
CHEP 2024
21 October 2024

ATLAS Open Data
Bringing TeV collisions to the World

Giovanni Guerrieri (CERN) on behalf of the ATLAS Collaboration

https://www.google.com/url?q=https://indico.cern.ch/event/1338689/timetable/?view%3Dstandard%23509-open-data-at-atlas-bringin&sa=D&source=editors&ust=1729429113827328&usg=AOvVaw1ulOGqs8wsSVz0rHTAYW6n
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Which ATLAS Open Data?

Research

Education

See Zach’s talk

We talk about this!

https://www.google.com/url?q=https://indico.cern.ch/event/1338689/timetable/?view%3Dstandard%2371-the-first-release-of-atlas&sa=D&source=editors&ust=1729429114470193&usg=AOvVaw0b3sfieOAArKB89tyfX64d
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Accessibility
Make the data and the tools openly available for everyone to use, without technology, region, or knowledge restrictions

Usability
Different target audiences, with different backgrounds and skills must be able to use the data and tools for a wide range 
of learning objectives

Transferable expertise
Along with particle physics analysis and ATLAS learning objectives, provide skills in programming, software and 
machine learning

ATLAS Open Data releases for education are being used by several schools, universities, interested individuals, 
as well as in public events, masterclasses and international workshops

The datasets are used for an educational purpose only
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Our values
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Findable Data are assigned a globally unique and persistent identifier

Accessible Data are retrievable by their identifier using a standardized communications protocol

Interoperable Data or tools from non-cooperating resources are able to integrate or work together

Reusable Meta(data) are richly described with a plurality of accurate and relevant attributes
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The guiding principle

The FAIR principles

https://www.google.com/url?q=https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4792175/pdf/sdata201618.pdf&sa=D&source=editors&ust=1729429114514890&usg=AOvVaw04UP6azQqNYr8wFce1UlUi
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The guiding principle

One question missing: what is ATLAS Open Data for education?

Findable Where do I find ATLAS Open Data?

Accessible How do I use ATLAS Open Data?

Interoperable Where do I use ATLAS Open Data?

Reusable When can I use ATLAS Open Data?

The FAIR principles

https://www.google.com/url?q=https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4792175/pdf/sdata201618.pdf&sa=D&source=editors&ust=1729429114531182&usg=AOvVaw2oV0uJ0bnedfQeevHbHRnF
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A collection of data
Gathered by the ATLAS detector in its data acquisition runs, together with the 
associated Monte Carlo simulations, including systematic uncertainties

Three releases:
● 8 TeV (2016): 1fb-1 of data ( ~4.5% of 2012 data , ~6GB)

● 13 TeV (2020): 10fb-1 of data ( ~30% of 2016 data , ~150GB)

● 13 TeV (2024): 36fb-1 of data

The datasets
Includes calibrated and simplified information about the reconstructed physics 
objects

Labels matter
Notice the “for education” label in the plot title

Come with extensive documentation, tutorials and resources to make data usable

Enable users to experience the analysis of particle-physics data in educational 
environments
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What is ATLAS Open Data for education?

Example of analysis performed with the 2020 release for education

Coming soon!

https://www.google.com/url?q=https://cds.cern.ch/record/2624572&sa=D&source=editors&ust=1729429114558135&usg=AOvVaw0PZw9eoTa7PpnhHgZZIltJ
https://www.google.com/url?q=https://cds.cern.ch/record/2707171&sa=D&source=editors&ust=1729429114558280&usg=AOvVaw2-4p_4IxcCedc0FV-WEH5I
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Where do I find ATLAS Open Data?
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Where do I find ATLAS Open Data?

The ATLAS Open Data website
https://opendata.atlas.cern

Provides information, tutorials and instructions on 
the data

The CERN Open Data Portal
https://opendata.cern.ch 

Hosts the samples, together with basic information

● 8 TeV (2016): ~O(10GB)

● 13 TeV (2020)

● 13 TeV (2024) Coming soon!

https://www.google.com/url?q=https://opendata.atlas.cern&sa=D&source=editors&ust=1729429114701861&usg=AOvVaw1iuKsN7iZ4cwKFmxpPAJjP
https://www.google.com/url?q=https://opendata.cern.ch&sa=D&source=editors&ust=1729429114702922&usg=AOvVaw1eS2V8vgPXuzigDEUm6CUA
https://www.google.com/url?q=https://opendata.cern.ch/search?q%3D2016%2520ATLAS%2520open%2520data%2520release%2520%26f%3Dcollision_energy%253A8TeV%26f%3Dexperiment%253AATLAS%26f%3Dtype%253ADataset%26l%3Dlist%26order%3Dasc%26p%3D1%26s%3D10%26sort%3Dbestmatch&sa=D&source=editors&ust=1729429114703487&usg=AOvVaw17VHN2T_G-oKfqJmIEJaUM
https://www.google.com/url?q=https://opendata.cern.ch/search?q%3Datlas%25202020%2520open%2520data%2520release%26f%3Dexperiment%253AATLAS%26f%3Dondemand%253Aondemand%26f%3Dtype%253ADataset%26l%3Dlist%26order%3Dasc%26p%3D1%26s%3D10%26sort%3Dbestmatch&sa=D&source=editors&ust=1729429114703681&usg=AOvVaw1UDuI-W4xwHm4MWiE_HyZR
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How do I use ATLAS Open Data?
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How do I access and analyse data?
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Qualitative exploration of data

Histogram analysers constitute an interactive and intuitive web based tool for fast, cut-based analysis of data. 
Visualise the data using online histograms

Currently available: 
● Higgs boson decaying into two W bosons
● Associated production of a top-quark-pair and a Z boson

Coming soon:
● Higgs boson decaying into two Z bosons
● Dark matter searches in the dilepton channel
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How do I use ATLAS Open Data?

No technical knowledge required ✅

Introduction to the studied process ✅

Step-by-step explanation ✅

Advanced contents ❌

https://www.google.com/url?q=https://opendata.atlas.cern/docs/visualization&sa=D&source=editors&ust=1729429115246417&usg=AOvVaw3T0Y6C7Zu2NCg9jl3g8eA2
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Interactive analysis

We’ve built a set of Jupyter notebooks that allow data analysis to be 
performed directly in a web browser

● We list and summarise the tutorials in our website

● The notebooks are available in our GitHub repository

● Several analysis examples targeting different users, with different 
expertise and interests

● Different frameworks, to adapt to everyone’s interest:
○ C++

○ Python

○ RDataFrame

○ Uproot/Coffea

Video tutorials also available
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How do I use ATLAS Open Data?

https://www.google.com/url?q=https://jupyter.org/&sa=D&source=editors&ust=1729429115447138&usg=AOvVaw3CmCFlhjue8qRhd7dq-NuX
https://www.google.com/url?q=https://opendata.atlas.cern/docs/category/analysis-notebooks&sa=D&source=editors&ust=1729429115447464&usg=AOvVaw1kGZ7I4caEA3FTLA9F563O
https://www.google.com/url?q=https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata&sa=D&source=editors&ust=1729429115447746&usg=AOvVaw0xKGCliXSKe4RNYz4e8eRy
https://www.google.com/url?q=https://opendata.atlas.cern/docs/videotutorials/overview&sa=D&source=editors&ust=1729429115448892&usg=AOvVaw0B-pEyYEv_2UFokALN26yE
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Where do I use ATLAS Open Data?
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Which platforms / frameworks integrates with ATLAS Open Data?
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Where do I use ATLAS Open Data?

Online

Hybrid

Require internet access

Can be run online and offline*

*Internet connection is required in order to 
download material at the beginning

Docker containers

Virtual Machines

Analysis Facilities

https://www.google.com/url?q=https://opendata.atlas.cern/docs/13TeVDoc/enviroments/hybrid&sa=D&source=editors&ust=1729429115747340&usg=AOvVaw3lQDr8tP4HfvWDSkI0azKv
https://www.google.com/url?q=https://opendata.cern.ch/record/15008&sa=D&source=editors&ust=1729429115748570&usg=AOvVaw0CWVkzapogdvjM7aPq7jdd
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Where do I use ATLAS Open Data?

Available at the click of a button ✅

Data persistence ✅

No account restrictions ❌

No timeout time for sessions ✅

Spawn time <1min ✅

Change easily the software stack ✅

✅ Available at the click of a button 

❌ Data persistence 

✅ No account restrictions

❌ No timeout time for sessions (1 CPU-h max)

✅ Spawn time ~O(min)

❌ Change easily the software stack 

Online platforms

Swan/Binder platforms: very useful for setting up a quick and individual workspace

Documentation and tutorials on our website

Need to re-build the underlying image

https://www.google.com/url?q=https://opendata.atlas.cern/docs/13TeVDoc/enviroments/online&sa=D&source=editors&ust=1729429115882508&usg=AOvVaw2r0IvIdH78YfCHYorMfJkO
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Where do I use ATLAS Open Data?

Available at the click of a button ✅

Data persistence ✅

No account restrictions ✅

No timeout time for sessions ✅

Spawn time <1min ✅

Change easily the software stack ✅

Online platforms (ctd.)

Other analysis facilities: the ESCAPE Virtual Research Environment

Platform similar to SWAN integrated with additional resources:

● Data management: Rucio

● Reproducibility/Re-analysis: Reana

● Results/publications repository: Zenodo

Anyone can create an account! 

See Enrique’s talk

https://www.google.com/url?q=https://vre-hub.github.io/&sa=D&source=editors&ust=1729429115952613&usg=AOvVaw02QMRmwfHicsvAjNBGbdpN
https://www.google.com/url?q=https://rucio.github.io/&sa=D&source=editors&ust=1729429115952786&usg=AOvVaw2ofPVqgqejYzkXFPm2Ieil
https://www.google.com/url?q=https://docs.reana.io/&sa=D&source=editors&ust=1729429115952864&usg=AOvVaw26OfFPFdKK39qpBraw_Ix2
https://www.google.com/url?q=https://zenodo.org/&sa=D&source=editors&ust=1729429115952921&usg=AOvVaw0EjMaLerVmddkRi_y63cdp
https://www.google.com/url?q=https://indico.cern.ch/event/1338689/timetable/?view%3Dstandard%23124-data-discovery-analysis-an&sa=D&source=editors&ust=1729429116129381&usg=AOvVaw1dYTPjlwT23GAxmNwmo5A4
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When can I use ATLAS Open Data?
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When can I use ATLAS Open Data?

Whenever you like.

Data is not going anywhere

What could go wrong then?

Several factors can affect usability, e.g.:

● Data changes location or gets corrupted

● Analysis tools are outdated or use deprecated dependencies

● Documentation is not available/up to date

● Users experience access restrictions

● Team does not have enough personpower to maintain 
everything

We need all the resources to be concurrently available and 
functioning
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Best practices to foster usability

How do we ensure usability through time?

● Manage code in versioned repositories

● Package the analysis environment in software containers

● Document everything from the start

● Define easily reusable workflows

● Use continuous, automated testing
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Serving Open Data for Education since 2016
● Beyond data, many resources, tutorials and examples are available.
● Widely used by several institutions for trainings, workshops, 

masterclasses

New 13 TeV open data release coming soon
● What to do with the 2020 release?

New possibilities with Open Data for Research
● In the process of finding synergies and complementarities
● Beginning to plan a workshop / hackathon

Monitoring and watching
● Continue collecting usage statistics and conducting user surveys

Keep improving the documentation
● Data is nothing without knowing how to use it

New examples and community contributions
● We are not only creating our own material, but also collecting 

examples developed in projects around the world.
Do you have a notebook/project that you want to share? 20

What’s next

Contact us!

https://www.google.com/url?q=https://opendata.atlas.cern/contact-us&sa=D&source=editors&ust=1729429116640693&usg=AOvVaw2BDHVx5BoQlFQbejUS5R9D
https://www.google.com/url?q=https://opendata.atlas.cern/contact-us&sa=D&source=editors&ust=1729429116640841&usg=AOvVaw1I5no2JQUwQxh_2tBM-oMY
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Thank you!
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Backup
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How do we produce ATLAS Open Data? (2024 edition)

ATLAS Open 
Data for research

PhysLiteTo
OpenData

ATLAS Open Data 
for Education ntuples

Skimming 
code

1lep

2lep

3lep

1largeRjet1lep

1lep1tau

GamGam
….

~65TB

~1TB

~O(10GB)

DISCLAIMER: This diagram is related to the 2024 release, coming soon.
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The PHYSLITE format

A new reduced common data format for ATLAS

● Reduced File Size: PHYSLITE targets a file size of 10 kB per event for data and 12 kB for MC, a 
60%-80% reduction compared to previous formats (DAOD_PHYS are ~30-50 kB in size)

● CPU Efficiency: 25% reduction in CPU usage compared to previous models

● Unskimmed and Monolithic: one-size-fits-all solution, fitting various use cases with no need for 
multiple versions

● Direct Analysis Capability: PHYSLITE can be analysed directly, no need for flat n-tuples and further 
reducing storage demands

The current file sizes (in kB per event) for PHYS and PHYSLITE for various data and MC campaigns
Work is ongoing to reduce the size of PHYSLITE further.

https://www.google.com/url?q=https://cds.cern.ch/record/2870350/files/ATL-SOFT-PROC-2023-029.pdf&sa=D&source=editors&ust=1729429116736220&usg=AOvVaw32mWmlqfKTR5vVLjTZCBoX
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Where do I use ATLAS Open Data?

Hybrid platforms

Docker containers: robust, replicable environment

Image available on the github registry

Documentation and tutorials on our website

No internet required (after pulling the container and the data) ✅

Data persistence ✅

Do not need prerequisites ❌

No timeout time for sessions ✅

Spawn time <1min ✅

Software stack choice ❌

Relies on local computational resources ⚠

https://www.google.com/url?q=https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/pkgs/container/notebooks-collection-opendata&sa=D&source=editors&ust=1729429116908372&usg=AOvVaw389oGymEBVgoi9oHAixTjQ
https://www.google.com/url?q=https://opendata.atlas.cern/docs/13TeVDoc/enviroments/hybrid&sa=D&source=editors&ust=1729429116908532&usg=AOvVaw0GHQ6sgY6c2BHKvObE74Oz
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Where do I use ATLAS Open Data?

“Offline” platforms

Virtual Machines: download it and use it or put it in a USB key and take 
it where you want

e.g. Image available on the opendata portal

Plug ‘n play ✅

Data persistence ✅

Do not need prerequisites ❌

Larger overhead ☢

No timeout time for sessions ✅

Spawn time ~O(min) ✅

Software stack available ❌ 

https://www.google.com/url?q=https://opendata.cern.ch/record/15008&sa=D&source=editors&ust=1729429117000869&usg=AOvVaw24XOVtsWLA64P--lNat3H7

