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Purpose : Looking into the PFjet and the muons inside it. Comparing with gen level info.

Workflow

MINIAODSIM
Skimmed 

MINIAODSIM
Ntuple like

custom root
Plot

EDFilter
branch drop

EDAnalyzer
Jet-muon indexing

Macro
Draw hist and graph
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Generator Object

• genJet : slimmedGenJets(reconstructed gen jet with anti-kt R=0.4)

• genMuon : packedGenParticles(slimmed gen particle with pdgID = ±13 (muon))

Object Definition
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Reconstructed Object

• patJet : slimmedJetsPuppi(ak4PFPuppiJets)

• JetID : 

• Jet Selection : 𝑝𝑡 > 30 𝐺𝑒𝑉 && 𝜂 ≤ 2.5  𝑜𝑟 𝑝𝑡 > 50 𝐺𝑒𝑉 && 2.5 < 𝜂 < 3.0

• muon : packedPFCandidates(slimmed PFCandidates with pdgID = ±13 (muon))

Object Definition

For AK4 PUPPI jets

PF Jet ID |η| <= 2.6 2.6 < |η| <= 2.7 2.7 < |η| <= 3.0 3.0 < |η| <= 5.0

Neutral Hadron Fraction < 0.99 < 0.90 < 0.99 -

Neutral EM Fraction < 0.99 < 0.99 - < 0.4

Number of Constituents > 1 - - -

Charged Hadron Fraction > 0.01 - - -

Charged Multiplicity > 0 - - -

Number of Neutral Particles - - - > =2
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MC era : Run3Summer22

ttbar to semi leptonic : TTtoLNu2Q_TuneCP5_13p6TeV_powheg-pythia8 

Event Selection

• Exact 1 prompt lepton

• prompt lepton criteria
▪ PAT electron

▪ pt > 30 GeV

▪ mva electron ID tight (egmGsfElectronIDs:mvaEleID-RunIIIWinter22-iso-V1-wp90)

▪ mva_Isolated > 0.9  (Multivariate Analysis based isolation score)

▪ PAT muon
▪ pt > 24GeV

▪ muon Tight ID (Cut based ID Tight)

▪ Tight PF Isolation ( 𝐼𝑠𝑜𝑃𝐹
𝑅𝑒𝑙 < 0.15, R=0.4)

• At least one jet which is 𝑝𝑡 > 30 𝐺𝑒𝑉 && 𝜂 ≤ 2.4

MC Samples
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Jet Multiplicity

total number of events : 4,885,902

ttbar to SL jet distribution
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Muon multiplicity in each Jet

Total number of Jets : 11,904,565

※ Jet matching applied

ttbar to SL muon distribution in Jets
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average muon multiplicity in jet   average muon multiplicity in jet (0 or 1 muon)

ttbar to SL muon distribution in Jets

-1.2
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Muons pt in Jet 

patJetMuon entries: 4,115,736

genJetMuon entries : 4,046,825

ttbar to SL muon distribution in Jets
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1st  Leading Muons pt in Jet 

patJetMuon entries: 4,092,466

genJetMuon entries : 3,853,758

ttbar to SL muon distribution in Jets
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2nd Leading Muons pt in Jet 

patJetMuon entries: 22,836

genJetMuon entries : 9,668

ttbar to SL muon distribution in Jets
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Matching Condition

• same sign charge

• dR < 0.3

• (PFcandidatemuon_pt – recomuon_pt) /recomuon_pt < 0.5 

PFcandidate muon – reco muon matching



13.May 12, 2025. 13.May 12, 2025.

Muon jet with PFcandidate muon          Muon jet with matched PFcandidate muon

#Jets : 4,247,138     #Jets : 4,005,782

PFcandidate muon – reco muon matching
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Muon multiplicity in each Jet

Total number of Jets : 17,101,314

ttbar to SL muon distribution in Jets(SoftMuon ID apply)



15.May 12, 2025. 15.May 12, 2025.

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
#(𝑆𝑜𝑓𝑡𝑀𝑢𝑜𝑛𝐼𝐷 && 𝑚𝑎𝑡𝑐ℎ𝑒𝑑 𝑝𝑎𝑡𝑀𝑢𝑜𝑛)

#𝑔𝑒𝑛𝑀𝑢𝑜𝑛

Soft Muon Efficiency in Jet
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𝐹𝑎𝑘𝑒𝑅𝑎𝑡𝑒 =
#(! 𝑚𝑎𝑡𝑐ℎ𝑒𝑑 𝑝𝑎𝑡𝑀𝑢𝑜𝑛  && 𝑆𝑜𝑓𝑡𝑀𝑢𝑜𝑛𝐼𝐷)

#(! 𝑚𝑎𝑡𝑐ℎ𝑒𝑑 𝑝𝑎𝑡𝑀𝑢𝑜𝑛 )

Soft Muon Fake Rate in Jet
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backup - ttbar toSL Jet distribution

𝑝𝑇𝐽𝑒𝑡 > 30 𝐺𝑒𝑉                            𝑝𝑇𝐽𝑒𝑡 > 30 𝐺𝑒𝑉 𝑎𝑛𝑑 𝑝𝑇𝐽𝑒𝑡 > 50 𝐺𝑒𝑉 𝑓𝑜𝑟2.5 < 𝜂 < 3.0

                   #Jets : 12,216,318                                                                #Jets : 11,555,300
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https://gitlab.cern.ch/cms-jetmet/coordination/coordination/-/issues/113

backup - ttbar toSL Jet distribution
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average muon energy fraction in jet         average muon energy fraction in jet (0 or 1 muon)

backup - ttbar toSL muon energy fraction distribution in Jets
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※ Object definition in miniAODSIM

(Type “module” : description)

gen level object

reco::GenJet "slimmedGenJets" : reconstructed gen jet with anti-kt R=0.4

reco::GenParticle "prunedGenParticles" : slimmed gen particle

pat::PackedGenParticle "packedGenParticles" : more slimmed gen particle than “prunedGenParticles”

reco level object

pat::Jet "slimmedJetsPuppi" : ak4 PFJets Puppi 

pat::Muon "slimmedMuons" : slimmed reco muon

pat::PackedCandidate "packedPFCandidates" : slimmed PFCandidates

Backup - Object Definition
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miniAOD structure and its reference call methods 

Backup – miniAOD structure

<reco::GenJet>
slimmedGenJets

<reco::GenParticle>
prunedGenParticles

<pat::Jet>
slimmedJetsPuppi

<pat::PackedGenParticle>
packedPFCandidates

<pat::PackedCandidate>
packedPFCandidates

<pat::Muon>
slimmedMuonsgenParticles()

genJet() begin(),end()

begin(),end()

packedPFCandidateToGenAssociation

packedPFCandidateToGenAssociation
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NanoAOD also use ak4PFPuppiJets

Backup - Jet
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Definition

# of PFCandidate muon in 
PFJet

In Gen case also use PF-like 
definition.

Backup - muonMultiplicity
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