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Introduction 
Normalized differential cross sections for top quark pair p
roduction are measured in the dilepton (electron or muo
n) decay channel in proton-proton collisions at a center-
of-mass energy of 13 TeV. The measurement is performed
 at particle level. 

§ Analysis Goal 
 Measure TTbar cross section as a function of kinematic properties
 of leptons, bjets and top quarks in particle level. 



Analysis Channel 
§ What does Particle level mean? 

pseudo top is reconstructed 
using best combination of particle 
level objects. 
defined signal at the generator 
level using pseudo top objects. 
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Introduction 

Representative Feynman-diagram o
f Signal 

TTbar 

§ How to get Top? 
We can only obtain final state objects (lepton
s, jets and MET). 
We can reconstruct Top quark with that. 



Analysis overview 
§ Event selection 
§ Background estimation 
§ Top quark reconstruct 
§ Unfolding (correct for detector effects to particle level) 
§ Get normalized differential cross section distribution 
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Introduction 



Samples 
§ Real data 

Run2015, integrated luminosity 2.2​𝑓𝑏↑−1   
Triggered by 

 
 

§ Monte-Carlo Simulation 
- Signal: ttbar (generated with powheg) 
- Background: *ttothers, Drell-Yan, WJets, 
                         Single top, Diboson (WW, WZ, ZZ) 
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Analysis 

Double electron trigger: electron > 17 & electron >12 GeV 
Double muon trigger: muon > 17 & muon > 8 GeV 
Muon-electron trigger: muon > 17 & electron > 12 GeV or 
                               muon > 8 & electron > 17 GeV 

Representative Feynman-dia
gram of 

Background 

Drell-Yan 

*ttothers:  Events from ttbar sample that does not contain pseudo- 
                top pair are considered as ttothers even though they 
                could contain two leptons in the final state.  



Event Selection 
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Analysis 
•  Dilepton cut 

At least two opposite signed leptons events, Invariant mass of leptons >
 20 GeV 

•  Z boson veto cut 
The Invariant mass vetoed near Z boson mass (91±15 GeV) events for 
ee, mumu channels 

•  Jet multiplicity cut 
At least two jets events 

•  Missing transverse momentum (MET) cut 
MET > 40 GeV events for ee, mumu channels 

•  b-jet cut 
At least one b-jet 



Event Selection 
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Analysis 

Work in progress 

Work in progress 

Work in progress Work in progress 

Work in progress 



Top reconstruction 
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Analysis 
§ Constraints 

2 eque𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 ​𝑚↓𝑡 , ​𝑚↓​𝑡   �
2 𝑒𝑞𝑢𝑒𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 ​𝑚↓​𝑊↑+  , ​𝑚↓​𝑊↑−   
2 𝑒𝑞𝑢𝑒𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 ​( ​​𝑝 ↓𝜈 + ​​𝑝 ↓​𝜈  )↓𝑇 =𝑀𝐸𝑇    

§ Measured input 
2 jets, 2 leptons, MET 

§ Reconstructing each event 100 times and smearing inputs 
- top mass fixed to 172.5 GeV 
- W mass at reconstruction level 
  smeared accordingly to W mass distribution 

mW+mb=mt 

ml+mv=mw 



Top reconstruction 
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Analysis 

Jet pT lepton pT 



Differential cross section 
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Results 
top pT 

top 
rapidity 

ttbar pT 

ttbar 
rapidity 

ttbar ∆∅ 

ttbar mass 



Summary 
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Summary 
• Normalized differential cross sections of top quark pair produ

ction in the dilepton decay channel are measured at particle l
evel in visible phase space with respect to top pT ,top y, ttbar 
pT, ttbar y, ttbar M and ttbar Δϕ . The measured differential cr
oss sections are found to be in agreement with the standard 
model prediction. 



Back up 
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Event Selection 

•  At least two opposite signed leptons 
•  Invariant mass of leptons >20 GeV  

Data and MC show 
Well agreement. 

Added overflow to 
Last bin. 

Fake events in TTbar 
sample 

Size of each bins. 

13 

Analysis 



Samples 
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Event yield table 
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§ Drell-Yan estimation 
Drell-Yan simulation sample is made using a data-driven me
thod. So, it need to be estimated respect to real data. 

Correction 
§ Pileup reweight 

Pileup events (additional collisi
on events) distribution is assum
ed during the MC production 
and reweighted to match the 
pileup effect observed in the r
eal data. 
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Analysis 

Before weighting After weighting 

Work in progress Work in progress 



Purity & stability 
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CMS Work in progress 

CMS Work in progress 

CMS Work in progress 

CMS Work in progress 

CMS Work in progress 

CMS Work in progress 



Response matrix 
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CMS Work in progress CMS Work in progress CMS Work in progress 

CMS Work in progress CMS Work in progress CMS Work in progress 



Systematic uncertainties 
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CMS Work in progress CMS Work in progress CMS Work in progress 

CMS Work in progress CMS Work in progress CMS Work in progress 


