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In the Big Bang cosmology, it is well-known that radiation and matter can cause
cosmic expansion. However, there are problems which cannot be explained by assuming
that only radiation and matter contributed to the expansion of the Universe. They are
known as the Horizon Problem and the Flatness Problem. These two problems are
attributed to the fact that “Cosmic expansion caused by radiation/matter is decelerated”.
In fact, the above two problems can be solved by introducing the accelerated expansion
phase in the early stage of the Universe. It is called inflation. This was proposed by A.
Starobinsky, K. Sato, A. Guth and D.Kazanas in the 1980s(Historically, it was proposed
to solve the Monopole problem of the unification of the gauge field theory). In
inflationary cosmology, a scalar field called inflaton is introduced, and the energy
density of this inflaton is while being dominant, the Universe goes accelerated
expansion. This can solve the problems of the Big Bang cosmology.

So far, a lot of models which can realize inflation have been proposed. Thus, we have
to discriminate each model and find ones which can better explain observational facts.
It is informative to use the temperature fluctuation of Cosmic Microwave Background
(CMB) for this verification. The assumption when discussing the expanding Universe
is as the Universe is homogeneous and isotropic on large scale. On the other hand,
inflation generates small perturbations (curvature fluctuations) on the spacetime. If the
curvatures are slightly different at each point in the spacetime, these fluctuations will
be reflected in the spatial distribution of the temperature fluctuation of CMB. Therefore,
in each model, it is possible to verify whether a model can explain the observational
results by comparing curvature perturbation generated by inflation and the temperature
fluctuation of the observed CMB. Testing and verifying inflation models are main
subjects of this thesis. In this thesis, we focus the power spectrum calculated from the
two-point correlation function of fluctuation and so-called non-Gaussianity calculated
from the three-point correlation function. These are the most important quantities to test
inflation models and recently CMB observations have put bounds these quantities.

Inflation models can be trivially classified into two classes: One is the single-field
type where a single inflaton contributes to inflation, and the other is the multi-field type.
Many inflation models rely on single-field model construction. However, from the top-
down viewpoéint, multi-field model construction is much more attractive because it is
known that in the effective theory of superstring theory/supergravity, a lot of scalar



fields will appear. If we can test inflation models based on these theories, we may have
physical insights or constraints on these theories. This is why multi-field inflation
‘model building is an interesting and exciting subject.

What is the difference between single-field inflation and multi-field mﬂatlon‘? In single-
field cases, curvature perturbation is almost constant during inflation (strictly speaking
on superhorizon scale). Therefore, we just need to compute perturbation at the
beginning of inflation. On the other hand, in multi-field cases, we must have adiabatic
perturbation which is along to the inflaton trajectory and the isocurvature perturbation
which is perpendicular to tpe inflaton trajectory. Since the isocurvature perturbation can
transfer to adiabatic perturbation, it has time evolution during inflation and we need to
trace its evolution from the beginning to the end of inflation. This is particular for multi-

 field inflation. In addition, almost all single-field inflation predicts scale-invariant -

power spectrum and because of this invariance, there is a strong restriction between
" spectral tilt and non-Gaussianity.

This is called the Maldacena’s consistency relation. In facf, in multi- field cases, we
may have possibilities to break this relation. The most recent observational results are
not so tight to test this relation, but if we find any deviation from this relation in future
observations, it can be a strong support of multi-field inflation.

- In the analysis of multi-field models discussed in this thesis, we adapt the 8N formalism
and the transport method. Relying on these, we can conipute curvature perturbation by
just determining the classical dynamics of inflatons and it is possible to trace each
quantity during inflation. Moreover, the transport method is extended version of the 6N
formalism, and we can calculate curvature perturbation more efficiently by finding
gauge transformation between the constant-time slice and the uniform-density slice.

Relying on these methods, we investigate two multi-field inflation models. One is
based on Starobinsky model which is known to be in good agreement with current
observations. We extend this model to multi-field inflation with adding another scalar
field whose potential is quadratic. The other model is based on compactification of
string theory. Associated with dimensional reduction of string theory, there appear a lot
of scalar fields, called moduli. These moduli are attractive candidates of inflatons. We
propose a multi-field inflation model in which moduli play roles of inflatons, and we
analyze this model with taking into account multi-field effects.
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