
Paving the Way for Open Data
10 years of releases from CMS 
Julie Hogan, Bethel University
On behalf of the CMS Collaboration

CMS Data Preservation and Open Access group
 
July 11, 2025

1



1.
CMS Open data - Why? 
Open data as a driving force to data 
and analysis preservation
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CMS Open Data is full 
research-level data!
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Data:
● collision data
● simulations
● additional data 

for analysis

Tools:
● software
● environments
● interfaces

Knowledge:
● instructions
● actionable examples
● understanding of 

experimental data

CMS Open Data Model

J. Hogan, EPS 2025



“
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Matthew Strassler, Jesse Thaler       
Nature, August 1, 2019                           
note to the editor

Open data have 
value only when 
they are in use!
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2.
Paving the way
CMS open data releases since 2014
opendata.cern.ch 
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http://opendata.cern.ch
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Release timeline

  

2010 pp, 50%

First release, 
virtual machine 
environment

2014, Nov

  

2011 pp, 50%

Simulated 
samples, 
validation 
examples, 
basic tools

2016, Apr

  

2012 pp, 50%

More usage 
examples 
(Higgs), 
Jupyter 
notebooks

2017, Dec

  

2010 pp, 100%

ML samples,  
special 
datasets,                
docker 
containers, 
simulated data 
generation 
tools

2019, Jul

  

2011 pp, 100%

First examples 
of automated 
workflows,  
improved tools

2020, Aug
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2020, Dec

2010-11 HI, 100%

First heavy-ion 
data release

  

2021, Dec

2015 pp, 99%

First Run-2 data 
release,                     
slimmer data 
format

  

2022, Dec

2012 pp, 100%

Full Run-1 pp 
data release,  
improved 
usage 
examples

  

2023, Sept

2013 HI, 100%

Full Run-1 
heavy-ion data, 
extended 
usage 
examples

  

2016 pp, 50%

Significant Run 
2 luminosity, 
user-friendly 
NanoAOD 
format

2024, Apr

Release timeline
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CMS Open Data releases

Policy goal:
50% after 6 yrs, 100% after 10
Up to 20% of same-E lumi

J. Hogan, EPS 2025
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CMS Open data in use Records have unique DOIs: 10.7483/OPENDATA.CMS*

J. Hogan, EPS 2025

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=references.reference.dois%3A10.7483%2FOPENDATA.CMS%2A
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Publication examples 2017 — 2025

Theoretical QCD studies
e.g 1704.05066

Anomaly detection for searches
e.g 2502.14036

New physics searches
e.g 2109.11274
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https://arxiv.org/pdf/1704.05066
https://arxiv.org/pdf/2502.14036
https://arxiv.org/pdf/2109.11274


3.
New Opportunities
Run 2 data

11J. Hogan, EPS 2025



12
CMS releases 13 TeV proton collision data from 2016

Read more!
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2016 data release features

Collision Data

◎ 16 fb-1 of 13 TeV 
proton collision 
data from 2016

◎ Ultra-Legacy 
processing!

◎ MiniAOD and 
NanoAOD data 
formats

Simulation

◎ Broad array of SM 
& BSM simulation

◎ Over 20,000 
unique processes!

◎ MiniAOD and 
NanoAOD formats

Software

◎ Container & VM for 
CMSSW 10

◎ Containers for 
ROOT & python

◎ New guides
◎ New analysis tools

First significant luminosity from 13 TeV collisions!
J. Hogan, EPS 2025

https://opendata.cern.ch/search?q=&f=experiment%3ACMS&f=type%3ADataset%2Bsubtype%3ACollision&f=year%3A2016&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/search?q=&f=experiment%3ACMS&f=type%3ADataset%2Bsubtype%3ASimulated&f=year%3A2016&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/docs/cms-guide-docker
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NanoAOD

Flat ROOT 
TTree

Basic types

95% 
smaller! 

1-2 kb/evt
Extract data 

straight 
into arrays!

Particle Flow 
info added 

for some data

A big step toward easily reusable CMS data

J. Hogan, EPS 2025



4.
Resources & 
Future goals
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Education & Outreach

◎ Interactive & VR event displays
◎ International Masterclass
◎ Dimuon analyses for schools
◎ University-level course tools
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https://opendata.cern.ch/docs/cms-guide-for-education

J. Hogan, EPS 2025

https://opendata.cern.ch/docs/cms-guide-for-education


Research Use
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https://opendata.cern.ch/docs/cms-guide-for-research

● Logistics & Software
“Getting Started” Guides

Containers & VMs
Metadata & Artifacts

● Physics analysis
CMS Open Data Guide

Example analysis records

● Hands-on help
Annual Workshops!

J. Hogan, EPS 2025

https://opendata.cern.ch/docs/cms-guide-for-research
https://cms-opendata-guide.web.cern.ch/
https://cms-opendata-guide.web.cern.ch/cmsOpenData/workshops/
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Coming Next

◎ Partial release of 2017 data coming in 2025
◎ Continued participation in Open Science discussions across HEP
◎ Goal: complete Run 2 releases by 2030, alongside first Run 3

◎ Regular updates of the Open Data Guide for Run 2 data
◎ Run 2 NanoAOD analysis examples
◎ Heavy Ion analysis examples
◎ Goal: mini immersion sessions at conferences

J. Hogan, EPS 2025



Thank you!

Thanks to our colleagues: 
◎ CMS DPOA group
◎ CERN data preservation team
◎ CERN Open Data Portal team

And great thanks to all CMS open 
data users!

Template by SlidesCarnival
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CERN Open Data portal
Come explore what you can do with CMS 

Open Data!

http://www.slidescarnival.com/
http://opendata.cern.ch/

