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Exploring new physics through the Higgs
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The Higgs sector is the last unknown part of the standard model (SM). In the SM, the
tree level Higgs self-couplings are uniquely determined by the Higgs boson mass. The
effective Higgs self couplings are given by precision measurement of hhh and hhhh
couplings. If the deviation from the SM tree level Higgs self-coupling is found, it can be
regarded as an evidence of new physics beyond the SM. The origin of the spontaneous
electroweak symmetry breaking (EWSB) would be experimentally testes after the
discovery of a new scalar particle by measuring its mass and self-couplings. The Higgs
self-coupling measurement is one of main purposes at the International Linear Collider
(ILC). The structure of the Higgs potential depends on the scenario of new physics
beyond the SM, so that precision measurement of the hhh coupling can be a probe of
each new physics scenario.

It is known that the measurement of the triple Higgs boson coupling is rather
challenging at the CERN Large Hadron Collider (LHC). At the SLHC with luminosity
0f 3000 fb-1, the hhh coupling can be determined with an accuracy of 20-30 %. At the
ILC, the main processes for the hhh measurement are double Higgs boson production
mechanisms via the Higgs-strahlung and W-boson fusion. At the ILC with a center of
mass energy of 500 GeV, the double Higgs strahlung process is dominant. On the other
hand, W-boson fusion process becomes dominant due its t-channel nature at 1 TeV or
higher energies. The photon Linear Collider (PLC) is an optional experiment of the ILC.
The possibility of measuring the hhh coupling at the PLC has been discussed. We study
the statistical sensitivity to the hhh coupling constant for wide regions of the Higgs
boson masses and the collider energies at the PLC. This process is one-loop induced
process. There are two types of diagrams, which are the pole diagrams and the box
diagrams. The amplitude of pole diagram is suppressed by 1/s at the high energy region,
so that the statistical sensitivity to the hhh coupling becomes rapidly worse for this
region. On the other hand, the box diagrams do not depend on the hhh coupling. We
assume that the efficiency of the particle tagging is 100% with an integrated luminosity
of 1/3 ab-1. It is found that when the collision energy is limited to be lower than
500-600 GeV the statistical sensitivity to the hhh coupling can be better for the process
in the photon-photon collision than that in the electron-positron collision for the Higgs
boson with the mass of 160 GeV.

On the other hand, the top sector relates to new physics in many models beyond the
SM, like extra dimensions and Little Higgs models. In such models, there are heavy
vector-like fermions that decay to SM fermions plus W and/or Z bosons. The decays are
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induced by a new Yukawa coupling that generates the mixing between the new heavy
fermion and the SM ones. Determination of the new Yukawa coupling would be
important after the discovery of heavy vector-like fermion. However, in many cases,
measuring the main decay modes is insufficient to determine the value of such Yukawa
coupling. We propose to measure the loop induced decay in photon plus SM fermion.
Measuring this channel allows also to discriminate between weakly coupled models and
models where such new states are excited states of the SM fermions.

In this thesis, we study the impacts of new physics effects on the Higgs and
the top sectors. In Chapter 2, we focus on the following models: two Higgs
doublet model, the fourth generation fermions model, and the scalar
leptoquark model. These models largely shift the hhh coupling value from
the SM in non-decoupling limit. We discuss the impact of these effects on
Single-Higgs and Double-Higgs production processes at the LHC and the
PLC. In Chapter 3, we study the radiative decay of a heavy fermion to a
photon plus a light fermion in the SM with heavy vector-like fermion model.
In terms of types of heavy fermions, such models are classified into 4 cases.
They consist of Singlet, SM doublet, Non SM doublet and Triplet cases. We
discuss the feature of this flavor changing neutral current (FCNC) process in
each case.
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