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Higgs physics in the supersymmetric grand unified
theory with the Hosotani mechanism
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In 2012, a new boson was discovered with the mass 126GeV at the Large Hadron
Collider (LHC). After that, the spin of this boson turned out to be zero. It was confirmed
that this boson couples to many of the standard model (SM) particles. Consequently, the
new particle was identified to be a Higgs boson, which plays a role of triggering
spontaneous breaking of the electroweak gauge symmetry and generating masses of
elementary particles. Furthermore, its coupling strength to the other particles seems
to be consistent with the prediction in the SM within the error of the current data.
Therefore, the SM was found to be a very successful model even with including the
Higgs sector.

However, none of the researchers believes that the SM is a fundamental theory of
particle physics. In the SM, only Electromagnetic Force and Weak Force are unified to
Electroweak Force at the energy scale above 100GeV, which is written as a quantum
gauge field theory with the gauge symmetry SU(2)1. X U(1)y. On the other hand, Strong
Force is described as an independent gauge theory with SU(3)c, the quantum
chromodynamics. Consequently, the gauge structure of the SM is given by SU(3)c X
SU@2)1. X U(1)y. From the viewpoint of the history of unification of law in physics, the
SM is nothing but a low energy effective theory of a more fundamental theory such as
the grand unified theory (GUT), in which the gauge structure in the SM is derived from
a more simple structure such as SU(5), SO(10), and so on.

Another reason why the SM is not a fundamental theory arises from its Higgs sector.
As the Higgs field is the order parameter of electroweak gauge symmetry breaking, it
must be a scalar field. It has been known that the introduction of such a scalar field into
a gauge field theory is problematic, yielding quadratic ultraviolet divergences in the
radiative correction to the mass of the Higgs boson. Renormalization of these quadratic
divergences bring a serious problem of huge fine tuning, so-called the hierarchy problem.
Clearly, a new physics model beyond the SM is necessary at the TeV scale, in which the
quadratic divergences are canceled and the hierarchy problem disappears.

Introduction of supersymmetry (SUSY) at the TeV scale is a charming idea. SUSY is
the symmetry between bosons and fermions. The quadratic divergences from a bosonic
loop contribution and from a fermion loop contribution are canceled with each other in
SUSY theories. Supersymmetric extensions of the SM have been extensively
investigated for previous three decades. The minimal supersymmetric standard model

(MSSM) predicts a set of new particles at the TeV scale, SUSY partner particles of the



SM ones. In addition, the Higgs sector is predicted to be composed of two Higgs doublets
in the MSSM, in which the mass of the SM-like Higgs boson is preferred to be less than
about 120 GeV without large fine tuning. The recent LHC results that the mass of the
Higgs boson is 126 GeV and that no other new particles has not been found yet seem to
indicate the tension between the MSSM and the hierarchy problem. Some extended
models from the MSSM are also investigated to relax this tension. In the
next-to-minimal supersymmetric standard model (NMSSM), the mass of the Higgs
boson can be greater than that in the MSSM, and the experiment value of the Higgs
boson mass may be explained easier.

SUSY-GUTs are attractive, because the hierarchy problem disappears and the gauge
couplings are unified with better accuracy as compared to the GUT without SUSY. The
unification scale is typically 1016GeV. SUSY-GUTSs also have a new fine-tuning problem.
In these models, there is the mass splitting between the color triplet and SU(2)1, doublet
Higgs fields, which arises from common multiplet. This is so-called the doublet-triplet
splitting problems. In general, it is very difficult to test models of GUTs at the collider
experiments. The GUT scale is typically O(106) GeV that is inferred from gauge
coupling unification scale. Due to the decoupling theorem, it is difficult to test GUTs at
the electroweak scale. Usually, tests of GUTs rely on checking relations among
parameters of new particles by flavor experiments indirectly.

In this thesis, we discuss a new type of GUTSs, the supersymmetric grand unified
theory with the Hosotani mechanism (SGGHU). This model was proposed to solve the
doublet-triplet problem. This model predicts the existence of adjoint chiral superfields
whose quantum numbers are equal to the gauge bosons in the standard model and
masses are at the supersymmetric breaking scale, namely at the TeV scale. The Higgs
sector is extended with additional SU(2)L triplet and singlet chiral multiplets. Therefore,
properties of particles in the Higgs sector are different from the standard model and
other models. In this thesis, phenomenological analyses of the SGGHU, especially the
mass spectrum of the particles in the model and the coupling constants of the Higgs
sector. We calculate deviations in coupling constants of the standard model-like Higgs
boson and the mass spectrum of the additional Higgs bosons. We find that our model is
distinguishable from the others by precision measurements of these couplings and
masses of the additional Higgs bosons. We show the testability of our model at the
collider experiments such as the luminosity up-graded Large Hadron Collider and the

International Linear Collider.
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