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Hello!
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https://bsky.app/profile/katilp.bsky.social
https://www.hip.fi/


CMS Open data - Why?   
Open data as a driving force to data and analysis preservation
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Matthew Strassler, Jesse Thaler       
Nature, August 1, 2019                           

note to the editor



CMS Open data - What?    2
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All released

50% released

In preparation

Open data quantity & time defined 
in the CMS open data policy

2010
2012

2013
2014

2015
2016

2019
2020

2021
2022

2023
2024

2018
2017

2011

https://opendata.cern.ch/record/415/files/CMS-Data-Policy-1.3.pdf
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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

  

2020, Dec

2010-11 HI, 100%

First heavy-ion 
data release

  

2015 pp, 99%

First Run-2 data 
release,                     
slimmer data 
format

  

2012 pp, 100%

Full Run-1 pp 
data release,  
improved usage 
examples

2021, Dec 2022, Dec

  

2013 HI, 100%

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

2023, Sept

  

2016 pp, 50%

First data format 
not requiring 
CMS software,,  
updated usage 
instructions

2024, Apr

  

  



Decade of CMS open data
- with a small dedicated team
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CMS open data in use

https://opendata.cern.ch/search?q=&f=experiment%3ACMS&f=type%3ANews&l=list&order=desc&p=1&s=10&sort=mostrecent
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=references.reference.dois%3A10.7483%2FOPENDATA.CMS%2A
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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: 
full research-level data 
- not an “open-data” reduction



CMS Open data - How?    3
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Release procedure
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CMS input:
dataset lists,

year+run info,
trigger info.

Transfer.

Open data
portal records

Data-curation
scripts accessing

CMS services

CMS env:
SW container 

images,
condition data,

VM image

SW examples:
to test env,

to show usage 

http://opendata.cern.ch/search?page=1&size=20&q=&experiment=CMS
http://opendata.cern.ch/search?page=1&size=20&q=&experiment=CMS
https://github.com/cernopendata/data-curation
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https://opendata.cern.ch/record/30563


Metadata for complex 
research data
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Content 
metadata
WHAT?

Contextual 
metadata
HOW TO 

USE?

Provenance 
metadata

FROM 
WHERE?
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Content
metadata:

WHAT? 

Provenance
metadata:

FROM 
WHERE? 

Contextual
metadata:
HOW TO 

USE? 
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Context:
 validated 

data 
selection 

Context:
 trigger path

Context:
 usage 

instructions



Contextual metadata - should cover a lot! 
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Object identification, fakes

Online/offline selections

Efficiencies

Luminosity, data quality

Corrections, scales

Background estimates

How to run



How to put this together?
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1 3 5

642

Get the environment Select validated data Apply corrections, scale factors

Get the software Make your selections Estimate efficiencies

7

Compute luminosity



Providing contextual metadata 
in a useful way

◉ Best through example workflows
○ automated, machine and human-readable

◉ Not easy to define (even with >1300 papers…)
○ partly because 

■ analysis processes are complex
■ CMS data format supports a wide range of use cases

○ but also because we, as a community, have undervalued:
■ documentation
■ common tools
■ analysis code reuse.
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Data to results - simplified, ideal
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Central processing

Central processing

Central processing

Group/analysis specific skim

Analysis code -> Results

RAW DATA/ MC

AOD

MINIAOD

NANOAOD

SKIM



Data to results - in practise
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AOD

MINIAOD

NANOAOD

SKIM

This is the area from which  the “contextual 
metadata” needs to be collected



Support to external analysts    
● Open data portal information
● CMS Open data guide
● CERN open data forum
● CMS open data workshops
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http://opendata.cern.ch/search?page=1&size=20&q=&subtype=Guide&type=Documentation&experiment=CMS&sort=title
https://cms-opendata-guide.web.cern.ch/
https://opendata-forum.cern.ch/
https://cms-opendata-guide.web.cern.ch/cmsOpenData/workshops/
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https://cms-opendata-workshop.github.io/2020-09-30-cms-open-data-workshop-for-theorists/
https://cms-opendata-workshop.github.io/2021-07-19-cms-open-data-workshop/
https://cms-opendata-workshop.github.io/2022-08-01-cms-open-data-workshop/
https://cms-opendata-workshop.github.io/2023-07-11-cms-open-data-workshop/
https://cms-opendata-workshop.github.io/2024-07-29-CERN/
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https://opendata.cern.ch/docs/cms-guide-for-research
https://cms-opendata-guide.web.cern.ch/
https://opendata-forum.cern.ch/


Based on 10 years of experience in open data provisioning in CMS 

Facilitating factors
Challenges
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What has helped

◉ early approval of the CMS open data policy
◉ dedicated group with a mandate defined in the policy

◉ resources from the host laboratory (open data storage, open data portal)

◉ somewhat well-defined reprocessing campaigns of legacy data and MC
◉ existence of the full data provenance information in the experiment-specific services
◉ work towards smaller data formats

◉ open-source reconstruction and analysis software
◉ provision of software containers with experiment-specific SW

◉ regular workshops for external users

◉ increased appreciation of the efforts
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What makes it difficult

◉ open or preserved data are not yet flagged as such in many data management tools
◉ full data provenance is not readily available in the dataset metadata, it needs to be extracted 

from various experiment-specific services

◉ proliferation of analysis frameworks has made it challenging to provide usage instructions
◉ scale factors and corrections have been provided through various means (group-specific 

twiki pages, repositories) making it difficult to provide usage instructions
◉ analysis information, e.g. input datasets, code, is not recorded in a machine-readable way 

making it difficult to make it FAIR

◉ improvements in the data lifecycle chain are difficult to push through, in particular, if the 
impact is only at the data preservation phase

◉ many improvements are individual initiatives and continuity is often lost when people move
◉ lack of understanding of the effort needed for data releases
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Continuous interest, 
steady publication rate,
stress-testing long-term usability

Positive experience, 
model for the CERN open data policy

Pioneering work for archiving and serving 
data through the CERN Open data portal 



Questions ?

Thank you!
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 And thanks to SlidesCarnival for this free presentation template

http://www.slidescarnival.com/

