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f ≈10−2 M p

 ×10−4

Since axion is oscillating, there occurs a parametric resonance and the nonlinear inhomogeneity is developed 
during radiation domination. Subsequently, GWs are efficiently produced.

If we choose the decay constant

The peak frequency is determined
by the axion mass.
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GW Forest 

Since the string axions have a broad spectrum, there must be many peaks in the GW 
spectrum, which we named  the GW forest.
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Structure of vacuum and quantum fluctuations in de Sitter space

To clarify property of the quantum vacuum structure in  
de Sitter space, we have explicitly demonstrated the 
description for the vacuum states of a scalar field by 
the entangled states constructed with the static charts 
of the R and the L regions and with the coordinate of 
the F region.

Predictions for galaxy clustering properties and dark energy model   
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• For a future test of general relativity, we 
investigated the dipole component in the void-
galaxy cross-correlation function and found that it 
is useful to detect the gravitational redshift of voids.

• We developed a theoretical model of the higher 
multipoles of galaxy bispectrum in redshift space.

• We investigated the properties of a dark energy 
model with large-scale inhomogeneity and its 
observational signature.
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Swampland Question

Given an effective theory of gravity, how can 
one judge whether it is realized as a low 
energy approximation to a consistent 
quantum theory with ultra-violet completion, 
such as string theory?

Vafa: hep-th/0509212;
Vafa + HO: hep-th/0605264




