
 
 

  

The Standard Model of particles physics describes the smallest 
known building blocks of matter and their interactions amongst 
each other. The predictive power of this theory has been 
astoundingly accurate, and the discovery of the long-sought Higgs 
boson in 2012 is probably one of its most notorious predictions. 
However, despite its success, it is known that the Standard Model 
cannot be the ultimate theory of nature. Indeed, some 
experimental facts remain unexplained, for example gravity is not 
included and the Standard Model does not provide a dark matter 
candidate.  
 
To expand the boundary of our knowledge, physicists have 
proposed new candidate theories describing the physics beyond 
the Standard Model. These new physics theories make predictions 
on the behaviour of existing particles and occurrences of new 
particles that can be observed by the experiments at the Large 
Hadron Collider at CERN. Supersymmetry is one such theory that 
solves many unanswered questions in fundamental physics and 
gives all known particles a partner, called superpartner, or 
superparticle. This thesis focuses on so-called Displaced 
Supersymmetry, where the new particles will result in very striking 
signatures where the location of the superpartner’s decay will be 
measurably distant from the collision. 
 
In this thesis, the data collected by the Compact Muon Solenoid 
detector is used to test the validity of Displaced Supersymmetry, 
using data collected in 2012 and 2015. The data is examined for 
signs of displaced particles originating from Supersymmetry, 
focusing on collisions with one electron and one muon in the final 
state; this is the first result of this kind worldwide. Furthermore, 
this first search is extended using final states with same-flavour 
leptons. The combination of the two searches gives powerful 
constraints on the Displaced Supersymmetry model. The results 
focus on a lifetime of the order of few centimetres where the 
previous results were almost non-existent. The analysis topology is 
relaxed enough so that the signatures predicted by other models 
with similar properties can be tested with reasonable sensitivity, 
and tools are provided to do so. 
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