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Higgs interactions in physics beyond the standard model
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Summary of thesis contents

In this thesis we study the Higgs interactions in physics beyond the Standard Model.
After the discovery of the Higgs boson at the LHC, it would be the time to study the
Higgs interactions from various aspects. The precision measurement of the Higgs
boson provides tests of the Standard Model, and perhaps the first signals of new
physics beyond the Standard Model can be indirectly found in Higgs physics. In
particular, we concentrate on the following two issues: the scattering amplitudes of
the longitudinal gauge bosons and the Higgs boson, the couplings of the Higgs boson
to other particles. The first one is related to the perturbative unitarity of a theory with
spontaneously broken symmetry and expected to be important information for the
scalar sector, namely the electroweak symmetry breaking. The second one reflects the
structure of the Higgs interactions and gives a clue for the mass generation of the
particles. Various new physics models show the deviations of these properties from the
Standard Model prediction, which may be investigated at the future collider
experiments. We examine the unitarity violation caused by the dimension-six
derivative interactions of the Higgs doublets, which indicates the new physics scale
associated with an extended Higgs sector. We compute the strongest unitarity bound
for several models and find it gives rather low cut-off scale compared with that of the
naive dimensional analysis. We also examine the possible deviations of the Higgs
couplings in agreement with the experimental constraints, focusing on the three
models: the minimal composite Higgs models, the Randall-Sundrum model, the extra
singlet Higgs model. It is found that the correlation of Higgs couplings is quite
powerful to discriminate models in the future collider experiments.

This thesis is composed of five chapters. In chapter 1 we give an overview of the
current status of phenomenological particle physics, especially about the Higgs boson.
While all the particles of the Standard Model are observed, we know the phenomena
the Standard Model seems not to cover; hence there are many proposals for new
physics beyond the Standard Model. In chapter 2 we provide a brief overview of Higgs
physics in the Standard Model. The Higgs sector is introduced to account for the low
energy breaking of the SU(2)_LxU(1)_Y electroweak gauge symmetry to the U(1)_EM,
and all of the interactions including the Higgs boson is determined by the masses of
the interacting particles. In chapter 3 we analyze the perturbative unitarity bound
given by the dimension-six derivative interactions consisting of the Higgs doublets.
The bound is obtained by diagonalizing the scattering amplitude matrix of the charge
conserving process. We formulate it in terms of the parameters of the Lagrangian. In
chapter 4 we present the deviations of the Higgs couplings compared with the
Standard Model prediction, mainly focusing on the minimal composite Higgs model.

In order to classify the features of the models we consider, we elucidate the correlation
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of the coupling deviations. The future experiments are able to distinguish the models
well by using both the tree level and loop induced couplings. In the concluding
remarks we summarize our results and give an outlook of the future prospects of

Higgs physics.
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Summary of the results of the doctoral thesis screening
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