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Abstract

In 2012, the discovery of the Higgs boson at the Large Hadron Collider experiment showed the correctness of
the Standard Model of particle physics. The Higgs field gives masses to elementary particles. They include
quarks and electron, and constitute matter such as hydrogen atoms. The model has been very successful and
describes physics of nature in low energy scales.

On the other hand, there remain various phenomena unexplained within the Standard Model, so one of the
most important tasks is to explore physical origins of them. To this end, an attractive solution is to introduce
supersymmetry into the Standard Model. Supersymmetry is a symmetry between bosons and fermions, and
predicts a candidate of dark matter because new degrees of freedom beyond the Standard Model are
introduced as a consequence.

One of the biggest issues is the origin of a “generation”. There are several types of quarks and leptons which
have the same quantum number but different masses. Such a concept is called the “generation”. So far, three
generations of quarks and leptons have been experimentally confirmed. However, there are no clear reasons
why there are only three generations. Thus, it seems meaningful to explore a possibility of the existence above
three generations for the development of elementary particle physics in the future. We focus on fourth and fifth
generations and call them vector-like generations.

In this thesis, we construct a new supersymmetric model with vector-like generations. In this model, the
vector-like generations play important roles to explain the observed Higgs boson mass. Furthermore, we focus
on two additional physics: the magnetic property of the muon (magnetic moment) and thermal relic abundance
of dark matter. A possible discrepancy between the theoretical predictions and the experimental values of the
magnetic property of the muon suggests new physics. Moreover, a candidate of dark matter, which is absent
in the Standard Model, is necessary to form galaxies to lead to the emergence of human beings in the
Universe.

What is important in the discussion of this thesis is mixing states between different generations through
masses of quarks and leptons. Those mixing states are governed by a symmetry between generations and
give sizable contributions to the Higgs boson mass, the magnetic property of the muon and the dark matter
abundance. Further, a candidate of dark matter is related to the origin of heavy masses for vector-like
generations. We analyze the current relic abundance of dark matter. We find a parameter region where
observables calculated in our model are consistent with the current experiments. Thus, our model would

suggest that the presence of dark matter supports the existence of three generations in current experiments.




