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CMS Open Data Policy
• CMS data preservation, re-use, and open access policy DOI:10.7483/

OPENDATA.CMS.1BNU.8V1W


• Data releases since 2014


• Publish 50% of luminosity after 6 years, remainder released within 10 years


• “Amount of open data will be limited to 20% of data with the similar centre-of-mass energy and 
collision type while such data are still planned to be taken”


• Releases are made under the open license Creative Commons CC0 waiver, essentially releasing 
into the public domain


• CMS Open Data Policy is coordinated by the CMS DPOA (Data Preservation and Open Access) 
group 


• Motivation: Data preservation and open access are interdependent. Data can’t be used and (re-
used) unless it and the conditions for its use are preserved; data used are data preserved
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http://doi.org/10.7483/OPENDATA.CMS.1BNU.8V1W
http://doi.org/10.7483/OPENDATA.CMS.1BNU.8V1W
http://doi.org/10.7483/OPENDATA.CMS.1BNU.8V1W
http://doi.org/10.7483/OPENDATA.CMS.1BNU.8V1W
https://creativecommons.org/publicdomain/zero/1.0/


CMS Open Data releases
CERN Open Data Portal

• CMS makes use of the CERN 
Open Data Portal


• Datasets are categorised, 
searchable, and citable (with each 
assigned a DOI)


• CLI via the cernopendata-
client is available 
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https://opendata.cern.ch/
https://opendata.cern.ch/
https://opendata.cern.ch/
https://opendata.cern.ch/
https://opendata.cern.ch/record/17
https://opendata.cern.ch/


CMS Open Data releases
Run eras
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Credit: K. Lassila-Perini



CMS Open Data releases
Content

• Accompanying simulation datasets


• Software environments via Docker containers 
and/or virtual machines


• Analysis software: CMSSW, example 
analyses, validated runs JSON files, 
conditions database access, …


• Documentation (such as the CMS Open Data 
Guide)


• Continued support via e.g. a support forum
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Providing the datasets isn’t enough. A data release also includes: 

http://www.apple.com/uk
http://www.apple.com/uk
http://www.apple.com/uk
http://www.apple.com/uk
https://opendata-forum.cern.ch/c/cms/6
https://gitlab.cern.ch/cms-cloud/cmssw-docker-opendata/container_registry


CMS Open Data releases 
Dataset record walkthrough
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Dataset name

DOI

List of validated (i.e. “good”) runs

Datasets that are either the children or parent of this dataset

Which Docker container image is needed and where to get it

https://opendata.cern.ch/record/30546


CMS Open Data releases
Dataset record walkthrough

8

Data provenance and trigger paths

How-tos: docker containers / VM and analysis



Research data formats
Tiers
• AOD: largest data format, requires CMS software for 

analysis, only available for Run 1


• miniAOD: smaller data format derived from AOD, 
requires CMS software for analysis, available for Run 2


• nanoAOD (i.e. ROOT-based ntuples) formats (with e.g. 
corrections applied and ID used) are produced and 
used more and more by CMS and have several 
advantages over larger formats beyond purely size: e.g. 
flatter physics object structure, no need for large C++ 
frameworks for analysis, possible use of frameworks 
and tools such as Coffea, RDataFrame, uproot, 
awkward, …


• Note: there are other data tiers and formats available 
but the above cover most data records
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CMS ML datasets
• Several datasets have been generated from CMS Open Data specifically for ML applications


• The generator code has been provided as well as example code


• The datasets have been derived from miniAOD into TTrees 


• Note: Additional datasets for ML studies have been released as well but are in other CMS formats
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https://opendata.cern.ch/search?q=&f=experiment:CMS&f=year:2018&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/search?q=&f=experiment:CMS&f=keywords:datascience&f=type:Dataset&l=list&order=desc&p=1&s=10&sort=mostrecent


Research resources
CMS Open Data Guide

The CMS Open Data Guide provides the information needed 
for analysis in one place
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https://cms-opendata-guide.web.cern.ch/
https://cms-opendata-guide.web.cern.ch/analysis/systematics/objectsuncertain/jetmetuncertain/


Research resources
Open Data Workshops

• Since 2020 CMS have been 
offering Open Data Workshops


• The goal: to lower the threshold 
to access and use open data for 
theorists, phenomenologists, 
MLs, …


• Perhaps come to the next one
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[…]

https://cms-opendata-guide.web.cern.ch/cmsOpenData/workshops/
https://cms-opendata-workshop.github.io/2020-09-30-cms-open-data-workshop-for-theorists/
https://cms-opendata-workshop.github.io/2024-07-29-CERN/


Research resources
Open Data Workshops

• Uses Carpentries training template


• Pre-exercises on version control, 
containers, ROOT, C++, python, CMS 
software


• Hands-on lessons on CMS physics 
object usage, corrections, scale factors, 
uncertainties, trigger, luminosity 
calculation, etc.


• Hands-on analysis examples
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https://carpentries.org/
https://cms-opendata-workshop.github.io/2024-07-29-CERN/


Research with CMS Open Data
Research results

• CMS Open Data has found 
use out in the HEP 
community, producing 
published research results: 
see for example the 
citations of CMS Open 
Data DOIs in Inspire


• Topics: searches, jet/QCD 
studies, machine learning
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=references.reference.dois:10.7483/OPENDATA.CMS*
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=references.reference.dois:10.7483/OPENDATA.CMS*


Resources
Summary

• Over 4 PB of research-level collision data and simulation


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


• CMS Open Data Guide: https://cms-opendata-guide.web.cern.ch/ 


• CMS Open Data Forum: https://opendata-forum.cern.ch/c/cms/6 


• CMS Open Data Workshops: https://cms-opendata-guide.web.cern.ch/
cmsOpenData/workshops/      
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https://opendata.cern.ch/search?q=&f=experiment:CMS&f=type:Dataset+subtype:Collision&f=type:Dataset+subtype:Simulated&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/
https://cms-opendata-guide.web.cern.ch/
https://opendata-forum.cern.ch/c/cms/6
https://cms-opendata-guide.web.cern.ch/cmsOpenData/workshops/
https://cms-opendata-guide.web.cern.ch/cmsOpenData/workshops/
https://cms-opendata-guide.web.cern.ch/cmsOpenData/workshops/
https://cms-opendata-guide.web.cern.ch/cmsOpenData/workshops/


Summary and future plans

• CMS continues to implement its open data policy with regular data releases 
(including documentation, code, software environments, …)


• There are currently over 4 PB of level 3 (“research level”) collision data and 
simulation available as open data via the CODP


• Release of Run 2 data from 2017 has been recently approved and is in the 
midst of preparation


• We’re always working to improve and expand documentation (including 
training materials and workshops)
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Hands-on

GitHub page for the hands-on tutorial: 


https://github.com/cms-dpoa/cms-nikhef-tutorial 
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https://github.com/cms-dpoa/cms-nikhef-tutorial


Backup



CMS Open Data Policy
Levels

• Level 1: data directly related to publications


• Level 2: simplified data formats suitable for education and outreach 

• Level 3: “analysis level” reconstructed data and simulation and software 

• Level 4: raw data and associated software
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Level 3 collision data and MC releases
• 2010 p-p collision data at 7 TeV 


• 2010 Pb-Pb collision data at 2.76 TeV 


• 2011 p-p collision data at 7 TeV + MC 


• 2011 p-p collision data at 2.76 TeV and p-Pb collision data at 5.02 TeV


• 2012 p-p collision data at 8 TeV + MC 


• 2013 p-p collision data at 2.76 TeV and p-Pb collision data at 5.02 TeV + MC 


• 2015 p-p collision data at 5.02 TeV and at 13 TeV + MC


• 2018 p-p collision MC at 13 TeV for ML studies


• 2016 p-p collision data at 13 TeV + MC
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http://opendata.cern.ch/search?page=1&size=20&experiment=CMS&type=Dataset&subtype=Collision&subtype=Simulated&year=2010&file_type=root
https://opendata.cern.ch/search?q=&f=experiment:CMS&f=type:Dataset+subtype:Collision&f=year:2010&f=collision_type:PbPb&l=list&order=desc&p=1&s=10&sort=mostrecent
http://opendata.cern.ch/search?page=1&size=20&experiment=CMS&type=Dataset&subtype=Collision&subtype=Simulated&year=2012&file_type=root
https://opendata.cern.ch/search?q=&f=experiment:CMS&f=type:Dataset+subtype:Collision&f=collision_type:PbPb&f=collision_type:pPb&l=list&order=desc&p=1&s=10&sort=mostrecent
http://opendata.cern.ch/search?page=1&size=20&experiment=CMS&type=Dataset&subtype=Collision&subtype=Simulated&year=2012&file_type=root
https://opendata.cern.ch/search?q=&f=experiment:CMS&f=year:2013&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/search?q=&f=experiment:CMS&f=year:2015&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/search?q=&f=experiment:CMS&f=year:2018&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/search?q=&f=experiment:CMS&f=type:Dataset&f=year:2016&l=list&order=desc&p=1&s=10&sort=mostrecent

