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Axion-dilaton Class
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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

6

https://arxiv.org/abs/2303.04819
https://arxiv.org/abs/2401.04064


Axion Phenomenology
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Cosmology
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Cosmology
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Power Spectra of the CMB
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MCMC results using:
•  Planck 2018 + ACT Dr6 lensing
• Desi Dr2 BAO
• Pantheon +

Hubble Tension

𝜒𝑖
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Coupling constraints

• If the Hubble tension is real, couplings 
preferred non-zero

• Grossly violates local physics constraints 
(unless screened)



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

• This preference remains robust in the coupled 
quintessence cases studied here.
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Fitness Tests (With SH0ES calibration)

• Any model with varying electron mass gets massively preferred

• Not possible to distinguish between them with current data



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 models can fit cosmological data very well, but are un-screened and violate 
solar system gravity tests
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Structure Growth
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SPT data Included
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Coupling just base datasets



Minimal Dark Sector

Data points catalogued from SDSS redshift space distortions
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