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Cosmological inflation, or just inflation, is a theory of exponential expansion of space in the early
universe. Under the inflation scenario, the universe experienced an exponential expansion epoch last
from 1073¢ seconds after the conjectured Big Bang singularity to some time around 10733 seconds
after the singularity. This scenario has achieved great theoretical success by overcoming some severe
shortcomings of the Hot Big Bang (HBB) model and explaining the origin of the large-scale structure
of the universe. However, because of the lack of direct observational evidence, the detailed mechanism
responsible for inflation is still unknown, and the whole story remains speculated.

Directly detecting gravitational waves (GWs) by LIGO scientific collaboration in 2015 has opened
a new window to investigate various astrophysical and cosmological phenomena that conventional
electromagnetic-wave observations cannot probe. Although current terrestrial GW detectors are only
sensitive to single, strong, and low-redshift GW events, such as the merging of black holes and/or
neutron stars, future GW detectors are expected to be able to detect much weaker and high-redshift
GW events or even the primordial GWs generated during inflation. The direct detection of primordial
GWs can offer solid evidence for the inflation theory and bring us lots of information about the state
of the early universe. Primordial GWs are expected to be in the form of stochastic gravitational-wave
background (SGWB) in the present universe. One big challenge in observing them is to isolate the
inflationary component from other types of SGWB. Given this perspective, it is essential to ask
whether there are any unique signatures of the inflationary SGWB that can be used to identify it from
other SGWB components. In this thesis, we study a unique and universal angular correlation of the
inflationary SGWB and analyze its detectability.

This thesis can be split into two parts. The first part is from Chapter 2 to Chapter 4, where we set up
the background and lay out the theoretical foundations for the afterword discussions. Specifically, in
Chapter 2, we briefly review the HBB model and describe two main shortcomings of this model: the
horizon problem and the initial perturbation problem. In Chapter 3, after briefly reviewing its history,

we introduce the inflation theory as a solution to the shortcomings of the HBB model; we also present
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a simple model of inflation: the single field slow-roll inflation. After that, we review the basic theory
of GWs in Chapter 4, focusing on the geometric description based on general relativity. We also derive
the basic equations governing the evolution of GWs in cosmology and review the production of
primordial GWs in inflation.

The second part contains Chapter 5, where we study one unique signature of the inflationary SGWB:
the antipodal angular correlation (AAC), and examine its detectability in observations. AAC means an
angular correlation between GWs from opposite directions. After a review of the general
characterization of the SGWB, we derive the AAC property in inflationary SGWB by analyzing the
evolution of primordial GWs in the expanding universe. Because the AAC results from the super- to
sub-horizon transform of primordial GWs, it is not a property expected to exist in the astrophysical
SGWB. Therefore, a measure of the AAC can provide direct evidence for the primordial GWs. Previous
work (Allen et al., 1999) argued that the standard strain correlation method could not observe the AAC
due to the practically finite frequency resolution ability. We first review this fact. Recent work (Margalit
et al., 2020) showed that phase-incoherent methods are the only helpful way to reconstruct the angular
dependence in primordial GWs. We then investigate whether we can construct a phase-incoherent
estimator of intensity to detect the AAC. We find that the conclusion depends on whether the primordial
GWs have statistical isotropy or not. In the standard inflation models with statistical homogeneity and
isotropy, there is no estimator of intensity sensitive to the AAC but does not suffer from a fast oscillating
phase factor that erases the antipodal contribution. On the other hand, in inflation models with statistical
anisotropy, it is possible to find a non-vanishing estimator of intensity for the AAC in inflation models.
SGWB from the anisotropic inflation is thus distinguishable from other components by observing the
AAC in GW intensity. We also analyze the detectability of AAC by the cross-correlation of GW strains
in the time domain and confirm that the undetectability of AAC by the strain correlations is not a

limitation of Fourier analysis.
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