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Dark Energy in the Standard cosmological Model

• Responsable for the current

accelerated background expansion;

• Allowed EoS parameter space

CLOSE to Cosmological Constant;

• NO clustering is assumed!

• Perfect fluid structure (Adiabatic)!

• Effects on Large Scale Structure

(LSS) via BACKGROUND ONLY!

• What if not a Cosmological

constant?
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Growth of matter overdensities

Matter = Dark Matter + Baryonic

ClusteringDarkEnergy

Effective DE speed of sound

0  - Clusters in a similar fashion to DM

1  - Stays approximately homogeneous

Unconstrained by current data
Mehrabi et al MNRAS (2015)

Hannestad PRD 2005
Bean and Dore PRD 2004

Even so, mild effects observed

Batista &Marra JCAP11(2017)04
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DE (entropic) perturbations indeed leave STRONG 

observational imprints on cosmological observables



DE (entropic) perturbations indeed leave STRONG 

observational imprints on cosmological observables



DE (entropic) perturbations indeed leave STRONG 

observational imprints on cosmological observables



Energy Conservation

Momentum Conservation

Raychaudury Equation



Energy Conservation for each componentA

Momentum Conservation for each component A

A= { D, S, B }
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CDM is characterized by an EOS parameter:

Background expansion:
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"Constant curvature perturbation"

H. Kodama and M. Sasaki, Prog. Theor. Phys. Suppl.78, 1 (1984)
A. R. Liddle and D. H. Lyth, Phys. Rep.231, 1 (1993).
Wands&Malik&Lyth&Liddle PRD(2000) 

S. M. Leach, M. Sasaki, D. Wands, and A. R. Liddle, Phys. Rev.D64, 023512 (2001)
Weinberg (PRD) 2004

It remains constant on a large scale in the absence of any entropy
perturbation. This quantity is valuable to cosmological applications, 
because, for example,it allows one to relate the perturbations generated
at a stage of inflation with the primordial perturbations in theearly
radiation dominated era.



Entropic perturbations

Entropy and energy-density fluctuations
are not decoupled. 

Entropy perturbations act as a source for 
density fluctuations

Abboott&Wise Nuc.PB (1984)

Lucchin&MatarresePLB(1985)
Mollerach PRD (1990)
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Total Entropic

Perturbations

Intrinsic entropy

perturbation of each

fluid e.g., viscosities

Difference of

the dynamical

behavior of

components
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Comoving pressure perturbation
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The only step in which a specific choice is made

CDM-Dark Matter

Scalar Field-Dark Energy

The CDM pressure perturbations in its rest

frame vanishes corresponding to a 

vanishing effective speed of sound

The SF pressure perturbation equals its 

density perturbation in its rest frame 

corresponding to a effective speed of sound

equals to 1.
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Finally, a set of equations has been found
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SOURCE TERM

(Inhomogeneities)
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Comparing to observations:

(next slide)

The baryonic growth follows

the total matter one



Data from:
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Summary and Conclusions
• A multi-component system manifests intrinsic and RELATIVE

nonadiabatic features – Such aspects are not taken into

accout in standard cosmology;

• Obviously, a genuine cosmological constant indeed does not

CLUSTER!

• However, scalar field (SF) representations for the dark energy

sector allowing a non-cosmological constant background 

evolution are capable to source the matter growth!

• WE HAVE SHOWN THAT SUCH NONADIABATIC 

FEATURES ARE INCOMPATIBLE WITH DATA UNLESS THE 

DE COMPONENT IS EXACTLY A COSMOLOGICAL 

CONSTANT; No time varying DE EoS allowed!

• Still to be verified: Constraints on DE speed of sound (?)
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