
 
 

  

For hundreds of years, the people of this world have tried to 
answer the most fundamental questions we can ask. What is 
consciousness?  Why do we dream?  Are we alone in the 
Universe?  How did life begin?  How did the Universe begin?  
What is the Universe made of and how does it work? These are 
all difficult questions and particle physics attempts to answer 
the last one. 
The standard model of particle physics provides a set of 
particles and interactions to describe the Universe. It is an 
extremely successful model describing how particles interact at 
energy scales over many orders of magnitude. It is however, 
incomplete. It fails to include the simple action of an apple 
falling to the ground or to describe more than the visible matter 
of our Universe. These failures (and more) are seen as 
opportunities by particle physicists, searching for new particle 
and new interactions to describe the Universe. 
One of the most exciting areas of the standard model to study 
in detail is that orientated around the top quark. It has the 
largest mass of a standard model particle which means that it 
is very sensitive to new physics beyond the standard model. It 
can also appear in and be a background to rare standard model 
processes. Many possible new physics processes will have a 
direct effect on the top quark pair production cross section. 
For these reasons and more, it is vital to know the production 
cross sections to the highest degree of precision possible. 
This thesis contains measurements of differential top quark pair 
production cross sections that are presented for events 
containing a single electron or muon and as a function of several 
kinematic event variables. The measurements are performed 
with proton-proton collision data collected by the CMS 
experiment at the LHC during 2016. The results are presented 
with respect to the particles forming the detector deposits in a 
phase space similar to that of the detector. Both normalised 
and absolute cross section measurements are performed and 
compared to state-of-the-art top quark pair production 
simulations. The compatibility of the simulations is measured 
through goodness-of-fit tests. The results presented will 
primarily be used to create better top quark simulations. 
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