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https://www.google.com/url?q=https://indico.global/event/16443/overview&sa=D&source=editors&ust=1777308615153436&usg=AOvVaw39bavsdU36WWcS582GrYjp


CERN 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

Data Preservation in High Energy Physics (DPHEP) paper
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CMS

https://www.google.com/url?q=https://arxiv.org/abs/0912.0255&sa=D&source=editors&ust=1777308615505710&usg=AOvVaw0lAtDzEmeDQeiIBZZ71e2H
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CMS Open Data Policy
Data releases since 2014

CMS data preservation, re-use, and open access policy 
DOI:10.7483/ OPENDATA.CMS.1BNU.8V1W

● 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
○ Essentially releasing into the public domain

● Principles aligned with the CERN open data policy for the LHC 
experiments

https://www.google.com/url?q=https://opendata.cern.ch/record/415&sa=D&source=editors&ust=1777308615538984&usg=AOvVaw3DEcZp1aS6RhOODTOvGzc2
https://www.google.com/url?q=https://creativecommons.org/publicdomain/zero/1.0/&sa=D&source=editors&ust=1777308615539101&usg=AOvVaw3TD_a-3GWqfh3KcAfHHjkl
https://www.google.com/url?q=https://cds.cern.ch/record/2745133&sa=D&source=editors&ust=1777308615539148&usg=AOvVaw3vN8ukD5Gt6yimm_qjvM8I
https://www.google.com/url?q=https://cds.cern.ch/record/2745133&sa=D&source=editors&ust=1777308615539180&usg=AOvVaw0FAoFa_YBvJHJmxidsuCiS
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CMS Open Data Releases - run eras and released data
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CMS Open Data Releases - timeline
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CMS Open Data Releases - CERN Open Data Portal

CMS data are available via the 
CERN Open Data Portal 

Datasets are 
● Categorised
● Searchable
● Citable

Lots of data!
● 300+ collision datasets
● 50k+ simulated datasets
● 4+ PB (disk and tape)

https://www.google.com/url?q=https://opendata.cern.ch/&sa=D&source=editors&ust=1777308618107356&usg=AOvVaw1A5-Ey49BZ-4ExOH9wScfI
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CMS Open Data Releases - content

Access to datasets isn’t enough. 

A data release also includes: 

● Software environments 
○ Docker containers
○ Virtual machines

● Analysis software: CMS software, example 
analyses, validated run information, 
conditions database access, … 

● Documentation (such as the CMS Open 
Data Guide)

● Continued support
○ CMS support forum

https://www.google.com/url?q=https://opendata-forum.cern.ch/c/cms/6&sa=D&source=editors&ust=1777308618201098&usg=AOvVaw1QoHPHqJvi8KEv1GOY-i_w
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Data formats - tiers
● AOD: largest data format, 

○ Requires CMS software for analysis
○ Only available for Run 1
○ (link, link, link)

● miniAOD: smaller data format derived from AOD
○ Requires CMS software for analysis
○ Available for Run 2
○ (link, link) 

● nanoAOD: flat, ROOT-based ntuples
○ Corrections applied, selectors included
○ Are produced and used more and more by 

CMS 
○ No need for large C++ frameworks for 

analysis
○ Analysts can use standard python 

frameworks and tools such as Coea, 
RDataFrame, uproot, awkward, …

○ (link)

Data Tier Event size (kB)

Reconstructed data ~3000

AOD ~500

miniAOD ~50

NanoAOD ~2

https://www.google.com/url?q=https://opendata.cern.ch/docs/cms-getting-started-aod&sa=D&source=editors&ust=1777308618780635&usg=AOvVaw3mUYI5r5K6zW8ZVu0Fp42f
https://www.google.com/url?q=https://cms-opendata-guide.web.cern.ch/analysis/selection/objects/objects/&sa=D&source=editors&ust=1777308618780753&usg=AOvVaw1fx0DXdP_NhZdOdaQZ2NHS
https://www.google.com/url?q=https://twiki.cern.ch/twiki/bin/view/CMSPublic/SWGuideAodDataTable&sa=D&source=editors&ust=1777308618780843&usg=AOvVaw3chD6XsXKhDA6f6PkE2RGT
https://www.google.com/url?q=https://cms-opendata-guide.web.cern.ch/cmssw/cmsswdatamodel/&sa=D&source=editors&ust=1777308618780935&usg=AOvVaw1Cqf3CqhylmPdNr4zcH6LC
https://www.google.com/url?q=https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookMiniAOD2015%23High_level_physics_objects&sa=D&source=editors&ust=1777308618781026&usg=AOvVaw0HyP7x0zs71yPsFqDnF9VE
https://www.google.com/url?q=https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookNanoAOD&sa=D&source=editors&ust=1777308618781114&usg=AOvVaw0A2NGfQf_GgJo3-rwJEuka
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Data formats - PFNanoAOD

While the NanoAOD format has reduced information in 
comparison to MiniAOD (e.g. it does not have jet 
constituents) it is possible to created enhanced, 
extended versions of NanoAOD

PFNano is such enhanced version derived from MiniAOD 
which included information on Particle Flow Candidates 
(PFCands)

Helpful for jet reclustering, for example

Software for production of PFNano is available here

One usage: Aspen Open Jets

https://www.google.com/url?q=https://opendata.cern.ch/record/12504&sa=D&source=editors&ust=1777308618805470&usg=AOvVaw18EkZDn51NUx3wMRZEJYo2
https://www.google.com/url?q=https://www.fdr.uni-hamburg.de/record/16505&sa=D&source=editors&ust=1777308618805605&usg=AOvVaw39DS7dpHO3jvksECJmJOs9
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Datasets - ML applications

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



Planned CMS releases 
going forward (on top of 
current datasets)

An ambitious plan!

Working with CERN IT…

Some datasets will be on 
tape (cold storage) rather 
than disk

Access could be days or 
weeks for tape storage

11

Datasets - storage and access going forward
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Resources - CMS Open Data Guide

The CMS Open Data Guide provides the information needed for analysis in one place

https://www.google.com/url?q=https://cms-opendata-guide.web.cern.ch/&sa=D&source=editors&ust=1777308620409724&usg=AOvVaw2aMmGzKlyS2TW1_sfYLgE5


Resources - workshops
CMS Open Data Guide

Aimed at theorists/phenomenolgists

Aracted experimentalists and some teachers

● 2020 workshop
● 2021 workshop
● 2022 workshop
● 2023 workshop
● 2024 WHEPP India
● 2024 workshop

Paused in 2025

Next one - July 28-July 30 - Notre Dame
Pedagogical focus 
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https://www.google.com/url?q=https://cms-opendata-guide.web.cern.ch/cmsOpenData/workshops/&sa=D&source=editors&ust=1777308621104029&usg=AOvVaw1KwBAp6MWBrc1ZEZ5Td8UC
https://www.google.com/url?q=https://cms-opendata-workshop.github.io/2020-09-30-cms-open-data-workshop-for-theorists/&sa=D&source=editors&ust=1777308621104491&usg=AOvVaw3BrlWpCcCcDOiwJiDuGGbO
https://www.google.com/url?q=https://cms-opendata-workshop.github.io/2021-07-19-cms-open-data-workshop/&sa=D&source=editors&ust=1777308621104661&usg=AOvVaw38dAcUOnFAzkohz3U44Tw8
https://www.google.com/url?q=https://cms-opendata-workshop.github.io/2022-08-01-cms-open-data-workshop/&sa=D&source=editors&ust=1777308621104816&usg=AOvVaw0bJzGZ_0-mF_6rSxA3GCHv
https://www.google.com/url?q=https://cms-opendata-workshop.github.io/2023-07-11-cms-open-data-workshop/&sa=D&source=editors&ust=1777308621104967&usg=AOvVaw30q13Gw6S4iQPVdBNVakWQ
https://www.google.com/url?q=https://cms-opendata-workshop.github.io/2024-01-03-india-whepp/&sa=D&source=editors&ust=1777308621105105&usg=AOvVaw27Ri3XwsSdVGT331tBwZn8
https://www.google.com/url?q=https://cms-opendata-workshop.github.io/2024-07-29-CERN/&sa=D&source=editors&ust=1777308621105233&usg=AOvVaw2utyxVi8F0v89aE8Ni0dqq
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Summary and plans
CMS continues to implement its open data policy
● Regular data releases
● Updating documentation, code, software environments, 

etc

Currently over 4 PB research level collision data and 
simulation available as open data via the CODP

Release of Run 2 data from 2017 is in the midst of preparation

In 2014, we weren’t preserving data because we foresaw AI 
and the need for training data

We preserved it because…who knows what’s coming next?

Thank you for your time!



Backup slides
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CMS Open Data: Research 
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● CMS Open Data has 
found use out in the 
high-energy 
physics community, 
producing 
published research 
results: see for 
example the 
citations of CMS 
Open Data DOIs in 
Inspire

● CMS and CERN 
open data team 
authors are 
excluded in the 
plots at right

https://www.google.com/url?q=https://inspirehep.net/literature?sort%3Dmostrecent%26size%3D25%26page%3D1%26q%3Dreferences.reference.dois:10.7483/OPENDATA.CMS*&sa=D&source=editors&ust=1777308624314975&usg=AOvVaw0k1KjqIt7wjdalL8Z_SHOR
https://www.google.com/url?q=https://inspirehep.net/literature?sort%3Dmostrecent%26size%3D25%26page%3D1%26q%3Dreferences.reference.dois:10.7483/OPENDATA.CMS*&sa=D&source=editors&ust=1777308624315107&usg=AOvVaw2Qhdmwtj4BS7CyHN_n-nmy
https://www.google.com/url?q=https://inspirehep.net/literature?sort%3Dmostrecent%26size%3D25%26page%3D1%26q%3Dreferences.reference.dois:10.7483/OPENDATA.CMS*&sa=D&source=editors&ust=1777308624315206&usg=AOvVaw3sNamgdwOT9YL46gUtgZJS


CERN 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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Education and Outreach
● Education and outreach was the first and is the 

most enduring use-case for CMS open data
● Open data from CMS have formed the raw material 

of the CMS masterclasses since the beginning of 
the International Masterclasses (in collaboration 
with QuarkNet); the masterclasses which just 
finished used collision data from 2016

● There are over 200 “derived” (i.e. Level 2) datasets 
available on the CODP for use in education and 
outreach

● Example analysis code is also available (e.g. 
4-lepton analysis)

● There are also other great resources like the 
Particle Physics Playground
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https://www.google.com/url?q=https://www.physicsmasterclasses.org/&sa=D&source=editors&ust=1777308624771407&usg=AOvVaw1A50VuQSgZeoNeca8Iolpb
https://www.google.com/url?q=https://github.com/cms-opendata-analyses&sa=D&source=editors&ust=1777308624771565&usg=AOvVaw0MouL5wPlo_ijrjSQgADAH
https://www.google.com/url?q=https://sites.google.com/siena.edu/particle-physics-playground/home?authuser%3D0&sa=D&source=editors&ust=1777308624771670&usg=AOvVaw1xP95U9ZWKXY3gxBur5aFq

