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❏  The top quark was predicted by Kobayashi and Moskawa during the explanation of the observed CP 
violation in 1973 

❏  Discovered in 1995 at Tevatron collider at Fermilab, by the CDF and D0 experiments 

❏  The LHC using  collisions is known as a top factory 
• ATLAS and CMS collected dataset counting  1 millions of top quark events  

❏ Unique Properties  
• Most massive fundamental particle (  GeV) 
• Strong coupling with the Higgs boson and new predicted particles in the BSM 
• Short lifetime (  )
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∼ 4 × 10−25s
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Top Quark



Production Decays
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Top Quark



❏ This research aims to compare real data with 
the estimations made by different Monte Carlo 
generators.  

❏ Compared the modelling of some important 
observables (e.g. Electron transverse 
momentum (Electron )) with different Monte 
Carlo generators.  

❏ An extended -test is performed to compare 
data and Monte Carlo predictions.   

❏ The full dataset of the LHC Run 2 in proton-
proton collisions at  TeV collected by 
ATLAS detector 
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Introduction



❏ Top quark has an important role in the BSM, Higgs boson and exploiting bare quarks 

❏ It is important to measure the top quark properties with high precisions 

❏ Extraction of information from the experimental data requires to use theoretical predictions (MC 
generators) 

❏ To produce digital twins of the real data the following MC generators are used: 
❏ POWHEG+PYTHIA 8 
❏ POWHEG+HERWIG7.0 
❏ POWHEG+HERWIG7.1 
❏ POWHEG+PYTHIA 8  
❏ aMC@NLO+PYTHIA 8 
❏ aMC@NLO+HERWIG7.1 

❏ Thus it is crucial to identify the most precise generator for the production of  events 
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Motivation



ATLAS Detector
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❏  A simple procedure that validates the consistency in an experiment between two distributions 
(e.g. data and prediction) 

❏  -test: Used to compare data event counts with a sum of predictions 

❏For the uncorrelated uncertainties in each bin of a histogram           

                                       

❏For the correlated systematic uncertainties across all bins of a prediction 
        
                                      

For given a set of  systematic uncertainties impacting the prediction, representing by  
alternative prediction histograms,  
and                              

•  and  run on bins,  runs on independent sources of systematic uncertainty
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Statistical Analysis
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Results
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Conclusions

❏ The best MC generator for describing each of the selected observables is POWHEG+PYTHIA8 
followed by POWHEG+HERWIG7.1  

❏ The poor level of agreement is provided by aMC@NLO+HERWIG7.1 and  POWHEG+PYTHIA 8 
  

❏ The main contribution to the total systematic uncertainty for all of the selected observables are 
from jet energy scale, jet energy resolution and electron identification uncertainties
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The Standard Model (SM) of Particle Physics

❑ The SM describes the fundamental particles and how they 
interact via three of the four fundamental forces of nature- strong 
interaction, weak interaction, electromagnetic interaction- gravity 
is not included 

❑ Fundamental particles: Classified in two categories 

● The fermions: Have spin 1/2 and comprised of 
➣ The Quarks (up, down, charm, strange, top, bottom) 
➣ The leptons (electrons, muons, taus, and neutrinos) 

●  The bosons: Are the force mediators of the electromagnetic, 
strong and weak interactions 

➢ Photons (spin-1)
➢ Gluons (spin-1)
➢ Vector bosons (W and Z bosons, spin-1) 
➢ Higgs boson (spin-0)
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Experimental Setup

❏The Large Hadron Collider (LHC): The world’s powerful and highest 
energy particle accelerator 

• The Circumference of LHC ring is 27km installed roughly 100m underground 
at CERN, near Geneva, Switzerland. 

• The four main experiments are ATLAS (multi purpose detector), CMS (multi 
purpose detector), ALICE (heavy-ion physics), and LHCb (bottom quark 
physics) 

• The LHC provides collisions of both protons and heavy-ions 

❏Centre-of-mass energies of proton-proton collisions at the LHC:

• √s = 7 TeV in  Run 1 (2010-11)
• √s = 8 TeV in  Run 1 (2012)
• √s = 13 TeV in Run 2 (2015-18)
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Basic Concepts

❏ The centre-of-mass energy or the total energy of the colliding 
system is  

❏  The centre-of-mass energy in a collision of two hadron pair 
is denoted by  

❏ Integrated luminosity ( ): Describes the cumulative 
number of potential collisions over a given period 

 

❏ Cross-section ( ): Gives the probability that how often protons 
collide 

Ecm = 2E

s

ℒint

N = ∫ ℒdt ⋅ σpp = ℒint ⋅ σpp

σpp

❏ Proton-proton collisions: The proton is a composite particle, has 
three valence quarks uud and  a virtual or sea of quark-antiquark 
and gluons 

❏ When proton is at rest:  
❏  Three valence quarks carry large amount of protons 

momentum 

❏ When proton is accelerated: 
❏ Gluons carry a large amount of momentum  

❏ In the colliders, the collision of the protons is a hard interaction 
between one of the constituents of the first proton and one 
constituent of the second proton 
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Results
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