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The Levels of Open Data from DPHEP
Level 1: Additional Documentation

We do this all the time through plot records, HepData, Rivet Analyses…
Almost all physics papers should have some combination of these!

Level 2: Simplified Formats for Education and Outreach

CMS and ATLAS have quite a bit (10 year anniversary for ATLAS Open Data!).

Level 3: Analysis Formats and Software

Includes both analysis formats and custom datasets for a wide variety of applications.

Level 4: Experiment Raw Data

Will preserve it; won’t make it public at large scale (there’s too much and it’s too hard to document).

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://cms-opendata-guide.web.cern.ch/
https://opendata.atlas.cern/docs/category/13-tev-2025-beta-release
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Bespoke datasets
● We have lots of bespoke datasets for targeted research applications

○ JetSet, Top jet tagging (w/systematics), Fast Sim training, BSM BDT training, …
■ We try to always have an example git repo with the dataset

○ Participation in Kaggle Challenges: Higgs boson ML Challenge, TrackML Challenge, …
● Notice the common theme here: machine learning (more discussion here)

○ Seems to be the ‘best’ motivation for specialized research data
● There is also sharing of files for technical purposes (e.g. ROOT/compression tests)
● We are quite amenable to adding new datasets with a well-motivated request

○ Several such requests ongoing now
○ CMS recently released some RAW data for the CICADA project. Interesting test: minimal 

documentation (that I can find), but CMS members allowed to use internal documentation. 
Not clear if this would fly in ATLAS, but if there’s interest…

ATLAS folks can see 
upcoming / proposed 
releases here; quite a 

few in flight

https://opendata.atlas.cern/docs/data/for_research/bespoke_datasets
https://opendata.cern.ch/record/93940
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
https://indico.cern.ch/event/1588582/
https://opendata.cern/search?q=&f=experiment%3ACMS&f=file_type%3Araw&l=list&order=desc&p=1&s=10&sort=mostrecent
https://github.com/Princeton-AD/cicada
https://its.cern.ch/jira/projects/MYATLAS/issues/MYATLAS-257
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Big Open Data Datasets

For Research

Proton-Proton Collisions
36 fb-1 proton-proton collisions in PHYSLITE 
format. 7B data, 2B MC evts, 373 MC sets. 
~65 TB [link]

Heavy Ion Minimum Bias
486 µb-1 lead-lead collisions in HION14 format. 
221M data + 100k MC events. ~4 TB [link]

Event Generation Data
>12B events, >6000 datasets in HEPMC format. 
13 TeV and 13.6 TeV. ~1 PB [link]

Heavy Ion Hard Probes
New format, similar to PHYSLITE, being prepared 
now

Coming 
soon

For Education and Outreach

Released

Released

8 TeV (2016)
3 fb-1 proton-proton collisions in XML and ROOT 
NTuple formats. 60M events, 42 MC sets [link]

13 TeV (2020)
10 fb-1 proton-proton collisions in ROOT NTuple 
format. 940M events, 228 datasets [link]

13 TeV (2025 Beta)
36 fb-1 proton-proton collisions in ROOT NTuple 
format. 9.8B events (dupes), 373 MC sets.  ~2.5 
TB [link]

Released

Released

Released

All data are released under a CC0 license (free use) with a request for citation.
ATLAS members may publish using the Open Data.

Released

https://opendata.atlas.cern/docs/data/for_research/pp_data
https://opendata.atlas.cern/docs/data/for_research/hi_data
https://opendata.atlas.cern/docs/data/for_research/evgen_data
https://opendata.atlas.cern/docs/data/for_education/8TeV_details
https://opendata.atlas.cern/docs/data/for_education/13TeV_details
https://opendata.atlas.cern/docs/data/for_education/13TeV25_details
https://creativecommons.org/public-domain/cc0/
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Open Data for Research Schedule
● ATLAS Schedule for Open Data releases

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…”

(might cap our output in the 2030s)
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Our Documentation Goal
● Our goal is to have open data that’s accessible to a wide variety of audiences
● We want learners to be able to move to more or less complex setups painlessly
● For more complexity than the Outreach and Education Open Data allow, try the Open 

Data for Research! If O&E OD are too complex, try the Histogram Analyzer!

No-code “Histogram Analyzers”

Open Data for 
Education and Outreach

Open Data for 
Research

Introductory
“Classroom Apps”

(Also in Spanish and Italian)

ML ‘explainer’

https://opendata.atlas.cern/docs/webapps/teachersapp
https://opendata.atlas.cern/docs/webapps/histanalyser
https://opendata.atlas.cern/docs/webapps/histanalyser
https://opendata.atlas.cern/docs/webapps/mlapp
https://opendata.atlas.cern/docs/webapps/mlapp
https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
https://opendata.atlas.cern/docs/tutresearch/physlitetut
https://opendata.atlas.cern/docs/tutresearch/physlitetut
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What’re the Metadata Like?
● Metadata are super important. Notebook tutorial. Runs on Colab, Binder, SWAN.
● Welcome to atlasopenmagic 🪄

https://opendata.atlas.cern/docs/13TeV25Doc/Concepts#accessing-metadata-new
https://pypi.org/project/atlasopenmagic/
https://pypi.org/project/atlasopenmagic/
https://pypi.org/project/atlasopenmagic/
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What’re the Metadata Like?
● Metadata are super important. Notebook tutorial. Runs on Colab, Binder, SWAN.
● Welcome to atlasopenmagic 🪄

Considering tying this more closely 
together with our existing metadata 
systems (e.g. AMI and Rucio)

Now available: atlasopenmagic-mcp
NB: ami-mcp and rucio-mcp exist

https://opendata.atlas.cern/docs/13TeV25Doc/Concepts#accessing-metadata-new
https://pypi.org/project/atlasopenmagic/
https://cds.cern.ch/record/2649430
https://oscars-project.eu/projects/streamlining-open-data-policies-rucio-data-management-platform
https://github.com/atlas-outreach-data-tools/atlasopenmagic-mcp
https://pypi.org/project/ami-mcp/
https://pypi.org/project/rucio-mcp/
https://pypi.org/project/atlasopenmagic/
https://pypi.org/project/atlasopenmagic/
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What Sorts of Things are There?

All New! Revised!

New!

https://opendata.atlas.cern/docs/13TeV25Doc/Concepts
https://opendata.atlas.cern/docs/13TeV25Doc/Concepts
https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/blob/master/13-TeV-examples/uproot_python/Fluctuations.ipynb
https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/blob/master/13-TeV-examples/uproot_python/Fluctuations.ipynb
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Getting help / community support
● We’re very happy to help
● The CERN Open Data Forum is the best place 

to ask questions
○ Other users can find questions similar to theirs
○ We can easily crowdsource answers
○ We can keep track of how many people are 

asking great questions about the Open Data 
(we are asked about this regularly)

○ We have (obviously) discussed ChatBot support 
as well, and would be happy to have help there

● Let us know about your projects as well!
○ We are happy to hear about educational / 

outreach projects and research projects
○ You can also use those as inspiration… and we 

can advertise for you!

https://opendata-forum.cern.ch/
https://opendata.atlas.cern/projects
https://opendata.atlas.cern/projects
https://opendata.atlas.cern/docs/tutresearch/contributions
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/software/16
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/datasets/17
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/documentation/18
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/contributing/19
https://opendata.atlas.cern/projects
https://opendata.atlas.cern/projects
https://opendata.atlas.cern/docs/tutresearch/contributions
https://opendata.atlas.cern/docs/tutresearch/contributions
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Monitoring and Feedback
● Monitoring via Motomo (website) and Monit-Grafana (open data portal, metadata)

○ Still iterating with CERN IT on the best (long-term) metrics consistent with privacy rules
● Added some feedback forms throughout our materials so that we can see what folks 

think is working / isn’t working, who we’re reaching, etc
● We’ve implemented feedback forms in our notebooks and web applications

○ Very positive feedback, with most material at the right level (or a little easy)
● Most material has been pretty well received

○ Upcoming white paper from the LHC REI WG on event generation open data, highlighting 
use of our samples

https://monit-grafana.cern.ch/d/da06d76c-24f0-4d23-b51e-da08d36c4ece/welcome?orgId=93
https://lpcc.web.cern.ch/content/lhc-rei-wg
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AI/ML might be the future?
● The open data for education provides a 

great testing ground for many things
● Particularly for agentic workflow 

development and proof-of-concept work, 
no need to go straight to the research OD

● Interesting possibilities for Open Data and 
Analysis Preservation
○ Take this paper, create a workbook 

analysis for a second-year undergraduate, 
write the instructions in Hindi.

○ Produce a preserved workflow from this 
repo. Validate it from the INT note / L1 
open data. Update it for the new release.

○ Could be game-changing for the effort 
problems we have in these areas.

https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/software/16
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/datasets/17
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/documentation/18
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/contributing/19
https://arxiv.org/pdf/2512.07785
https://arxiv.org/pdf/2512.07785
https://arxiv.org/pdf/2512.07785
https://arxiv.org/pdf/2512.07785
https://arxiv.org/pdf/2512.07785
https://arxiv.org/pdf/2512.07785
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Summary / Conclusions
● We have lots of Open Data available for use

○ Both ‘big datasets’ and smaller custom datasets
○ Releases are almost entirely limited by available effort
○ Read: we have not encountered any resistance inside the collaboration yet to the principle of 

releasing more data when the requests are reasonably well justified
● Monitoring is showing us what’s being used; surveys showing us how it lands
● Gathering contributions; happy to advertise your projects
● Happy to contribute to common projects in the future, if that might be of interest
● Lots of interesting opportunities for AI/ML use “for the open data” and “for the field”

○ User support, real-time /integrated support (co-dev), and learning assistants
○ Creation of new tools for a huge variety of audiences, and customizing learning tools for the 

specific audience (“Take this quiz, and the notebook will be customized automatically to the 
appropriate level for you” with explainers for code or physics as required)

○ Tests of foundation models and fine-tuning (e.g. train on our open event generation, 
fine-tune on our open PHYSLITE, see how things look)
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Discussion Points (from Last Week)
● ATLAS Open Data are about 1PB, hosted on the CERN Open Data Portal

○ pp-collision ‘Open Data for Research’ is about 65 TB including MC
● A second copy could (?) be posted on HuggingFace / FDP / AmSC_X / HPDF / …

○ atlasopenmagic already supports providing file location metadata for multiple use-cases 
(https / xrootd / eos direct read / local disk mapping) and could add more

○ HuggingFace has nice support for storing, publishing, and providing models
○ CERN hosting has significant bandwidth limitations (primary bottleneck for usage today)
○ Could consider e.g. ATLAS/CMS Ops hosting of the data on US sites?

● Foundation model applications might benefit from more data
○ We generally make public O(10%) of what we have
○ Discussing larger data formats, which would of course require more resources

● We could invest in more open data… but need human and computing resources
○ Bespoke datasets take real work
○ Support takes a lot of work

● We’ll prepare a white paper describing a ‘Vision for Open Data in the Age of AI’
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https://opendata.atlas.cern
https://opendata.atlas.cern
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Event Generation Open Data
● New, 12.7B events in ~6500 datasets

○ Access via atlasopenmagic (metadata tutorial)
○ Publicly documented naming, sample availability, 

metadata, limitations, how to combine… all useful 
for ATLAS newcomers as well!

● We provide a fully worked-out example notebook
○ Runs on Binder; some features not as nice on Colab
○ Set up, sample identification, files access
○ Visualizing events with pyhepmc
○ Making basic plots
○ Running Delphes, examining output
○ Takes <5 minutes to run

● Significant community interest in the Open Data
○ Upcoming white paper from the LHC REI WG on 

evgen open data, highlighting use of our samples

https://pypi.org/project/atlasopenmagic/
https://opendata.atlas.cern/docs/13TeV25Doc/Concepts#accessing-metadata-new
https://opendata.atlas.cern/docs/data/cern_opendata_portal#file-naming-convention
https://opendata.atlas.cern/docs/data/for_research/evgen_data
https://opendata.atlas.cern/docs/data/for_research/evgen_metadata
https://opendata.atlas.cern/docs/data/for_research/limitations_evgen
https://opendata.atlas.cern/docs/data/for_research/evgen_collections
https://opendata.atlas.cern/docs/tutresearch/openevgentut
https://mybinder.org/v2/gh/atlas-outreach-data-tools/notebooks-collection-opendata/HEAD?labpath=for-research%2FOpenEvgenTutorial.ipynb
https://scikit-hep.org/pyhepmc/
http://delphes.github.io
https://lpcc.web.cern.ch/content/lhc-rei-wg
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Other Open and Preserved Data News
● New bespoke datasets since the last DPHEP Workshop

○ Simulation voxelized photon showers dataset
○ ttbar for ML-based flavour tagging dataset
○ Several more in the pipe — mostly supporting AI/ML applications

● Still working to provide Plot records and HepData
○ Major milestone: in 2025, all exotics analyses had HepData! (100% coverage)

● Unfortunately, saw a drop in Rivet coverage, driven by the impressive number of 
analyses published since the last DPHEP workshop…
○ Seems to be universally true around the ring…
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https://opendata.cern/record/93941
https://opendata.cern/record/93940
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-05
https://www.hepdata.net/record/ins2758009
https://rivet.hepforge.org/rivet-coverage
https://rivet.hepforge.org/rivet-coverage
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Newly-available Monitoring
● Monitoring via Motomo (website) and Monit-Grafana (open data portal, metadata)

○ Still iterating with CERN IT on the best (long-term) metrics consistent with privacy rules
● Added some feedback forms throughout our materials so that we can see what folks 

think is working / isn’t working, who we’re reaching, etc

Website visits in 2H 2025 Portal access since September 2025

https://monit-grafana.cern.ch/d/da06d76c-24f0-4d23-b51e-da08d36c4ece/welcome?orgId=93
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Newly-available Monitoring
● Monitoring via Motomo (website) and Monit-Grafana (open data portal, metadata)

○ Still iterating with CERN IT on the best (long-term) metrics consistent with privacy rules
● Added some feedback forms throughout our materials so that we can see what folks 

think is working / isn’t working, who we’re reaching, etc

Website visits in 2026 Metadata release setup, last 30 days

https://monit-grafana.cern.ch/d/da06d76c-24f0-4d23-b51e-da08d36c4ece/welcome?orgId=93
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Updated Collaboration Policies
● Software Policy is now more strongly open source, 

recommending DOIs
○ All software internally visible; software open by default

● Data Preservation Policy now more firm about Run 1–3
○ We commit to preserving all raw data
○ We formally have no active support for Run 1 data
○ For Run 2 / 3 data during the HL-LHC era we expect to:

■ Allow statistical combinations with Run 4 / 5 (of course)
■ Retain ‘final’ analysis formats only (e.g. DAOD_PHYSLITE)
■ Produce new MC using fully containerized workflows
■ Drop support for ‘new’ processing of Run 2 / 3 data in our 

main software releases (reconstructing the data in a new 
release implies new calibrations and uncertainties, which 
require an enormous amount of effort)

● Documentation policy now public by default
○ Should mean less duplication of documentation for the 

Open Data users

(The Pantry in Los Angeles; the gold standard of “Open by 
default” for 90+ years — legend has it, they lost the key to the 

front door, it had been so long since they needed it)

https://cds.cern.ch/record/2955163
https://cds.cern.ch/record/2954457
https://en.wikipedia.org/wiki/Original_Pantry_Cafe

