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Outline

• LHC and CMS experiment at CERN

• Recording the particle collisions

• Motivation for releasing CMS Open Data

• Data format, accessibility and an example

• Feedback and experiences from the users

https://home.cern/science/accelerators/large-hadron-collider

https://home.cern/science/accelerators/large-hadron-collider
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The Large Hadron Collider and CMS Experiment at CERN

• Compact Muon Solenoid (CMS) experiment
https://home.cern/science/experiments/cms

• Multi-layered, multipurpose experiment for 

Higgs studies, precision SM & BSM searches 

• Large Hadron Collider is operating since year of 2010

• 2022: colliding protons at record energies of 13.6 TeV

• Four major experiments: ATLAS, CMS, ALICE and LHCb
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https://home.cern/science/experiments/cms
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Recording the particle collisions at CMS experiment

• Cannot take all data (storage and processing)

• may generate 50 terabytes at 40MHz rate

• Selective read out of data by Trigger system

• Two-tiered Trigger system: Level-1 based on 

fast (custom) electronics (40 MHz->100 kHz)

• High Level Trigger is streamlined 
offline-> runs on computing farm

• 100 kHz to 1.5 kHz with full event 
content & prompt reconstruction
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CMS Collaboration, The CMS trigger system, JINST 12 (2017) no.01, P01020
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Motivation for releasing the CMS data to the public
• Inclusiveness: 

o science should be inclusive and knowledge open to everyone
• Engagement:

o availability of data is key to engage people with research

• Education:
o provide teaching and attract students to particle physics

• Societal impact: 
o another way to return something back to the society

• Scientific research:
o improving the exchange of knowledge with the non-

collaboration members in the same or different field

PSSOH 2022, October 15, 2022, School of Electrical Engineering, UB
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Where to start from with using the CMS Open Data?
http://opendata.cern.ch/ 

How to browse the CMS Open Data:
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Basic information about releasing the CMS Open Data
• CMS data preservation, re-use and open access policy 

DOI:10.7483/OPENDATA.CMS.7347.JDWH 

• Publish 50(100)% of the collision data after 3(10) years

• Data with open license (Creative Commons CC0 waiver)

• Currently available:
• 2010: 32 1/pb p-p collision data at 7 TeV
• 2011: 2.3 1/fb p-p collision data at 7 TeV + MC 
• 2012: 11.6 1/fb p-p collision data at 8 TeV + MC 

PSSOH 2022, October 15, 2022, School of Electrical Engineering, UB



M. Dordevic (VINS, UB) 8

How to access CMS Open Data: Virtual Machines & Docker

PSSOH 2022, October 15, 2022, School of Electrical Engineering, UB

• CERN Virtual Machine to access CMS data, but also Docker containers (allows to preserve full analysis)  

http://opendata.cern.ch/docs/cms-guide-dockerhttp://opendata.cern.ch/docs/cms-virtual-machine-2011

http://opendata.cern.ch/docs/cms-guide-docker
http://opendata.cern.ch/docs/cms-virtual-machine-2011
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Data format of CMS Open Data
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• Most of the CMS Open Data is published in the Analysis Object Data (AOD) format

o serialized C++ objects requiring specific (CMSSW) environment and also ROOT
o each of the events holds about 500 kB of information, resulting in large files 

• Reduced information content formats:
o miniAOD: reduced version of the 

AOD stores serialized C++ objects
o nanoAOD: storage of basic types 

(floats, integers, arrays), 2kB/evt

• NanoAOD readable independent from CMSSW, with any library reading ROOT files

• Tool for converting AOD to nanoAOD developed, to ease access of CMS open data
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“Re-descovering” the Higgs boson with CMS Open Data

• An example of the Higgs to four leptons analysis 
provided in http://opendata.cern.ch/record/5500

• Different levels of computational complexity available 

o from reproducing the plot from pre-processed files

o to processing ~80 TB of CMS AOD files in CMSSW 

• Possibility to perform full-fledged CMS physics analysis

PSSOH 2022, October 15, 2022, School of Electrical Engineering, UB

Simplified reimplementation of the original CMS H -> 4 lepton analysis 

• Full Higgs to four-leptons analysis: 
EPJC 81 (2021) 488 (w/ Run2 data)

http://opendata.cern.ch/record/5500
http://dx.doi.org/10.1140/epjc/s10052-021-09200-x
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CMS Trigger Analysis with CMS Open Data: Introduction
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http://opendata.cern.ch/docs/cms-guide-trigger-system

• DAQ & HLT systems create RAW data events containing:

• the detector data
• the Level-1 and HLT trigger results (trigger bits)
• higher-level objects made during HLT processing

Guide to the CMS Trigger System 
• A path consists of several steps (software modules)

• Each module performing a well-defined task such as

o performing the unpacking (raw->digi conversion)

o reconstruction of physics objects (e, μ, jet, MET)
o

o making some intermediate triggering decisions

o calculating the final decision for HLT trigger path

http://opendata.cern.ch/docs/cms-guide-trigger-system
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Analysis code for trigger information from CMS 2011 data 
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http://opendata.cern.ch/record/5004, source code: https://github.com/cms-opendata-analyses/TriggerInfoTool/tree/2011

• Example of the C++/Python code to extract the trigger information from CMS Open/Legacy data

• GeneralInfoAnalyzer: 
o C++ snippets on how to access trigger information such as metadata, prescales, module info etc.

• ModuleInTriggerAnalyzer: 
o how to dump all the modules for a specific trigger and obtain last active trigger module (filter)

• TriggerMatchingAnalyzer: 
o how to match a reconstructed tracks to objects that fired a trigger containing a specific module

• TriggerSimplePrescalesAnalyzer: 
o check the trigger L1 and HLT prescales, and whether the trigger has accepted the event or not

cmsrel CMSSW_5_3_32
cd CMSSW_5_3_32/src/
cmsenv
git clone -b 2011 git://github.com/cms-legacydata-
analyses/TriggerInfoTool.git cd TriggerInfoTool
cd {packagename}
scram b

ln -s python/{configname} .
ln -sf /cvmfs/cms-opendata-conddb.cern.ch/FT_53_LV5_AN1_RUNA FT_53_LV5_AN1 
ln -sf /cvmfs/cms-opendata-conddb.cern.ch/FT_53_LV5_AN1_RUNA.db 
FT_53_LV5_AN1_RUNA.db
ls -l 
ls -l /cvmfs/
cmsRun {configname} > full.log 2>&1 &       (checking w/ “tail -f full.log”)

http://opendata.cern.ch/record/5004
https://github.com/cms-opendata-analyses/TriggerInfoTool/tree/2011
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ModuleInTriggerAnalyzer: Output
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The modules in trigger HLT_Jet190_v6 are:
hltTriggerType
hltGtDigis
hltGctDigis
hltL1GtObjectMap
hltL1extraParticles
hltScalersRawToDigi
hltOnlineBeamSpot
hltOfflineBeamSpot
hltL1sL1SingleJet92
hltPreJet190
hltEcalRawToRecHitFacility
hltEcalRegionalJetsFEDs
hltEcalRegionalJetsRecHit
hltHcalDigis
hltHbhereco
hltHfreco
hltHoreco
hltTowerMakerForJets
hltAntiKT5CaloJetsRegional
hltCaloJetL1MatchedRegional
hltCaloJetIDPassedRegional
hltCaloJetCorrectedRegional
hltSingleJet190Regional
hltBoolEnd

…
Begin processing the 41st record. Run 171897, Event 489806429, LumiSection 452 at 
19-Sep-2022 06:52:41.279 CEST
Currently analyzing trigger HLT_Jet190_v6
Last active module - label/type: hltPreJet190/HLTPrescaler [9 out of 0-23 on this path]
Begin processing the 42nd record. Run 171897, Event 489992533, LumiSection 452 at 
19-Sep-2022 06:52:41.279 CEST
Currently analyzing trigger HLT_Jet190_v6
Last active module - label/type: hltL1sL1SingleJet92/HLTLevel1GTSeed [8 out of 0-23 
on this path]
Begin processing the 43rd record. Run 171897, Event 489970773, LumiSection 452 at 
19-Sep-2022 06:52:41.280 CEST
Currently analyzing trigger HLT_Jet190_v6
Last active module - label/type: hltPreJet190/HLTPrescaler [9 out of 0-23 on this path]
Begin processing the 44th record. Run 171897, Event 488919432, LumiSection 452 at 
19-Sep-2022 06:52:41.280 CEST
Currently analyzing trigger HLT_Jet190_v6
Last active module - label/type: hltSingleJet190Regional/HLT1CaloJet [22 out of 0-23 
on this path]…

(partial) content of the full.log of ModuleInTriggerAnalyzer: 



M. Dordevic (VINS, UB) 14

CMS Open Data for Machine Learning

• The open data address application of Machine 
Learning to challenges in high-energy physics

• Reconstructed data and simulations from the 
CASTOR calorimeter (in a very forward region)

• Instructions and examples provided for 

you on how to generate your own events 
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https://home.cern/news/news/knowledge-
sharing/cms-releases-open-data-machine-learning

CMS Collaboration, The very forward CASTOR calorimeter 
of the CMS experiment, JINST 16 (2021) P02010

https://home.cern/news/news/knowledge-sharing/cms-releases-open-data-machine-learning
http://dx.doi.org/10.1088/1748-0221/16/02/P02010
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Jet Substructure Studies with CMS Open Data

• Jesse Thaler (MIT theorist): two papers with CMS Open Data 

• Interesting lessons from the paper:

• “We then converted AOD files into a text-based MIT Open Data (MOD) format to facilitate 
the use of external analysis tools.” 

• “From the physics perspective, our experience with the CMS Open Data was fantastic”

• “From a technical perspective, though, we have encountered a number of challenges”

PSSOH 2022, October 15, 2022, School of Electrical Engineering, UB
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An opinion from Nature Physics
Nature Physics opinion

“only those who spent years 
building the experiment have 
earned quick access”

“other scientists can analyse 
the data while LHC is still 
running, testing 
unconventional strategies”

“public data can complement 
the overall research effort” 
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https://www.nature.com/articles/s41567-019-0628-z.epdf?author_access_token=fb5rgAnKgxVNZumGrXyFvtRgN0jAjWel9jnR3ZoTv0PhuK1fdxyEtWg3vJvU6vyZ7v2HYeC4nklSfww9ZiwY-p_Vhy3h1FiiUHs2rMN4ZY0TCoAcnq9Z4wdCyPAOGYknh8W5nIcLv58CMhS550aOOw%3D%3D
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Summary

• CMS makes a very strong Open Data effort within the LHC

• We are trying to facilitate the usage of the CMS Open Data 

o improved documentation and software tools + containers 

o working towards simplified and easy to use data formats

• Release of the new data is becoming imminent

• Please let us know if you have any feedback! 

PSSOH 2022, October 15, 2022, School of Electrical Engineering, UB



BACKUP SLIDES



M. Dordevic (VINS, UB) B1

The CMS Detector and Rates of Physics Processes
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• CMS is general purpose detector at the CERN LHC
• Sub - detectors to identify particles & Particle Flow
• Real time decision to store interesting events (Trigger)

Lumi: 2 x 1034 cm2 s-1 in the Run2

2556 bunches, 2.5x1011 p/bunch

Total collision rate around 2 GHz

b-quark production rate 10 MHz

W boson production rate 4 kHz

Top quark production rate 20 Hz

Higgs boson prod. rate only 1 Hz

SUSY rate(m@TeV) below 0.1 Hz

Interesting events at low rates!
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The CMS Trigger System: Design
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• The CMS Trigger System is organized in two tiers/levels:

o Level-1 Trigger based on custom-made electronics to 

reduce the data/event rate from the crossing rate of 

40 MHz to no more than 100 kHz, with 4μs latency

o High Level Trigger (HLT) filtering events with software 

running on computing farm based on commercial CPU 

and now also GPUs, to further reduce the event rate 

for storage to 1 kHz (in the Run2), now around 1.5 kHz
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From raw data to physics results
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(same steps for the MC)
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Open Data levels as defined in Data Access Policy 

• CMS (DPHEP) Open Data levels:

o Level 1: Open access publication and additional numerical data
§ INSPIRE  

o Level 2: Simplified data for Outreach and Education
§ Open Data - Education 

o Level 3: Reconstructed data and the software to analyse them
§ Open Data - Research 

o Level 4: Raw data, and the software to reconstruct and analyse it 
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The CMS Data Tiers
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