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Abstract of the PhD research

After obtaining his Master degree at
the VUB in 2013, Kevin Deroover
started his PhD research in
experimental particle physics. He is
member of the CMS collaboration at
the Large Hadron Collider at CERN
where he takes responsibility in
developing heavy flavour
reconstruction techniques, He
developed the worldwide best
analysis to search for the FCNC
interaction of the top quark and
Higgs boson. These results are
approved by the CMS collaboration
and are to be published soon. The
results will be shown publicly for the
first time at the yearly international
top gquark conference,

Since the discovery of the Higgs boson in 2012 by the ATLAS and
CMS experiments, the Standard Model of elementary particle physics
is completely wvalidated at Electroweak scales. However, many
phenomena are yet unexplained by the Standard Model, such as the
existence of dark matter and dark energy. All in all, the Standard
Model is able to account for only 4% of the universe’s energy content.

A whole series of not yet refuted theories, like Supersymmetric
extensions to the Standard Model or including extra dimensions, can
account for phenomena like dark matter, though have no
experimental evidence so far. The search for such new physics in
current experiments is not straightforward, as its characteristics are
often hard to disentangle from those of the Standard Model. However,
processes where new physics could be significantly enhanced with
respect to the Standard Model are so-called Flavour-Changing
Neutral Currents (FCMNC). These processes change the flavour of
guarks, by means of a neutral boson, without changing their charge
and are highly suppressed in the Standard Model, far beyond the
sensitivity of current experiments. The observation of such processes
would be clear evidence of new physics, which makes the search for
FCMC vital in the quest for solving the mysteries of the universe,

In this thesis, FCNC are investigated in high-energy proton-proton
collisions at a center-of-mass energy of 13 TeV, produced by the
Large Hadron Collider (LHC) and recorded by the CMS experiment at
CERMN in 2016 with an integrated luminosity of 36/T. More specifically
the coupling of top quarks (1) to up (u) or charm (c) quarks and a
Higgs boson (H), decaying inte a pair of bottom quarks, is
investigated. By means of kinematic event reconstructions, event
categorisations and machine learning technigues, an optimal
discrimination power between the signal processes and Standard
Model background processes is obtained. The most stringent limits to
date are set on these processes, with expected (observed) upper
limits at 95% confidence level on the branching ratios of B{t — uH) =
0.34% (0.44%) and B(t — cH) = 0.47% (0.47%).




