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Summary (Abstract) of doctoral thesis contents

Recent discovery of the Higgs boson at the large hadron collider (LHC) has been
recognized as a major breakthrough in the particle physics and established the
Standard Model (SM). However, there are still many unanswered questions or deepest
puzzles. Even for the Higgs physics, we have been plagued with many problems:
What is the origin of the electroweak symmetry breaking ? Why is the observed
Higgs mass unnaturally small against the Planck scale ? Whether does the Higgs
field participate in the cosmic inflation and why does the Standard Model Higgs
vacuum seem to be metastable ? These problems are important clues to discover new

physics beyond the SM and understand cosmological history of our Universe.

The stability problem of the Higgs vacuum has been theoretically discussed for quite
a long time. However, the recent measurements of the observed Higgs boson mass and
the top quark mass strongly suggest that the SM Higgs potential develops an
instability below the Planck scale if the SM is correct. Thus, our living electroweak
vacuum is not stable and would eventually collapse. For the present best-fit values of
the parameters of the SM, the life time of the Higgs vacuum is much longer than the
age of the Universe. Fortunately, the metastability of the Higgs vacuum does not

seem to require additional new physics beyond the SM.

However, the above situations drastically change when gravitational effects can not
be ignored. The strong gravitational background generates the vacuum fluctuation of
the Higgs field, which triggers a collapse of the false Higgs vacuum. Most subtle
situation is the inflationary Universe where the large fluctuation of the Higgs field
can be generated during inflation. In the case where the Higgs field can be effectively
regarded as the massless scalar field like inflaton itself, the Higgs vacuum
fluctuation enlarges in proportion to the Hubble scale. Thus, if large inflationary
fluctuation of the Higgs field overcomes the barrier of the Higgs effective potential, it
triggers off a catastrophic vacuum collapse of the Universe. Furthermore, even at the
end of the inflation called the preheating stage, the large vacuum fluctuation of the
Higgs field can be generated via parametric or tachyonic resonance and poses a
threat to the Higgs vacuum stability. The thermal fluctuation at the reheating stage
can also trigger a false vacuum decay, but the effects can be somewhat relaxed by the
thermal corrections to the Higgs potential. The evaporating black holes, which emit
thermal Hawking radiation, also raise a same problem about the Higgs vacuum

stability.

These issues are the subjects of this thesis. Several aspects about the Higgs vacuum
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stability in gravitational background or cosmological situations have already been
investigated in the literature, but here we focus on and clarify how gravitational
vacuum fluctuation of the Higgs field affects the electroweak vacuum stability. The
effects of gravitational fluctuation of the Higgs field on the vacuum stability are
twofold. On one side, the gravitational Higgs fluctuation can stabilize or destabilize
the effective Higgs potential as backreaction effects. On the other side, the local and
inhomogeneous Higgs fluctuation can generate true vacuum bubbles or domains and
triggers off a collapse of the electroweak false vacuum. Whether the Higgs vacuum in
various gravitational backgrounds or cosmological situations becomes stable or not is
determined by these effects although there are some essential difficulties to analyze

the vacuum field fluctuation in gravitational background.

In standard QFT, the vacuum field fluctuation is formally described by the two-point
correlation function, which has troublesome ultraviolet (UV) divergences. Therefore,
a regularization or renormalization must be required. In flat Minkowski spacetime,
these UV divergences can be eliminated by standard renormalization methods.
However, in curved spacetime where the gravity curves the background spacetime, it
1s trouble to perform the renormalization and analyze gravitational vacuum
fluctuation. In this thesis we adopt some techniques of the QFT in curved spacetime,
which corresponds to performing QFT with the classical Einstein gravity. Here we
derive the effective potential in curved spacetime with the gravitational backreaction
and clearly show how gravitational vacuum fluctuation affects the stability of the
Higgs vacuum. Based on this semiclassical approach, we investigate the electroweak
vacuum stability in various background spacetimes or cosmological situations as
during inflation corresponding to the de-Sitter spacetime, after inflation in particular

the preheating stage and around evaporating black holes.
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Summary of the results of the doctoral thesis screening
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