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On-Demand Distributed 
Workflows for Physics Analysis 

at the CMS Experiment



DPOA
§ Reusable and reproducible 

research data analysis platform

§ Addresses the need for the 
long-term preservation of the 
data analysis process

CASE STUDIES IN REPRESENTATION OF CMS





Higgs-to-four-lepton 
analysis example

using 2011-2012 data



Project Analysis

Uses CMS Open 
Data inputs and 
available CMS 

Software 
environment



Project Analysis

CAP preserves 
the analysis 
structure and 

metadata



Project Analysis

ReANA, captures 
the analysis 

workflow and runs 
the commands to
obtain the output
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COMPARE



Reprocessing AOD from 2010 -
2012 RAW samples 



The objective is to compare 
the outputs of reprocessed

AOD files for 2010-2012 RAW samples
with CMS Open Data VM results.



Selected RAW Samples*

2010 
DATASETS

2011
DATASETS

2012
DATASETS

/MinimumBias/Run2010B-v1/RAW
/Electron /Run2010B-v1/RAW

/Mu /Run2010B-v1/RAW
/Jet /Run2010B-v1/RAW

/DoubleElectron/Run2011A-v1/RAW
/SingleElectron /Run2011A-v1/RAW

/DoubleMu /Run2011A-v1/RAW
/SingleMu /Run2011A-v1/RAW

/Jet /Run2011A-v1/RAW

/DoubleElectron/Run2012B-v1/RAW
/SingleElectron /Run2012B-v1/RAW
/DoubleMuParked/Run2012B-v1/RAW

/SingleMu /Run2012B-v1/RAW
/JetHT/Run2012B-v1/RAW

*TO BE RELEASED TO OPEN DATA PORTAL
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Data 
Reconstruction

AOD output file
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Output of Analysis
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samples

Physics Objects 
Plotter

Virtual Machine

Reprocessed output ROOT file

§ AOD data format
§ Sizeable (~2 GB)

§ Loops over different physics objects:

§ Fills histograms with p, pt, eta and phi 
of these objects

Physics Objects Histograms

• Tracks
• Electrons 
• Muons 
• Photons 

• Jets 
• Taus
• Missing et
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Data Reconstruction

RAW 
Samples

CREATE CONFIGURATION FILE

CORRECT GLOBAL TAG

SELECT SAMPLE FILE FROM EOSPUBLIC PHYSICS OBJECTS HISTOGRAMS

EDIT ANALYZER

TESTINGRUN RECONSTRUCTION



Project Analysis

Data 
Reconstruction

AOD format 
reprocessed file

&
Histograms

Output of Analysis

From RAW 
samples

Physics Objects 
Plotter

Virtual Machine



Project Analysis

Data 
Reconstruction

AOD format 
reprocessed file

&
Histograms

Output of Analysis

From RAW 
samples

Physics Objects 
Plotter

Virtual Machine Physics Objects 
Plotter

Histograms

From Open Data 
AOD files

Virtual Machine

Output of Analysis



Project Analysis

Data 
Reconstruction

AOD format 
reprocessed file

&
Histograms

Output of Analysis

From RAW 
samples

Physics Objects 
Plotter

Virtual Machine Physics Objects 
Plotter

Histograms

From Open Data 
AOD files

Virtual Machine

Output of Analysis

COMPARE



Run2011A: SingleElectron

Reconstruction from 
RAW samples

Ele_momentum
Entries  4159
Mean     17.9
RMS     11.97

Electron Momentum (in GeV/c)
0 5 10 15 20 25 30 35 40

N
um

be
r o

f E
ve

nt
s

0

5

10

15

20

25

30

35

40

Ele_momentum
Entries  4159
Mean     17.9
RMS     11.97

Electron momentum



Run2011A: SingleElectron

Reconstruction from 
RAW samples
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Run2010B: Electron
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Plots Summary

All RAW samples were 
reconstructed successfully, and 

have one-to-one match with the 
original AOD.



Plots Summary

§ Workflows are ready
Problems with reading condition data 
from /cvmfs are under investigation by 
the ReANA team (symbolic links)

§ Docker container must be able to 
read from cvmfs also

All RAW samples were 
reconstructed successfully, and 

have one-to-one match with the 
original AOD.



Thank You


