
Single Top and Associate Vector Boson 
Production

Outline :
➢ Single top cross section measurement
➢ Heavy di-boson cross section

➢ WZ 
➢ ZZ 
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Single Top Cross Section: Introduction

LO diagrams

Most important NLO diagram
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Single Top Cross Section: Why Interesting?
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Single Top: Event Topology
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Single Top Cross background process
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Single Top: background estimation
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Single Top: events selection
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Single Top: Analysis Strategy
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Single Top: Decision Tree example
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Single Top: Cross Section measurement

Fit output 
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Single Top: Results
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Single Top: Significance

Cross Section:
● Bayesian treatment (flat prior in s+t)
● Binned Likelihood fit including all rate
    and shape systematic uncertainties

p-value defined via likelihood
ratio is the most powerful 
criteria to distinguish among
two hypothesis

Significance definition
➢ Perform Pseudo-experiments (PE) 
    with and without single top
✗ fluctuate systematic rate and shape in PE
✗ binned likelihood fit for each PE

➢ -2ln(Q), Q=L(SM s+t)/L(s+t=0)

Probability for data to come only 
from background
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Single Top Combined Cross Section
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Single Top Cross Section Results

Wait for more data!
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Heavy di-boson Production: Introduction
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Heavy di-boson Production: Introduction
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Heavy di-boson Production: Analysis 

Decay modes used:

Fully leptonic decay modes
● small branching ratio
● low background

Semi-leptonic decay modes
● branching ratio ~10xleptonic
● background ~1000xleptonic
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Heavy di-boson Production: Techniques
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Heavy di-boson Production: Techniques
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Heavy di-boson Production: WZ search

WZ->ℓℓℓ 
Events Selection:
➢ 3 high Pt leptons: one pair of same flavor. 
   Opposite sign lepton must be consistent with Z mass
➢ MET 

Main Backgrounds: 
 Z+Jets, Z+  and tt

Use Monte Carlo to simulate:
WZ, ZZ, Z and tt
Use a combination of data and Monte Carlo to measure Z+Jets
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Heavy di-boson Production: WZ search

MET
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Heavy di-boson Production: WZ result
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Heavy di-boson Production: ZZ search
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Heavy di-boson Production: ZZ search
Events Selection:
Z->ℓℓℓℓ 
- 4 high Pt leptons        
   1 lepton pair: 76<Mℓℓ<106 GeV
   1 lepton pair: 40<Mℓℓ<140 GeV

Use Monte Carlo to simulate:
ZZ and  Z Use a combination of data and MC to measure Z+Jets

Main Backgrounds: 
 Z+Jets:     
   two jets  misidentified as leptons
 Z+
  and jets misidentified as leptons
 fakes like trackless electrons

 WW     

 W+jets

 WZ

 Z->ℓℓ
 - 2 high Pt leptons 
 - MET significance >2.5 GeV1/2

 - Njet<2 to cut tt
 - MET not along leptons
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Heavy di-boson Production: ZZ->ℓℓℓℓ

Three candidates out of five
pass the mass cuts
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Heavy di-boson Production: ZZ->ℓℓ

Signal and background expectations

Fit to extract 
the p-value and
the cross section
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Heavy di-boson: ZZ->ℓℓℓℓ+ZZ->ℓℓ

Combine the two modes:
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Heavy di-boson: ZZ->ℓℓℓℓ+ZZ->ℓℓ



Donatella Lucchesi 29

Event Display:Z->4leptons



Donatella Lucchesi 30

Event Display:Z->2lepton+
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Summary

Next two lessons
will be for high
statistic sample


