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• Analysis Environments
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The CMS Event Data Model
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CMS EDM is the uniform format for all CMS 
event data 

Main Features of CMS EDM

• The storage is based on ROOT
• Reflex dictionaries are provided for every data type
• All data are usable interactively

• An event is a container of products of any C++ type
• Most of the products are itself containers of tracks, 

clusters, particles
• Bare C pointers are forbidden, but persistent 

references of Product ID and index are used

Persistent and transient data representations 
are identical 
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CMS defines different data tiers containing 
different levels of details

Data Tiers and Analysis Object Data

• FEVT: full event output containing the complete 
output of all intermediate reconstruction steps

• RECO: detailed reconstruction output allowing to 
apply new calibrations and alignments, and 
reprocess many of the products.

• AOD: a proper subset of RECO chosen to satisfy 
the needs of a large fraction of analysis studies 

• TAG: foreseen, but definition hasn’t converged at 
all.

Adding or dropping object collections from the data 
tiers is just a matter of changing the job configuration.

• The actual content and size of AOD is still under 
definition and feedback from the CSA07 
exercise will certainly lead to a new iteration
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AOD content breakdown

Generator
22.0

Gen Jets
35.1

Calo Jets
18.6

Tracks
18.0

Ecal/Tower
32.2

7.9
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The CMSSW Framework



Benedikt Hegner                                                DESY Hamburg

• Source

• EDProducer

• EDFilter

• EDAnalyzer

• OutputModule

• ...

8

Data flow of cmsRun

communication between 
modules only via the event!
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Steering file for cmsRun

process = Process("Test")
   
process.source = Source("EmptySource")
process.int = EDProducer("IntProducer", 
                         ivalue = int32(2) )

process.test = EDAnalyzer("IntTestAnalyzer", 
                 valueMustMatch = untracked.int32(2),
                 moduleLabel = untracked.InputTag("int") )

...
        
process.p = Path( process.int + process.test)

$ cmsRun example.py

Simple unit test example
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Steering file for cmsRun

process = Process("Test")
   
process.source = Source("EmptySource")
process.int = EDProducer("IntProducer", 
                         ivalue = int32(2) )

process.test = EDAnalyzer("IntTestAnalyzer", 
                 valueMustMatch = untracked.int32(2),
                 moduleLabel = untracked.InputTag("int") )

...
        
process.p = Path( process.int + process.test)

$ cmsRun example.py

Simple unit test example

Int_IntTestAnalyzer__Test

 produces the TTree: 
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CMSSW file input and output

Source("PoolSource",
  fileNames = untracked.vstring("file:input.root"),
  maxEvents = untracked.int32(-1)
)

OutputModule("PoolOutputModule",
  fileName = untracked.string("output.root"
)

outputCommands = untracked.vstring(
    "keep *",
    "drop *_*_*_HLT",
    "keep FEDRawDataCollection_*_*_*"
)

input

output

PROCESS

many other options possible!
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Provenance tracking

...

Module: caloTowers Rec
 PSet id:e03ccfff88a2fd4ed3c2b9bd8261000b
 products: {
  recoCandidatesOwned_caloTowers__Rec.
}
 parameters: {
  @module_label: string tracked  = 'caloTowers'
  @module_type: string tracked  = 'CaloTowerCandidateCreator'
  minimumE: double tracked  = -1
  minimumEt: double tracked  = -1
  src: InputTag tracked  = towerMaker::
}

...

The history of each single product in the 
event is stored in the “provenance”
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Accessing Event Data

# by module and default product label
 Handle<TrackVector> trackPtr;
 iEvent.getByLabel("tracker", trackPtr );

# by module and product label
 Handle<SimHitVector> simPtr;
 iEvent.getByLabel("detsim", "pixel" ,simPtr );

# by type
 vector<Handle<SimHitVector> > allPtr;
 iEvent.getByType( allPtr );

# by Selector 
 ParameterSelector<int> coneSel("coneSize",5);
 Handle<JetVector> jetPtr;
 iEvent.get( coneSel, jetPtr );

there are some more...
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The Candidate Model
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Candidate is a common base class for all 
high-level physics objects

Particle Candidates

• e.g. Z!µµ , H! ZZ!µµ ee, Bs! J/"#!µµ KK, …

• Generator events
• Collection of objects
• Persistent References to other products

• Muons, electrons, photons, jets ... are subclasses
• Can contain references to other components like 

tracks, clusters, calorimeter tower, etc.

• Mother $  daughter navigation included

Composite particle reconstruction uses 
specialized Candidates 

Framework provides common tools and modules
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Reco candidates
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Candidates with no daughter and with components form RECO/AOD objects should inherit from the class

RecoCandi dat e. This interface provides methods to navigate to a set of standard RECO/AOD components.

For object that inherit from the common base class RecoCandi dat e, "automatic" overlap checking looking for

possible common RECO constituent is implemented.

Candidate for High Level Physics Objects

The following High Level Physics Objects inherit from the RecoCandi dat e base class:

El ec t r on, Phot on

Muon

Cal oJet , GenJet , Bas i cJet  and their base class Jet

The High Level Physics Objects treated as candidates are represented with the following icons:

                        

High Level Physics Objects have references to their underlying components stored in the AOD. For instance, an

electron has references to its track and super-cluster:

Candidate RECO/AOD Object Adapters

RECO/AOD adapters are particle candidate types that contain only a reference to a single component

belonging to the RECO/AOD data tier and no daughter. Specific framework modules are supposed to fill the

kinematic information from the RECO/AOD objects. Those modules are not described in this document (a

specific documentation page has to be written).

The following adapters for RECO/AOD objects inherit from the RecoCandi dat e base class:

RecoChar gedCandi dat e, containing a reference to a Tr ack

RecoEcal Candi dat e, containing a reference to a Super Cl us t er

03/17/2007 12:37 PMWorkBookParticleCandidates < CMS < TWiki

Page 3 of 8https://twiki.cern.ch/twiki/bin/view/CMS/WorkBookParticleCandidates

Candidates with no daughter and with components form RECO/AOD objects should inherit from the class

RecoCandidate. This interface provides methods to navigate to a set of standard RECO/AOD components.

For object that inherit from the common base class RecoCandidate, "automatic" overlap checking looking for

possible common RECO constituent is implemented.

Candidate for High Level Physics Objects

The following High Level Physics Objects inherit from the RecoCandidate base class:

Electron, Photon

Muon

CaloJet, GenJet, BasicJet and their base class Jet

The High Level Physics Objects treated as candidates are represented with the following icons:

                        

High Level Physics Objects have references to their underlying components stored in the AOD. For instance, an

electron has references to its track and super-cluster:

Candidate RECO/AOD Object Adapters

RECO/AOD adapters are particle candidate types that contain only a reference to a single component

belonging to the RECO/AOD data tier and no daughter. Specific framework modules are supposed to fill the

kinematic information from the RECO/AOD objects. Those modules are not described in this document (a

specific documentation page has to be written).

The following adapters for RECO/AOD objects inherit from the RecoCandidate base class:

RecoChargedCandidate, containing a reference to a Track

RecoEcalCandidate, containing a reference to a SuperCluster

many types of objects are candidates

TrackRef trk = cand->get<TrackRef>();

they can store references to their 
underlying components
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Collections of candidates
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RecoCaloTowerCandidate, containing a reference to a CaloTower

Hep MC Candidates

Details about candidates representing generator particles are described in the following document:

HepMC format using GenParticleCandidate

Candidate Collections

Candidate can be stored in different collection types. In many cases, they are stored as collections of concrete

objects. For instance as:

std::vector<reco::Electron> or reco::ElectronCollection

or:

std::vector<reco::Muon> or reco::MuonCollection

or:

std::vector<reco::CaloJet> or reco::CaloJetCollection

Collections of concrete objects are represented above as sets of object icons all of the same type enclosed

between brackets.

It is also possible to store candidate objects in a collection that may contain candidate objects of heterogeneous

types. Such collection is defined as the type:

edm::OwnVector<reco::Candidate> or reco::CandidateCollection

reco::CandidateCollection is a polymorphic container, i.e.: candidate objects are only know through their base

class Candidate. This polymorphic collection is represented above with curly brackets, and can contain object

icons representing heterogeneous types.
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RecoCaloTowerCandidate, containing a reference to a CaloTower

Hep MC Candidates

Details about candidates representing generator particles are described in the following document:

HepMC format using GenParticleCandidate

Candidate Collections

Candidate can be stored in different collection types. In many cases, they are stored as collections of concrete

objects. For instance as:

std::vector<reco::Electron> or reco::ElectronCollection

or:

std::vector<reco::Muon> or reco::MuonCollection

or:

std::vector<reco::CaloJet> or reco::CaloJetCollection

Collections of concrete objects are represented above as sets of object icons all of the same type enclosed

between brackets.

It is also possible to store candidate objects in a collection that may contain candidate objects of heterogeneous

types. Such collection is defined as the type:

edm::OwnVector<reco::Candidate> or reco::CandidateCollection

reco::CandidateCollection is a polymorphic container, i.e.: candidate objects are only know through their base

class Candidate. This polymorphic collection is represented above with curly brackets, and can contain object

icons representing heterogeneous types.
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RecoCaloTowerCandidate, containing a reference to a CaloTower

Hep MC Candidates

Details about candidates representing generator particles are described in the following document:

HepMC format using GenParticleCandidate

Candidate Collections

Candidate can be stored in different collection types. In many cases, they are stored as collections of concrete

objects. For instance as:

std::vector<reco::Electron> or reco::ElectronCollection

or:

std::vector<reco::Muon> or reco::MuonCollection

or:

std::vector<reco::CaloJet> or reco::CaloJetCollection

Collections of concrete objects are represented above as sets of object icons all of the same type enclosed

between brackets.

It is also possible to store candidate objects in a collection that may contain candidate objects of heterogeneous

types. Such collection is defined as the type:

edm::OwnVector<reco::Candidate> or reco::CandidateCollection

reco::CandidateCollection is a polymorphic container, i.e.: candidate objects are only know through their base

class Candidate. This polymorphic collection is represented above with curly brackets, and can contain object

icons representing heterogeneous types.
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RecoCaloTowerCandidate, containing a reference to a CaloTower

Hep MC Candidates

Details about candidates representing generator particles are described in the following document:

HepMC format using GenParticleCandidate

Candidate Collections

Candidate can be stored in different collection types. In many cases, they are stored as collections of concrete
objects. For instance as:

std::vector<reco::Electron> or reco::ElectronCollection

or:
std::vector<reco::Muon> or reco::MuonCollection

or:
std::vector<reco::CaloJet> or reco::CaloJetCollection

Collections of concrete objects are represented above as sets of object icons all of the same type enclosed

between brackets.

It is also possible to store candidate objects in a collection that may contain candidate objects of heterogeneous
types. Such collection is defined as the type:

edm::OwnVector<reco::Candidate> or reco::CandidateCollection

reco::CandidateCollection is a polymorphic container, i.e.: candidate objects are only know through their base
class Candidate. This polymorphic collection is represented above with curly brackets, and can contain object

icons representing heterogeneous types.

reco::ElectronCollection

reco::MuonCollection

reco::CaloJetCollection

reco::CandidateCollection

candidates can be stored together
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Shallow clones

18

03/17/2007 12:37 PMWorkBookParticleCandidates < CMS < TWiki

Page 5 of 8https://twiki.cern.ch/twiki/bin/view/CMS/WorkBookParticleCandidates

Shallow Clone Candidates
A shallow clone of a Candidate (ShallowCloneCandidate) is a Candidate with a reference
(edm::RefToBase<Candidate>, i.e.: reco::CandidateBaseRef) to a master clone Candidate. All member function
calls will be delegated to its master clone. The values of kinematic information can be changed in the shallow
clone to take into account possible corrections. This class is convenient to adapt existing collections of
specialized Candidates, like Electrons, Muons, Jets, in order to fit them with application that need cloning (like
combinatorial analysis) and possibly changing the kinematics content (like constrained fitters).

The common base class Candidate provides methods to navigate to the master clone, if existent:

Composite Candidate Types

Particle Candidates reconstructed from a decay chain, like  or  can be defined as one of
the possible Candidate subtype defining a composite particle candidate. Composite Candidates can containing
any number of (clones or references to) daughters.

Three types of composite candidates are provided:

CompositeCandidate
CompositeCandidate is a composite Particle Candidate whose daughters are stored internally to and owned by
the mother Particle Candidate.

Example of how to create a CompositeCandidate is below:

   if ( cand->hasMasterClone() ) {   

     CandidateBaseRef master = cand->masterClone();

   }

      const Candidate & dau1 = ..., & dau2 = ...;

      CompositeCandidate comp;

      comp.addDaughter( dau1 );

A shallow clone is a candidate forwarding access to the 
master clone. Kinematical variables can be changed.

use case: 
combinatorial analysis with applied corrections

reco::ShallowCloneCandidate

reco::CandidateBaseRef

reco::CandidateCollection
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Composite candidates
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Shallow Clone Candidates

A shallow clone of a Candidate (ShallowCloneCandidate) is a Candidate with a reference

(edm::RefToBase<Candidate>, i.e.: reco::CandidateBaseRef) to a master clone Candidate. All member function

calls will be delegated to its master clone. The values of kinematic information can be changed in the shallow

clone to take into account possible corrections. This class is convenient to adapt existing collections of

specialized Candidates, like Electrons, Muons, Jets, in order to fit them with application that need cloning (like

combinatorial analysis) and possibly changing the kinematics content (like constrained fitters).

The common base class Candidate provides methods to navigate to the master clone, if existent:

Composite Candidate Types

Particle Candidates reconstructed from a decay chain, like  or  can be defined as one of

the possible Candidate subtype defining a composite particle candidate. Composite Candidates can containing

any number of (clones or references to) daughters.

Three types of composite candidates are provided:

CompositeCandidate

CompositeCandidate is a composite Particle Candidate whose daughters are stored internally to and owned by

the mother Particle Candidate.

Example of how to create a CompositeCandidate is below:

   if ( cand->hasMasterClone() ) {   

     CandidateBaseRef master = cand->masterClone();

   }

      const Candidate & dau1 = ..., & dau2 = ...;

      CompositeCandidate comp;

      comp.addDaughter( dau1 );

CompositeCandidate comp;
comp.addDaughter( dau1 );
comp.addDaughter( dau1 );
AddFourMomenta addP4;
addP4.set( comp );

Candidates can be combined to 
new candidates (e.g. for Jets)

OverlapChecker overlap;
const Candidate & c1 = ..., & c2 = ...;

if ( overlap(c1,c2) ) { ... }

Overlap checking

Candidate * boostedZ = Z->clone();
CenterOfMassBooster boost;
boost.set( *boostedZ );

boost candidate plus daughters
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Zee analysis example

i i i

e e e

Electron isolation

Electrons

Z

i

e

i

e

e e

Z

e e

Z

e e
Z candidates

Associated collection

Standard RECO collection
used as “master clone”

Electrons clones
with reference to master

(“shallow” clones)
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Candidate modules - fast combinatorial analysis

21

...
  allTracks = EDProducer("TrackCandidateProducer", 
    src = InputTag("CTFAnalytical"),
  )

  goodTracks = EDProducer("CandSelector",
    src = InputTag("allTracks"),
    cut = string("pt > 3.0")
  )

  Ztoll = EDProducer("CandCombiner",
    decay = string("goodTracks@+ goodTracks@-"),
    cut = string("70.0 < mass < 110.0")
  )

  HiggsCandidates = EDProducer("CandCombiner",
    decay = string("Ztoll Ztoll"),
    cut = string("mass < 600.0")
  )

  p = Path( 
    allTracks + goodTracks +
   Ztoll + HiggsCandidates
  )
...
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Analysis Environments
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Possible analysis workflows (II)

RECO AODRAW

First pass at Tier0

Central analysis skims at Tier1

AOD

RECO, AOD

shipped at Tier1

Analysis algos

Analysis Data

AOD +
Analysis skim

output shipped 

at Tier2

Analysis Data

AOD + Further selection,

Reduced output
Analysis Data

Fewer AOD coll.

fast

processing

and FWLite

at Tier3

Final analysis pre-selection at Tier2
Final samples

shipped at Tier3 

Analysis scenario
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Possible analysis workflows (II)

RECO AODRAW

First pass at Tier0

Central analysis skims at Tier1

AOD

RECO, AOD

shipped at Tier1

Analysis algos

Analysis Data

AOD +
Analysis skim

output shipped 

at Tier2

Analysis Data

AOD + Further selection,

Reduced output
Analysis Data

Fewer AOD coll.

fast

processing

and FWLite

at Tier3

Final analysis pre-selection at Tier2
Final samples

shipped at Tier3 

Analysis scenario

Full reprocessing
 ~ twice a year (?)

Reprocess central analysis 
skims every ~2 months (?)

Reprocess Tier2 analysis
selection every ~2 weeks 

Analyze data locally daily 
with frequent developments
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• multiple strategies for different people
(there is no one size fits it all)

• flexibility for future changes
• avoid too many private NTuple formats
• finally physicists vote with their feet...

25

Reason of providing different 
analysis environments
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• without CMSSW installation
• very basic analysis
• only access to object members

26

Bare ROOT
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bare ROOT

root.exe
[] TFile f("aod.root")
[] new TBrowser()
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bare ROOT

access only to 
private members!
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• reading produced root files
• full access to the class methods
• no need to write full-blown 

framework modules
• CINT, C++, Python
• TSelectors possible as well

29

FWLite
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FWLite

[] gSystem->Load("libFWCoreFWLite");
[] AutoLibraryLoader::enable();
[] new TBrowser();

Automatic library loading
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reading collections of objects

31

#include “DataFormats/FWLite/interface/Handle.h”

TFile theFile("aod.root");
fwlite::Event ev(&theFile);

for( ev.toBegin(); !ev.atEnd(); ++ev) {

  fwlite::Handle<std::vector<Track> > tracks;
  tracks.getByLabel(ev, "trackFinder");
}
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Python Example Code

32

from ROOT import * 
from cmstools import *

### prepare the FWLite autoloading mechanism
gSystem.Load("libFWCoreFWLite.so")
AutoLibraryLoader.enable()

# the event loop
events = EventTree("aod.root")
for event in events:
    photons = event.photons

    
    selectedPhotons = [p for p in photons if 
                        (p.pt()>20 and p.eta()<2.5) ]      

no need to know
 the type beforehand
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• For CMS Data the transient and persistent 
representation are identical

• Event content definition is quite flexible 
• Common Candidate definition as base of 

higher level analysis tools
• Multiple analysis environments for different 

analysis practices 

33

Summary
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Thanks for your attention!
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t t t t t tTrack … Kinematics
(helix parameters)

35

Object collections can be split into different products

This allows to define different levels of details 
avoiding to store redundant information

Modular Event Products

T T T T TTracksExtra T … Track extrapolation,
references to RecHits

h h h h hTracksHits h h h h h h h h h … RecHits

A
O

D
R

E
C

O



Benedikt Hegner                                                DESY Hamburg 36

BACKUP
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AOD Event size (kB/ev)

met:0,9

hybridSuperClusters:0,9

correctedHybridSuperClusters:0,
9

islandSuperClusters:0,8
islandSuperClusters:0,8 correctedEndcapSuperClustersW

ithPreshower:0,8 correctedIslandEndcapSuperClus
ters:0,7

rsWithMaterialTracks:3,2

pixelTracks:6,6

caloTowers:7,5

ctfWithMaterialTracks:8,2

towerMaker:10,0

genParticleCandidates:22,0

Kt10GenJetsNoNu:2,6

Fastjet6GenJets:2,9

Fastjet6GenJetsNoNu:2,9

Fastjet10GenJets:2,6

Fastjet10GenJetsNoNu:2,6
islandBasicClusters:2,6

Kt10GenJets:2,6islandBasicClusters:2,4

Fastjet10E1CaloJets:2,3
iterativeCone5GenJets:2,2

iterativeCone5GenJetsNoNu:2,2
iterativeCone7GenJets:2,2

iterativeCone7GenJetsNoNu:2,2

midPointCone5GenJets:2,0

midPointCone5GenJetsNoNu:2,0

midPointCone7GenJets:1,9

midPointCone7GenJetsNoNu:1,9

hybridSuperClusters:1,9

Fastjet6CaloJets:1,7

Fastjet10CaloJets:1,6

Kt10CaloJets:1,6

iterativeCone5CaloJets:1,6
midPointCone7CaloJets:1,6

midPointCone5CaloJets:1,5

iterativeCone7CaloJets:1,5

siStripElectrons:1,3
pixelMatchGsfElectrons:1,3

islandBasicClusters:1,2

islandBasicClusters:1,3

pixelMatchGsfFitBarrel:1,1

photons:0,9

correctedPhotons:0,9

hybridSuperClusters:0,9
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the AOD size

uncompressed size
compressed size

$ edmEventSize

• 134 kB/ev 

• 116 kB/ev without header 
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Generator information

Generator
22.0

Gen Jets
35.1

Calo Jets
18.6

Tracks
18.0

Ecal/Tower
32.2

7.9
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Generator jets

iterativeCone7GenJets
midPointCone7GenJets
iterativeCone5GenJets
midPointCone5GenJets
(Kt10GenJets)
Fastjet10GenJets
Fastjet6GenJets
         +
the same jets without
invisible particles

14 jet types

Generator
22.0

Gen Jets
35.1

Calo Jets
18.6

Tracks
18.0

Ecal/Tower
32.2

7.9



Benedikt Hegner                                                DESY Hamburg 41

Calorimeter jets

iterativeCone7CaloJets
midPointCone7CaloJets
iterativeCone5CaloJets
midPointCone5CaloJets
(Kt10CaloJets)
Fastjet10CaloJets
Fastjet6CaloJets
Fastjet10E1CaloJets

8 jet types

Generator
22.0

Gen Jets
35.1

Calo Jets
18.6

Tracks
18.0

Ecal/Tower
32.2

7.9

!
all information for jet and met

re-reconstruction included
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Track information

ctfWithMaterialTracks
rsWithMaterialTracks
pixelTracks

Generator
22.0

Gen Jets
35.1

Calo Jets
18.6

Tracks
18.0

Ecal/Tower
32.2

7.9
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Ecal, egamma, caloTowers...

caloTowers
4 * islandBasicClusters
3 * hybridSuperClusters
3 * special clusters
---------------------------
siStripElectrons        
pixelMatchGsfElectrons
pixelMatchGsfFitBarrel
convertedPhotons
correctedPhotons
photons

each between 0.8 - 2.6 kB/ev

             +
    some special tracks

Generator
22.0

Gen Jets
35.1

Calo Jets
18.6

Tracks
18.0

Ecal/Tower
32.2

7.9
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Other content

met
genMet
genMetNoMu
globalMuons
standaloneMuons
trigger
...

Generator
22.0

Gen Jets
35.1

Calo Jets
18.6

Tracks
18.0

Ecal/Tower
32.2

7.9
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Reducing the size

Tracks
18.0

Ecal/Tower
25.2

6.0

AOD without generator information 
and “redundancies”  

(at least how I understood it)

51.2 kB/ev
Generator

22.0

Gen Jets
35.1

Calo Jets
18.6

Tracks
18.0

Ecal/Tower
32.2

7.9
133 kB/ev
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Output of EventContentAnalyzer I

++CaloTowersSorted "towerMaker" ""
++TrackingRecHitsOwned "pixelTracks" ""
++edmHepMCProduct "VtxSmeared" ""
++edmTriggerResults "TriggerResults" ""
++recoBasicClusters "hybridSuperClusters" ""
++recoBasicClusters "islandBasicClusters" "islandBarrelBasicClusters"
++recoBasicClusters "islandBasicClusters" "islandEndcapBasicClusters"
++recoBasicClustersrecoClusterShapesuintedmOneToOneedmAssociationMap "hybridSuperClusters" "hybridShapeAssoc"
++recoBasicClustersrecoClusterShapesuintedmOneToOneedmAssociationMap "islandBasicClusters" "islandBarrelShapeAssoc"
++recoBasicClustersrecoClusterShapesuintedmOneToOneedmAssociationMap "islandBasicClusters" "islandEndcapShapeAssoc"
++recoCaloJets "Fastjet10CaloJets" ""
++recoCaloJets "Fastjet10E1CaloJets" ""
++recoCaloJets "Fastjet6CaloJets" ""
++recoCaloJets "Kt10CaloJets" ""
++recoCaloJets "iterativeCone5CaloJets" ""
++recoCaloJets "iterativeCone7CaloJets" ""
++recoCaloJets "midPointCone5CaloJets" ""
++recoCaloJets "midPointCone7CaloJets" ""
++recoCaloJetsrecoTracksuintedmOneToManyedmAssociationMap "jetTracksAssociator" ""
++recoCaloMETs "met" ""
++recoCandidatesOwned "caloTowers" ""
++recoCandidatesOwned "genParticleCandidates" ""
++recoCandidatesOwned "genParticlesAllStable" ""
++recoCandidatesOwned "genParticlesAllStableNoNu" ""
++recoClusterShapes "hybridSuperClusters" ""
++recoClusterShapes "islandBasicClusters" "islandBarrelShape"
++recoClusterShapes "islandBasicClusters" "islandEndcapShape"
++recoElectrons "btagSoftElectrons" ""
++recoElectrons "siStripElectronToTrackAssociator" "siStripElectrons"

just for 
completeness!
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Output of EventContentAnalyzer II

++recoGenJets "Fastjet10GenJets" ""
++recoGenJets "Fastjet10GenJetsNoNu" ""
++recoGenJets "Fastjet6GenJets" ""
++recoGenJets "Fastjet6GenJetsNoNu" ""
++recoGenJets "Kt10GenJets" ""
++recoGenJets "Kt10GenJetsNoNu" ""
++recoGenJets "iterativeCone5GenJets" ""
++recoGenJets "iterativeCone5GenJetsNoNu" ""
++recoGenJets "iterativeCone7GenJets" ""
++recoGenJets "iterativeCone7GenJetsNoNu" ""
++recoGenJets "midPointCone5GenJets" ""
++recoGenJets "midPointCone5GenJetsNoNu" ""
++recoGenJets "midPointCone7GenJets" ""
++recoGenJets "midPointCone7GenJetsNoNu" ""
++recoGenMETs "genMet" ""
++recoGenMETs "genMetNoNu" ""
++recoGsfTracks "pixelMatchGsfFitBarrel" ""
++recoGsfTracks "pixelMatchGsfFitEndcap" ""
++recoIsolatedTauTagInfos "coneIsolationTauJetTags" ""
++recoJetTags "coneIsolationTauJetTags" ""
++recoJetTags "softElectronJetTags" ""
++recoJetTags "softMuonJetTags" ""
++recoJetTags "trackCountingJetTags" ""
++recoMuons "globalMuons" ""
++recoPhotons "correctedPhotons" ""
++recoPhotons "photons" ""

++recoPixelMatchGsfElectrons "pixelMatchGsfElectrons" ""
++recoSiStripElectrons "siStripElectrons" ""
++recoSoftLeptonTagInfos "softElectronJetTags" ""
++recoSoftLeptonTagInfos "softMuonJetTags" ""
++recoSuperClusters "correctedEndcapSuperClustersWithPreshower" ""
++recoSuperClusters "correctedHybridSuperClusters" ""
++recoSuperClusters "correctedIslandEndcapSuperClusters" ""
++recoSuperClusters "hybridSuperClusters" ""
++recoSuperClusters "islandSuperClusters" "islandBarrelSuperClusters"
++recoSuperClusters "islandSuperClusters" "islandEndcapSuperClusters"
++recoTrackCountingTagInfos "trackCountingJetTags" ""
++recoTrackExtras "pixelTracks" ""
++recoTracks "ctfWithMaterialTracks" ""
++recoTracks "globalMuons" ""
++recoTracks "pixelTracks" ""
++recoTracks "rsWithMaterialTracks" ""
++recoTracks "standAloneMuons" ""
++recoTracks "standAloneMuons" "UpdatedAtVtx"
++recoVertexs "offlinePrimaryVerticesFromCTFTracks" ""
++recoVertexs "offlinePrimaryVerticesFromRSTracks" ""
++recoVertexs "pixelVertices" ""

just for 
completeness!
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AODSIMEventContent

"drop *" 
"keep *_islandBasicClusters_*_*" 
"keep *_islandSuperClusters_*_*" 
"keep *_hybridSuperClusters_*_*" 
"keep *_correctedIslandEndcapSuperClusters_*_*" 
"keep *_correctedHybridSuperClusters_*_*" 
"keep 
recoSuperClusters_correctedEndcapSuperClustersWithPreshower_*_*" 
"keep *_piZeroDiscriminators_*_*" 
"keep *_CkfElectronCandidates_*_*" 
"keep recoTracks_GsfElectrons_*_*" 
"keep recoTracks_ctfWithMaterialTracks_*_*" 
"keep recoTracks_rsWithMaterialTracks_*_*" 
"keep recoCaloJets_*_*_*" 
"keep *_caloTowers_*_*" 
"keep *_towerMaker_*_*" 
"drop *_genCandidatesForMET_*_*" 
"keep recoCaloMETs_*_*_*" 
"keep recoGenMETs_*_*_*" 
"keep recoTracks_standAloneMuons_*_*" 
"keep recoTracks_globalMuons_*_*" "keep recoMuons_globalMuons_*_*" 
"keep recoTracks_ctfWithMaterialTracks_*_*" 
"keep recoTracks_rsWithMaterialTracks_*_*" 
"keep *_jetTracksAssociator_*_*" 
"keep *_trackCountingJetTags_*_*" 
"keep *_btagSoftElectrons_*_*" 
"keep *_softElectronJetTags_*_*" 
"keep *_softMuonJetTags_*_*" 
"keep *_coneIsolationTauJetTags_*_*" 
"keep  *_offlinePrimaryVerticesFromCTFTracks_*_*" 
"keep  *_offlinePrimaryVerticesFromRSTracks_*_*" 

"keep *_pixelMatchGsfElectrons_*_*" 
"keep *_siStripElectronToTrackAssociator_*_*" 
"keep recoSiStripElectrons_siStripElectrons_*_*" 
"keep recoTracks_egammaCtfWithMaterialTracks_*_*" 
"keep recoTracks_egammaCtfWithMaterialTracksBarrel_*_*" 
"keep recoTracks_egammaCtfWithMaterialTracksEndcap_*_*" 
"keep recoGsfTracks_pixelMatchGsfFitBarrel_*_*" 
"keep recoGsfTracks_pixelMatchGsfFitEndcap_*_*" 
"keep *_photons_*_*" 
"keep *_correctedPhotons_*_*" 
"keep *_convertedPhotons_*_*" 
"keep *_conversionTrackCandidates_*_*" 
"keep recoTracks_ckfOutInTracksFromConversionsBarrel_*_*" 
"keep recoTracks_ckfInOutTracksFromConversionsBarrel_*_*" 
"keep recoTracks_ckfOutInTracksFromConversionsEndcap_*_*" 
"keep recoTracks_ckfInOutTracksFromConversionsEndcap_*_*" 
"keep *_pixelTracks_*_*" 
"keep *_pixelVertices_*_*" 
"keep recoHLTGlobalObject_*_*_*" 
"keep recoHLTPathObject_*_*_*" 
"keep recoHLTFilterObjectBase_*_*_*" 
"keep recoHLTFilterObject_*_*_*" 
"keep edmTriggerResults_*_*_*" 
"keep edmHepMCProduct_VtxSmeared_*_*" 
"keep *_genParticleCandidates_*_*" 
"keep recoGenJets_*_*_*" 
"keep *_genParticleCandidates_*_*" 
"keep *_genParticlesAllStable_*_*" 
"keep *_genParticlesAllStableNoNu_*_*"

just for 
completeness!
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Diff between AOD and RECO

< ++CSCDetIdCSCComparatorDigiMuonDigiCollection "muonCSCDigis" "MuonCSCComparatorDigi"
< ++CSCDetIdCSCRecHit2DsOwnedRangeMap "csc2DRecHits" ""
< ++CSCDetIdCSCSegmentsOwnedRangeMap "cscSegments" ""
< ++CSCDetIdCSCStripDigiMuonDigiCollection "muonCSCDigis" "MuonCSCStripDigi"
< ++CSCDetIdCSCWireDigiMuonDigiCollection "muonCSCDigis" "MuonCSCWireDigi"
< ++DTChamberIdDTRecSegment4DsOwnedRangeMap "dt4DSegments" ""
< ++DTLayerIdDTDigiMuonDigiCollection "muonDTDigis" ""
< ++DTLayerIdDTRecHit1DPairsOwnedRangeMap "dt1DRecHits" ""
< ++DetIdSiPixelRecHitsOwnedRangeMap "siPixelRecHits" ""
< ++DetIdSiStripMatchedRecHit2DsOwnedRangeMap "siStripMatchedRecHits" "matchedRecHit"
< ++DetIdSiStripRecHit2DsOwnedRangeMap "siStripMatchedRecHits" "rphiRecHit"
< ++DetIdSiStripRecHit2DsOwnedRangeMap "siStripMatchedRecHits" "stereoRecHit"
< ++EBDataFramesSorted "ecalDigis" "ebDigis"
< ++EEDataFramesSorted "ecalDigis" "eeDigis"
< ++ESDataFramesSorted "ecalPreshowerDigis" ""
< ++EcalRecHitsSorted "ecalPreshowerRecHit" "EcalRecHitsES"
< ++EcalRecHitsSorted "ecalRecHit" "EcalRecHitsEB"
< ++EcalRecHitsSorted "ecalRecHit" "EcalRecHitsEE"
< ++EcalUncalibratedRecHitsSorted "ecalWeightUncalibRecHit" "EcalUncalibRecHitsEB"
< ++EcalUncalibratedRecHitsSorted "ecalWeightUncalibRecHit" "EcalUncalibRecHitsEE"
< ++HBHEDataFramesSorted "hcalDigis" ""
< ++HBHERecHitsSorted "hbhereco" ""
< ++HFDataFramesSorted "hcalDigis" ""
< ++HFRecHitsSorted "hfreco" ""
< ++HODataFramesSorted "hcalDigis" ""
< ++HORecHitsSorted "horeco" ""
< ++PCaloHits "g4SimHits" "CaloHitsTk"
< ++PCaloHits "g4SimHits" "EcalHitsEB"
< ++PCaloHits "g4SimHits" "EcalHitsEE"
< ++PCaloHits "g4SimHits" "EcalHitsES"
< ++PCaloHits "g4SimHits" "HcalHits"

just for 
completeness!
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Diff between AOD and RECO

< ++PSimHits "g4SimHits" "MuonCSCHits"
< ++PSimHits "g4SimHits" "MuonDTHits"
< ++PSimHits "g4SimHits" "MuonRPCHits"
< ++PSimHits "g4SimHits" "TrackerHitsPixelBarrelHighTof"
< ++PSimHits "g4SimHits" "TrackerHitsPixelBarrelLowTof"
< ++PSimHits "g4SimHits" "TrackerHitsPixelEndcapHighTof"
< ++PSimHits "g4SimHits" "TrackerHitsPixelEndcapLowTof"
< ++PSimHits "g4SimHits" "TrackerHitsTECHighTof"
< ++PSimHits "g4SimHits" "TrackerHitsTECLowTof"
< ++PSimHits "g4SimHits" "TrackerHitsTIBHighTof"
< ++PSimHits "g4SimHits" "TrackerHitsTIBLowTof"
< ++PSimHits "g4SimHits" "TrackerHitsTIDHighTof"
< ++PSimHits "g4SimHits" "TrackerHitsTIDLowTof"
< ++PSimHits "g4SimHits" "TrackerHitsTOBHighTof"
< ++PSimHits "g4SimHits" "TrackerHitsTOBLowTof"
< ++PixelDigiSimLinkedmDetSetVector "siPixelDigis" ""
< ++PixelDigiedmDetSetVector "siPixelDigis" ""
< ++RPCDetIdRPCDigiMuonDigiCollection "muonRPCDigis" ""
< ++RPCDetIdRPCRecHitsOwnedRangeMap "rpcRecHits" ""
< ++SiPixelClusteredmDetSetVector "siPixelClusters" ""
< ++SiStripClusteredmDetSetVector "siStripClusters" ""
< ++SiStripDigiedmDetSetVector "siStripDigis" ""
< ++SimTracks "g4SimHits" ""
< ++SimVertexs "g4SimHits" ""
< ++StripDigiSimLinkedmDetSetVector "siStripDigis" ""
< ++TrackCandidates "siStripElectrons" ""
< ++TrackingParticles "trackingtruth" "TrackTruth"
< ++TrackingRecHitsOwned "ctfWithMaterialTracks" ""
< ++TrackingRecHitsOwned "globalMuons" ""
< ++TrackingRecHitsOwned "pixelMatchGsfFitBarrel" ""
< ++TrackingRecHitsOwned "pixelMatchGsfFitEndcap" ""
< ++TrackingRecHitsOwned "rsWithMaterialTracks" ""
< ++TrackingRecHitsOwned "standAloneMuons" ""

just for 
completeness!
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Diff between AOD and RECO

TrackingVertexs "trackingtruth" "VertexTruth"
TrajectorySeeds "MuonSeed" ""
TrajectorySeeds "electronPixelSeeds" "correctedEndcapSuperClustersWithPreshower"
TrajectorySeeds "electronPixelSeeds" "correctedHybridSuperClusters"
TrajectorySeedsrecoSuperClustersuintedmOneToOneedmAssociationMap "electronPixelSeeds" "correctedEndcapSuperClustersWithPreshower"
TrajectorySeedsrecoSuperClustersuintedmOneToOneedmAssociationMap "electronPixelSeeds" "correctedHybridSuperClusters"
TrajectorysrecoTracksushortedmOneToOneedmAssociationMap "ctfWithMaterialTracks" ""
TrajectorysrecoTracksushortedmOneToOneedmAssociationMap "rsWithMaterialTracks" ""
recoGsfTrackExtras "pixelMatchGsfFitBarrel" ""
recoGsfTrackExtras "pixelMatchGsfFitEndcap" ""
recoGsfTracksTrajectorySeedsuintedmOneToOneedmAssociationMap "pixelMatchGsfFitBarrel" ""
recoGsfTracksTrajectorySeedsuintedmOneToOneedmAssociationMap "pixelMatchGsfFitEndcap" ""
recoPreshowerClusters "correctedEndcapSuperClustersWithPreshower" "preshowerXClusters"
recoPreshowerClusters "correctedEndcapSuperClustersWithPreshower" "preshowerYClusters"
recoSuperClusters "correctedIslandBarrelSuperClusters" ""
recoTrackExtras "ctfWithMaterialTracks" ""
recoTrackExtras "globalMuons" ""
recoTrackExtras "pixelMatchGsfFitBarrel" ""
recoTrackExtras "pixelMatchGsfFitEndcap" ""
recoTrackExtras "rsWithMaterialTracks" ""
recoTrackExtras "standAloneMuons" ""

just for 
completeness!
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Data inside an event are called “products” 
and identified by: 

Summary about event data

• Single objects of any type
• Collection of objects
• Persistent References to other products

• Type
• Label of the producing module
• Instance label
• Process name 

Products can be

Products have
• provenance information
• a root branch they are stored in
• a dictionary to describe them


