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Abstract

The vast majority of all experimental results in particle physics can be
described by the Standard Model (SM) of particle physics. However, neither
the existence of neutrino masses nor the mixing in the leptonic sector, which
have been observed, can be described within this model. In fact, the model only
describes a fraction of the known energy in the Universe. Thus, we know there
must exist a theory beyond the SM. There is a plethora of possible candidates
for such a model, such as supersymmetry, extra dimensional theories, and
string theory. So far, there are no evidence in favor of these models.

These theories often reside at high energies, and will therefore be manifest
as effective theories at the low energies experienced here on Earth. A first
example in extra-dimensional theories. From our four-dimensional point of
view, particles which propagate through the extra dimensions will effectivel
be perceived as towers of heavy particles. In this thesis we consider an extra-
dimensional model with universal extra dimensions, where all SM particles
are allowed to propagate through the extra dimensions. Especially, we place
a bound on the range of validity for this model. We study the renormalization
group running of the leptonic parameters as well as the Higgs self-coupling in
this model with the neutrino masses generated by a Weinberg operator.

Grand unified theories, where the gauge couplings of the SM are unified
into a single oe at some high energy scale, are motivated by the electroweak
unification. The unification must necessarily take place at energies many
orders of magnitude greater than those that ever can be achieved on Earth.
In order to make sense of the theoru, ehich is given at the grand unified scale,
at the electroweak scale, the symmetry at the grand unified scale is broken
down to the SM symmetry. Within these models the SM is considered as an
effective field theory. We study renormalization group running of the leptonic
parameters in a non-supersymmetric SO(10) model which is broken in two
steps via the Pati-Salam group.

Finally, the discovery of the new boson at the LHC provides a new
opportunity to search for physics beyond the SM. We consider an effective
model where the magnitudes of the couplings in the Higgs sector are scaled
by so-called coupling scale factors. We perform Bayesian parameter inference
based on the LHC data. Furthermore, we perform Bayesian model comparison,
comparing models where one or several of the Higgs couplings are allowed, to
the SM, where the couplings are fixed.
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