, for simpler analyses / 
demonstrations

http://opendata.atlas.cern/samples-8tev/
http://opendata.atlas.cern/samples-13tev/
http://opendata.atlas.cern/release/2020/documentation/datasets/files.html
http://opendata.atlas.cern/data/


What is ATLAS OpenData?

● Stored in a “flat ROOT ntuple format”, 
calibrated and simplified information 
about the reconstructed high level 
objects

○ With simplified information for taking 
systematic uncertainties into account on 
the properties of the objects

● Generated with the help of one of 
ATLAS’s “analysis frameworks”

○ Since ATLAS physicists are expected to 
perform some calibrations themselves

○ Different frameworks actually used for the 8 
TeV and 13 TeV datasets
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https://cds.cern.ch/record/2707171
https://cds.cern.ch/record/2707171


ATLAS OpenData Software

● Analysis code is provided with the 
data to help with its usage

○ Both in online Jupyter Notebooks;
○ and in downloadable VMs preloaded with 

all software needed for the analysis

● Different methods provided to support 
online/offline clients with different 
level of “analysis complexity”

● Also working on providing the 
examples in the form of Docker 
containers
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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
https://hub.docker.com/r/atlasopendata/root_notebook
http://opendata.atlas.cern/apps/


ATLAS OpenData Software

● With a solid internet connection using 
Jupyter notebooks, without 
downloading anything, can be a good 
option

● Local VMs with locally downloaded 
data can be used in a completely 
offline environment as well

● Docker containers can combine the 
two, presenting a notebook interface 
on top of a locally running web service
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http://opendata.atlas.cern/release/2020/documentation/notebooks/intro.html


Experience in Outreach

● Many ATLAS collaborators use the Open Data in their BSc and MSc programmes, 
in courses such as particle physics, programming courses, and advanced labs. 

● We have excellent feedback from many institutes!
● It has also been used by trainers in countries that are not part of the ATLAS 

Collaboration

9Training in Venezuela, Argentina, Uruguay, Honduras, Peru 
and many others in Latin America

Online course in particle physics and machine 
learning at the Royal University of Bhutan



Co-Creation

● We worked with many secondary school students, 
interns, CERN summer students, and BSc students to 
co-create many of the resources.

● Our methods included content creation, testing, peer 
review between students, and feedback. 

● This helped us to check the level was appropriate for 
different age groups, and we validated the tools and 
software, and created new analyses frameworks.

● We did this in various geographic locations where high 
speed internet is not common-place, or powerful 
computers, to understand the limitations and make our 
data and resources accessible to all.

● Great way for students to learn about particle physics, 
analysis techniques, and genuinely contribute to high 
level efforts.
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Future OpenData

● ATLAS is in the process of changing its 
analysis data formats to some level

○ See Caterina’s presentation on Thursday for some 
of the details

● The DAOD_PHYSLITE format, meant for 
HL-LHC ATLAS analyses, is being 
investigated as the starting point for the next 
ATLAS OpenData release

○ It will make the preparation of the public data a lot 
easier this time around

○ Which will help us to implement the policy agreed 
on in 2020

● Data formats other than ROOT ntuples are 
being considered

○ But it is unlikely that a different format would be 
used in the end 11

https://indico.jlab.org/event/459/timetable/?view=standard#419-optimizing-atlas-data-stor
https://doi.org/10.1051/epjconf/202024506014
https://hilumilhc.web.cern.ch/
https://cds.cern.ch/record/2745133
https://cds.cern.ch/record/2745133
https://root.cern/manual/trees/
https://cds.cern.ch/record/2745133
https://cds.cern.ch/record/2745133


Summary

● Both open releases of ATLAS’s data proved very successful in outreach
○ Many schools used it over the years to engage high-school and university students

■ Was even used in some BSc / MSc theses!
○ Was a great help in involving students from all over the world

● The software associated with the datasets continues to be improved
○ With the involvement of the students themselves in the process
○ Embracing new technologies with the software (Jupyter notebooks, Docker containers), which are 

not even used by all ATLAS analyzers at this point

● A future data release is in planning
○ The infrastructure developed for it will hopefully be usable for data releases afterwards as well
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http://home.cern 
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http://home.cern

