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OUTLINE

1. de Sitter Swampland conjectures
2. Tachyacoustic cosmology
3. Consistency of Tachyacoustic Cosmology 

with de Sitter Swampland Conjectures
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Landscape

Our universe

Swampland:
The collection of low 
energy EFTs having 
no consistent UV 
completion.

Swampland conjectures 
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The first conjecture is that there is an upper bound on the range traversed
by scalar fields in field space

The second conjecture is that there is a lower bound on the logarithmic 
gradient of the scalar field potential 
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[1] W. H. Kinney, S. Vagnozzi, and L. Visinelli, (2018), arXiv:1808.06424 [astro-ph.CO]

For the single-field slow-roll inflation with a concave potential,

Figure 1 from [1]. Regions in the 𝑛 − 𝑟 plane allowed by data (red) and the 
swampland conjectures (blue) for various values of the parameter c and 𝑐
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An inflationary scenario

A tachyacoustic scenario 

The curvature perturbation is generated
at the acoustic horizon , which is 
larger than the Hubble horizon 
when .

[1] D. Bessada, W. H. Kinney, D. Stojkovic, and J. Wang, Phys. Rev. D81, 043510 (2010), arXiv:0908.3898 [astro-ph.CO].
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The Cuscuton-like and Dirac-Born-Infeld(DBI)-like models

the Cuscuton-like model: the DBI-like model: 
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The first swampland criterion: there is an upper bound on the range traversed
by scalar fields in field space

We found a general scaling rule for the field excursion

where , which shows that is the condition
to pass the first swampland criterion with .

The Cuscuton-like model: The DBI-like model: 
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The second swampland criterion: there is a lower bound on the logarithmic 
gradient of the scalar field potential 

We found that if the leading-order behavior of the potential is a power law in , 
then the potential scales as

For any potential having the leading order behavior of a power law in , the 
condition to satisfy both swampland conjectures is 

. 

The Cuscuton-like model, having , passes both of the swampland
criteria but the DBI-like model, having , does not.

the condition to pass the second swampland criterion is also to have 
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Conclusions

For any potential having the leading order behavior of a power law 
in , the condition to satisfy both swampland conjectures is 

. 

The Cuscuton-like model, having , passes both of the 
swampland criteria but the DBI-like model, having , does not.
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Thank you!
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Superluminal speed of sound and causality

[1] E. Babichev, V. Mukhanov, and A. Vikman, JHEP 02, 101 (2008), arXiv:0708.0561 [hep-th].

FIG. 1.  The causal paradox can be constructed 
by using tachyons.

FIG. 2. The causality paradox is avoided when 
superluminal signals propagate in the background 
which breaks the Lorentz symmetry. 

No closed causal curve can be created via superluminal sound speed
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Within the framework of constant flow parameters, the cosmological 
perturbation can be solved exactly at the linear level. The scalar spectral index 
of perturbations for a tachyacoustic solution is given by

If we consider the scale invariant limit in the case of a radiation-dominated 
background, 

the sound speed drops rapidly as 


