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Cosmological tensions 

Tension is



Tension is
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Dynamical dark energy?

Parametrization

arXiv: 2404.03002
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Dynamical dark energy models

The origin of dark energy could be a scalar field, a vector field, …

A subclass of Horndeski theories with a luminal speed of gravitational waves is 

A subclass of GP theories with a luminal speed of gravitational waves is 
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Dark matter (DM) sector 

The DM sector can be described by a dust fluid with negligible pressure and 

sound speed (CDM).

Dubobsky+ (2005),

Endrich+ (2013)

Number density:

Four velocity:

The action of the DM sector is given by 



Effective gravitational couplings in Horndeski theories

Let us consider a Horndeski scalar field in the dark energy (DE) sector and

a perfect fluid in the dark matter (DM) sector (without direct interactions).

De Felice, Kobayashi, ST (2011),

Kase and ST (2018)
________

Scalar-matter interaction 

(DM is indirectly coupled to DE through gravity)

_____

Always positive under the absence of 

ghost and Laplacian instabilities: 

Tensor 

contribution

with

The property of strong gravity also holds in GP theories with a luminal speed 

of gravitational waves.   De Felice + (2016),  Amendola + (2018)
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Coupled dark energy (DE) and dark matter (DM)

The direct couplings between DE and DM (especially momentum transfer)

can lead to weaker gravity compared to the LCDM model.

⚫ Scalar-tensor (ST) theories

Momentum exchange between CDM and DE

Pourtsidou, Skordis, Copeland (2013)

⚫ Vector-tensor (VT) theories

De Felice, Nakamura, ST (2020)
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Effective field theory (EFT) of coupled DE and DM

We aim to construct a unified framework of coupled DE and DM that 

encompasses both ST and VT theories.

For this purpose, the EFT approach is useful to extract model-independent

predictions.  In the uncoupled case, there have been many works so far.

In ST theories, the EFT action is expressed as 

Nonminimal 

coupling

Canonical 

scalar

Galileon,..

Arkani-Hamed+ 2004, Creminelli+ 2006, Cheung+ 2008, Gubitosi+ 2013, Bloomfield+ 2013, …

EFT coefficients universally characterize the models.

The unified EFT of dark energy, which includes both VT and ST theories, 

was also constructed (uncoupled case).             Aoki+ (2021, 2024).



Preferred slices

= scalar condensate

Preferred direction

= vector condensate

Creminelli+ 2006, Cheung+ 2008, 

Gubitosi+ 2013, Bloomfield+ 2013, …

Aoki+ 2021

EFT construction

EFT of ST theories EFT of  VT theories

A clock field No clock
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EFT action in the DE sector

Aoki+ 

(2021)
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The CDM and other matter sectors
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Building blocks of coupled DE and DM

The EFT building blocks associated with the DE and DM interactions are

Energy exchange:

Momentum exchange:
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EFT Lagrangian for coupled DE and DM

The general interacting Lagrangian is given by 

where dots represent terms for high-order perturbations, and 

______________

_______

__________________
Momentum transferEnergy transfer
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Full EFT action 

where

______________ _________________

_______
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Consistency conditions

In VT theories, there are the following consistency conditions
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Cosmological perturbations

To study the evolution of scalar perturbations, we consider the ADM 

line element 

where

The density contrasts of CDM and ordinary matter are given by  

The dynamical scalar degrees of freedom are given by 

From the EFT action, we can derive the second-order action of 

scalar perturbations and linear perturbation equations of motion.
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Second-order action of scalar perturbations

The new dimensionless EFT parameters relevant to the DE-DM interactions are

with

Energy transfer:

Momentum transfer:
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CDM effective gravitational coupling

For the modes deep inside the DE sound horizon, the CDM density contrast obeys 

with

______________________

Negative

___

Energy 

transfer

____________________

Momentum transfer
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Example of suppressed cosmic growth

There are mappings between concrete interacting Lagrangians and EFT parameters.

In ST theories with the interacting Lagrangian

we have

Let us consider a model by Pourtsidou et al (2013): 

See Appendix in 

2504.17293

Energy transfer:

Momentum transfer:

where
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Summary

We constructed the EFT of coupled DE and DM that encompasses 

both ST and VT theories in the DE sector. 

Energy transfer:

Momentum transfer:

It is straightforward to implement our EFT of coupled to DE and DM

to a cosmological MCMC code. 

J. Beltran Jimenez,  F.  Teppa Pannia, and ST, in preparation 

We hope to find the observational evidence for the interaction of DE and DM !


