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Scalar-tensor interactions

o Potential interactions have to be suppressed by symmetries

o Two-derivative interactions like to compete with gravity in the semiclassical limit

o Understanding how these two-derivative interactions might give rise to observational implications is 
important! 

Scalar tensor theory in the low-energy semiclassical limit is at heart a derivative expansion
Typically well constrained locally
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Axion-dilaton Class

3

Consequence of the axion’s shift symmetry
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Axion-dilaton Class

• Combine into complex axion-dilaton fields in extra-
dimensional UV completions 

Dilaton ≪=≫ Volume modulus

• Dilaton is naturally light,  DE scalar candidate

• Axions have wide range of uses, e.g. CDM

Fundamental theory Cosmology
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The Full Action

Dilaton Kinetic 
Term

Axion Kinetic 
Term

Axio-dilaton 
Potential

The dilaton couples to matter as a pseudo-Brans-Dicke scalar:
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Dilaton Kinetic 
Term

Axion Kinetic 
Term

Axio-dilaton 
Potential

Everything dilaton related is a runaway exponential
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The Full Action



Potential Motivations

Cicoli et al (2023) 2303.04819 Apers et al (2024) 2401.04064

In the String phenomenology literature
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https://arxiv.org/abs/2303.04819
https://arxiv.org/abs/2401.04064


Axion Phenomenology

• Substitute into action and 
average over oscillations
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Minimal Dark Sector

9



Minimal Dark Sector

Data points catalogued from SDSS redshift space distortions
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Power Spectra
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Conclusion
• Axion can play the role of dark matter
• Dilaton can play the role of dark energy

• Interactions between them can give: 

i. Oscillations in structure growth
ii. Oscillations in particle masses
iii. Deviations in the CMB
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The effective equation of state
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• The preference for a phantom equation of state from 
DESI results assumes matter species evolve ∝ 1/𝑎3

• To compare we extract the matter-coupling energy 
density and give it to the dilaton



A purely exponential potential
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