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Let’s unpack this

Open Data for Research
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Let’s unpack this

Open Data for Research

Public, licensed, 
documented, FAIR

Understandable, light, 
useful format

Can be used for 
scientific publications

https://en.wikipedia.org/wiki/FAIR_data
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Let’s unpack this

Open Data for Research

Public, licensed, 
documented, FAIR

Understandable, light, 
useful format

Can be used for 
scientific publications

This talk: what we’re doing, when, why, how, and a bunch of fun facts

https://en.wikipedia.org/wiki/FAIR_data
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A Brief Introduction to Open Data
● The Data Preservation for HEP (DPHEP) Collaboration defined four levels of open data

1. Yep, we do that all the time! Plot records, HepData, Rivet analyses…
2. We’ve been doing that for years as well! Previous open data (8 TeV, 13 TeV) widely used 

for education and outreach: more in Giovanni’s talk
3. This is what we’re talking about today
4. Being preserved, but will not be released. 50 PB/year in Run 3 in a complex format, huge 

resources required for processing — not useful to the public (even expert public).

https://arxiv.org/pdf/1205.4667.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-05
https://www.hepdata.net/record/ins2758009
https://rivet.hepforge.org/rivet-coverage#atlasexpt
https://opendata.atlas.cern/docs/category/8-tev-tutorials-for-education
https://opendata.atlas.cern/docs/category/13-tev-tutorials-for-education
https://atlas.cern/updates/blog/open-data-in-classrooms
https://atlas.cern/updates/blog/open-data-in-classrooms
https://indico.cern.ch/event/1338689/timetable/?view=standard#509-open-data-at-atlas-bringin
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Open Data for Research
● We have lots of bespoke datasets for targeted research applications

○ Top jet tagging, Fast Simulation training, BSM BDT training, …
○ Kaggle Challenges: Higgs boson ML Challenge, TrackML Challenge

● Four large LHC experiments agreed to release data for general research use
● ATLAS Schedule:

25% of Run 2 50% of Run 2

50% of Run 325% of Run 3 25% of Run 4

50% of Run 4

“... and no more than 20% of the data 
available to the collaboration…”

(will cap our output in the 2030s)

https://opendata.cern.ch/record/80030
https://opendata.cern.ch/record/15012
https://opendata.cern.ch/record/28100
https://opendata.cern.ch/record/328
https://www.kaggle.com/c/trackml-particle-identification
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What’s the Goal?
● All the goals of Outreach and Education open data

○ Democratic access, education and inspiration of future scientists
● These Open Data meet research standards — can be used for scientific papers
● Would love for excited researchers to use this as a step towards collaboration

○ Particularly if they want access to the full dataset
● This is also a step towards data preservation

○ Open data represents the minimum level of long-term support for data
○ If in 2040 we can no longer reconstruct Run 2 data, at least we have open data

More on the web

https://openscience.cern/open-data
https://openscience.cern/open-data
https://openscience.cern/open-data
https://openscience.cern/open-data
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● All the goals of Outreach and Education open data

○ Democratic access, education and inspiration of future scientists
● These Open Data meet research standards — can be used for scientific papers
● Would love for excited researchers to use this as a step towards collaboration

○ Particularly if they want access to the full dataset
● This is also a step towards data preservation

○ Open data represents the minimum level of long-term support for data
○ If in 2040 we can no longer reconstruct Run 2 data, at least we have open data

Open question: is this realistic?

More on the web

https://openscience.cern/open-data
https://openscience.cern/open-data
https://openscience.cern/open-data
https://openscience.cern/open-data
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What did we Release?
● 2015+2016 Run 2 pp collision data

○ 45 TB of data, 6.3 kB/event, 7.1B events, 
55k files in ~300 runs

○ 20 TB of MC, ~10 kB/event, 2B events, 
16k files in ~300 MC datasets

● Explanation of our nomenclature
● Giant tables of metadata

○ Cross sections, k-factors, filters / 
efficiencies, processes, how to combine 
samples, configurations, …

● PHYSLITE (ROOT-based) format
○ Already columnar — Uproot friendly
○ Used for our own papers too

● Pre-calibrated (first for ATLAS)
○ Just draw a plot!

● Extensive effort to document variables
● Useful documentation for us as well!

More on the web

More on the web

More on the web

https://opendata.atlas.cern/docs/data/for_research/data_access#file-naming-convention
https://opendata.atlas.cern/docs/data/for_research/metadata
https://atlas.cern/Updates/Physics-Briefing/ZZ-PHYSLITE
https://opendata.cern.ch/record/80001
https://opendata.cern.ch/record/80001
https://atlas-physlite-content-opendata.web.cern.ch
https://atlas-physlite-content-opendata.web.cern.ch
https://atlas-physlite-content-opendata.web.cern.ch
https://atlas-physlite-content-opendata.web.cern.ch
https://opendata.atlas.cern/docs/data/for_research/metadata
https://opendata.atlas.cern/docs/data/for_research/metadata
https://opendata.cern.ch/record/80001
https://opendata.cern.ch/record/80001
https://opendata.cern.ch/record/80001
https://opendata.cern.ch/record/80001
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What is the Right License?
● We want our Open Data to be usable for everyone
● We want people to cite us when they use our Open Data
● What’s the right License to choose?

https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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What is the Right License?
● We want our Open Data to be usable for everyone
● We want people to cite us when they use our Open Data
● What’s the right License to choose?

+
More on the web

https://opendata.atlas.cern/docs/documentation/ethical_legal/citation_policy
https://opendata.atlas.cern/docs/documentation/ethical_legal/citation_policy
https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/publicdomain/zero/1.0/
https://opendata.atlas.cern/docs/documentation/ethical_legal/citation_policy
https://opendata.atlas.cern/docs/documentation/ethical_legal/citation_policy
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Software to Use Them
● Athena is already open-source
● cvmfs distributions available

○ Great for folks who know what this is
● Containers are available

○ Great for tutorials, already in use
○ For some applications these are huge
○ Through cvmfs we currently distribute 

138 GB of PDFs for event generation
● For notebooks, lots of resources

○ Also binder and so on to run on
● Making public an ntuple maker

○ Based on our analysis tutorial
○ Exactly the example used to create the 

education and outreach open data
● Analysis code is ~never public (!)

○ All examples are custom — no real code 
has been shared to date

○ (It is preserved, sometimes well)

More on the web

More on the web

https://gitlab.cern.ch/atlas/athena
https://gitlab.cern.ch/atlas/athena/container_registry
https://opendata.atlas.cern/docs/13TeVDoc/13tutorial
http://mybinder.org
https://ep-news.web.cern.ch/content/extending-atlas-physics-reach-analysis-reuse-technology
https://opendata.atlas.cern/docs/13TeVDoc/13tutorial
https://opendata.atlas.cern/docs/13TeVDoc/13tutorial
https://atlas.cern/updates/news/open-software-release
https://atlas.cern/updates/news/open-software-release
https://opendata.atlas.cern/docs/13TeVDoc/13tutorial
https://opendata.atlas.cern/docs/13TeVDoc/13tutorial
https://atlas.cern/updates/news/open-software-release
https://atlas.cern/updates/news/open-software-release
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Event Displays
● With Phoenix we have an in-browser 

interactive event display
○ Detector geometry exploration too!

● Providing lots of examples for users to 
play with (SM and BSM, MC and real)

● Light python script to go from PHYSLITE 
or education ntuple to Phoenix input
○ Users can make event displays out of 

any event they wish!
○ Minimal infrastructure — don’t need any 

ATLAS software or containers More on the web

https://phoenixatlas.web.cern.ch/PhoenixATLAS/
https://opendata.atlas.cern/docs/tutresearch/phoenix
https://opendata.atlas.cern/docs/tutresearch/phoenix
https://opendata.atlas.cern/docs/tutresearch/phoenix
https://opendata.atlas.cern/docs/tutresearch/phoenix
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Documentation!
● We’ve constructed “paths” through the Open Data for different kinds of users

More on the web

https://opendata.atlas.cern/docs/category/get-started
https://opendata.atlas.cern/docs/category/get-started
https://opendata.atlas.cern/docs/category/get-started
https://opendata.atlas.cern/docs/category/get-started
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Documentation!
● We’ve constructed “paths” through the Open Data for different kinds of users
● The eventual goal is to have a web of paths that satisfy many users and interests

○ Independent modules for specific learning objectives (hours – months)
○ Chains for folks that want to go ‘end to end’
○ Connections for folks who want to go ‘one step deeper’

Statistics

Machine Learning

Open Data for Research 
+ Metadata

Event Displays

Higgs Discovery

“Simple” Ntuple 
Maker

Open Data for 
Education & Outreach

Full ATLAS Analysis 
Tutorial

Intermediate Formats 
like ours

SM AnalysisSM AnalysisSM AnalysisSM Analysis

BSM AnalysisBSM AnalysisBSM Analysis
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Documentation: How to Write an Analysis
● Jupyter Notebooks are fantastic for fast-uptake documentation and examples
● Once they want something sufficiently complex, there’s no (easy) option:

○ We send users to our real analysis software tutorial
● Have not yet found a great way to bridge these two worlds

○ Perhaps this will happen naturally if our analyses evolve to be more notebook-like?

More on the web

More on the web

https://opendata.atlas.cern/docs/tutresearch/physlitetut
https://opendata.atlas.cern/docs/tutresearch/physlitetut
https://atlassoftwaredocs.web.cern.ch/analysis-software/ASWTutorial/
https://atlassoftwaredocs.web.cern.ch/analysis-software/ASWTutorial/
https://opendata.atlas.cern/docs/tutresearch/physlitetut
https://opendata.atlas.cern/docs/tutresearch/physlitetut
https://atlassoftwaredocs.web.cern.ch/analysis-software/ASWTutorial/
https://atlassoftwaredocs.web.cern.ch/analysis-software/ASWTutorial/
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Documentation: The Really Hard Part
● The hardest part of an analysis is understanding 

and calculating systematic uncertainties
● Explaining how to do this in an approachable way 

is extraordinarily difficult and important

● Evergreen documentation of concepts
○ Useful for our students as well!
○ Can be integrated into our tutorials

● Technical documentation for code
○ Momentarily matches internal documentation until 

we move on (except CERN-specifics, Grid use…)
○ Needs to be fool proof to avoid science problems
○ Good examples are a huge help here

● Related documentation we haven’t written yet: 
what you cannot do
○ Things our systematics don’t cover
○ Things our datasets / simplification don’t permit

More on the web

https://opendata.atlas.cern/docs/documentation/systematics
https://opendata.atlas.cern/docs/documentation/systematics
https://en.wikipedia.org/wiki/Here_be_dragons
https://opendata.atlas.cern/docs/documentation/systematics
https://opendata.atlas.cern/docs/documentation/systematics
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Resources for Open Data
● Who pays for resources?
● CERN’s Open Data Portal, storage, support 

provided by CERN IT
○ Is this a ‘host lab responsibility’? Long-term?

● CERN only providing open storage
○ CERN users have access to standard 

resources (notebooks, etc)
○ Security and abuse concerns with providing 

CPU to ‘any’ user
● CPU is critical to equitable open data

○ We cannot expect people to have network, 
local storage, local CPU, …

○ Notebooks with a web interface might work?
● A few sites are trying to provide CPU

○ UNL has done a great job
● Trying to provide instructions for commercial 

cloud resources (second copy of data too?)

More on the web

More on the web

https://coffea-opendata.casa/
https://opendata.atlas.cern/docs/tutresearch/physlitetut
https://opendata.atlas.cern/docs/tutresearch/physlitetut
https://coffea-opendata.casa/
https://coffea-opendata.casa/
https://opendata.atlas.cern/docs/tutresearch/physlitetut
https://opendata.atlas.cern/docs/tutresearch/physlitetut
https://coffea-opendata.casa/
https://coffea-opendata.casa/
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How are Users Finding Us?
● How many entry points do we have?

○ ATLAS news articles
○ CERN news articles
○ YouTube videos, Tweets, Reels, …
○ ATLAS Open Data website
○ Individual Open Data records
○ …

● Documentation that can’t be found is 
wasted effort!
○ Duplicate documentation is painful and risks 

inconsistencies and other major problems…

● Single Open Data Portal ‘entry’ record

● Everything redirecting to the ATLAS Open 
Data Website

https://atlas.cern/Updates/News/Open-Data-Research
https://opendata.cern.ch/docs/atlas-open-data-for-research-release-2024
https://www.youtube.com/watch?v=r83e1FJOxqg
https://opendata.atlas.cern
https://opendata.cern.ch/record/80020
https://opendata.cern.ch/record/80020
https://opendata.atlas.cern
https://opendata.atlas.cern
https://www.archdaily.com/893076/apparently-all-roads-do-lead-to-rome
https://www.youtube.com/watch?v=r83e1FJOxqg
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User Support
● Open Data Forum at CERN

○ Social media login allowed
○ Harder to track who’s there to help 

(who is tracking the relevant issues)
● Issues / Pull Requests on GitHub

○ GitLab requires CERN account
● Several egroups dedicated to help

○ Within ATLAS and within CERN
○ Harder to track answers — Did we cc 

an expert? Did something get 
answered off-list?

● Asking expert users to come to our 
meetings and give feedback
○ IRIS-HEP summer students, e.g.

● Have to meet the users where they are!
○ If someone asks for help on Reddit, we 

should find it and answer

More on the web

https://opendata-forum.cern.ch
https://indico.cern.ch/event/1457433/contributions/6135761/attachments/2928285/5143898/PHYSLITE_AGS_ATLAS_TALK.pdf
https://opendata-forum.cern.ch
https://opendata-forum.cern.ch
https://opendata-forum.cern.ch
https://opendata-forum.cern.ch
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Advanced User Support
● Significant discussion in the collaboration 

about effort for support — “What Ifs”
○ What if someone requests an SM sample?
○ What if someone wants to run their own 

(BSM?) MC?
○ What if someone needs help with a tool?
○ What if someone publishes a paper that 

requires a response?
● Agreed on ‘best effort’ volunteer support
● Point of concern to be watched

○ Need to ensure that we don’t need 
Sherpas to guide all Open Data users

○ Shouldn’t waste significant effort, but it’s 
ok to spend effort that helps us too

● Hoping to connect with expert users via 
Short Term Associations
○ Become ‘insiders’ for specific projects The ATLAS Mountain Range

https://atlas.cern/Discover/Collaboration/External-Collaboration
https://whatsondisneyplus.com/marvels-what-if-season-2-release-window-revealed-season-3-confirmed/
https://whatsondisneyplus.com/marvels-what-if-season-2-release-window-revealed-season-3-confirmed/
https://www.markhorrell.com/blog/2015/toubkal-and-ouanoukrim-a-high-atlas-winter-wonderland/
https://www.markhorrell.com/blog/2015/toubkal-and-ouanoukrim-a-high-atlas-winter-wonderland/
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Tracking Open Data Usage: Key Performance Indicators
● Research output KPIs

○ Now tracking citations via DOI and URL
○ Indications this is not well reported (tools?)

● Repository / code tracking KPIs
○ Watches / forks / stars

● Website KPIs
○ Clicks, website search results

● Direct Data KPIs
○ Downloads, remote reads, reads from eos
○ These require pretty good infrastructure 

monitoring
○ Useful to know how many people are using 

the opendata client software 
● ‘Experience’ KPIs

○ Surveys for usage and satisfaction, user 
feedback forms, attendance at events

● Some day: CPU KPIs
○ Integrating CPU monitoring from ‘friendly’ 

sites to understand CPU used for open data
● Must track educational usage as well!

More on the web

More on the web

https://github.com/kermitt2/datastet
https://cernopendata-client.readthedocs.io/en/latest/index.html
https://opendata.cern/record/80030
https://opendata.cern/record/80030
https://opendata.cern/record/80030
https://opendata.cern/record/80030
https://opendata.atlas.cern/contact-us
https://opendata.atlas.cern/contact-us
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A Playground for Future-Proofing
● Who will store the data in 2050?

○ Does this scale for the lifetime of the experiment?
○ What about the software? Websites? 

Documentation? Examples?
● Where physically are they stored? 

○ All of them? Even the little example mini-formats?
● Who has rights to the repos? 

○ Ownership? At CERN? Outside?
○ What about after the experiment?

● Can we reproduce them? Add to them?
○ If someone wants “just one more” MC dataset? 

15 years from now?
● How do we release more data?

○ New format… new release of everything? Keep 
what’s there?

○ Update examples? Abandon them? Delete them?
● Are old tutorials / recordings useful? Watched?

○ Just the most recent?

https://en.wikipedia.org/wiki/Future-proof
https://en.wikipedia.org/wiki/Future-proof


ATLAS Open Data for Research — CHEP 2024 — 21 Oct 2024 — Zach Marshall
25

A Playground for Future-Proofing
● Who will store the data in 2050?

○ Does this scale for the lifetime of the experiment?
○ What about the software? Websites? 

Documentation? Examples?
● Where physically are they stored? 

○ All of them? Even the little example mini-formats?
● Who has rights to the repos? 

○ Ownership? At CERN? Outside?
○ What about after the experiment?

● Can we reproduce them? Add to them?
○ If someone wants “just one more” MC dataset? 

15 years from now?
● How do we release more data?

○ New format… new release of everything? Keep 
what’s there?

○ Update examples? Abandon them? Delete them?
● Are old tutorials / recordings useful? Watched?

○ Just the most recent?

https://en.wikipedia.org/wiki/Future-proof
https://en.wikipedia.org/wiki/Future-proof


ATLAS Open Data for Research — CHEP 2024 — 21 Oct 2024 — Zach Marshall
26

What’s Next
● Monitoring and watching

○ Users will let us know what they think of our 
open data in comparison to other offerings

● Heavy Ion open data coming soon
○ Required by / following the Open Data Policy
○ Different format that supports different analyses

● Filling in more parts of the documentation chain

● More examples, integrating your examples
○ We would love to build a library in the style of 

Rivet with examples developed in projects 
around the world

○ Maybe also our own analysis? (TBD)

● Beginning to plan a workshop / hackathon

More on the web

More on the web

https://opendata.atlas.cern/docs/tutresearch/contributions
https://opendata.atlas.cern/docs/tutresearch/contributions
https://rivet.hepforge.org/rivet-coverage
https://rivet.hepforge.org/rivet-coverage
https://opendata.atlas.cern/docs/tutresearch/contributions
https://opendata.atlas.cern/docs/tutresearch/contributions
https://rivet.hepforge.org/rivet-coverage
https://rivet.hepforge.org/rivet-coverage
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Thank you!

NEW
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Extra Notes on Open Data Release
● Publications will not be reviewed by, endorsed by, or marked as ATLAS

○ We will, however, provide instructions for how to cite and acknowledge our work
● “ATLAS expects its  members to publish as part of the collaboration but does 

not forbid them from publishing on open data”
● Composed an “appropriate set of MC samples” in PHYSLITE format

○ Including both baseline and variation samples for systematics, and some signals
○ Luminosity of ~2x the data to start (rounding to the nearest file)


