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Effective Fluid Approach

Dark Energy Perturbations:
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Effective Fluid Approach
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Effective Fluid Approach
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Quasi-Static and Sub-Horizon Approximations
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Quasi-Static and Sub-Horizon Approximations

Perturbation Eqgs
are highly simplified
under the
QSA and the SHA
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Perturbation Variables in the QSA and the SHA
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DE Perturbations in the QSA and the SHA

One of our main results! Perturbations under the SHA and the QSA

When there is Anisotropic Stress:
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DE Perturbations in the QSA and the SHA

One of our main results! Perturbations under the SHA and the QSA

When there is No Anisotropic Stress:

4 - ’;%Y1+’;éY2+’;éY3+Y45p A 5L Ys + £ Yo + Yio 5p\
DE — m» DE = 3 ™m»
2—2Y5+%Y6+Z—§Y7 3%Y5+ Y6+k2Y7

4 2
apDE Y11 + k kYis + Yis 5 b Ys + 5 Yy + Yio
VbE = 0pm, CsDE =

1
S 6Y5+a—4Y6+a—2Y7 En+En+En+vn




Examples

e f(R) Theories

(e

RF — f

2

R 1
= — — = —— Gy =
’ f2cp 9’ f2g0<p 2FR, 4

2 ?

(1-F)F+(2-3F)5 Fp 1 25 Fp+ 155 Frp" 4 SEE”
5,0DE = 12 5pm’ 5PDE = 1A 12 5,0m7
F(F + 3% Fp) 3E 35 Fr+ S F
1 (F + 65 Fg)F' K fre
ODEVDE = . 0pm, PDETDE = = Opm.
[ODE PETOF Fi3ER, F2 + 32 FF,

20



Examples

¢ Quintessence
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Examples

* Easy to Implement New Models

* 2202.08291: The Microphysics of Early Dark Energy

Models with non-trivial anisotropic stress and
sound speed could alleviate some of the tensions in
cosmology, like the H, and the gg tensions.



SVTDES: Designer Model in SVT
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Growth Factor
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Growth Factor
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CMB Power Spectra

CMB Angular and Matter Power Spectra
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CMB Angular and Matter Power Spectra
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Summary and Conclusions

We need systematic ways to study observational signatures
of models --- Generalized theories --- SVT .

We can define a general dark energy fluid for the remaining SVT theories.

We get simpler analytical expressions for the perturbations under the SHA
and the QSA.

We design SVTDES and study some of its cosmological implications.

More details in 2206.02895 [astro-ph.CO]... Accepted in JCAP!
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of models --- Generalized theories --- SVT .

We can define a general dark energy fluid for the remaining SVT theories.
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We design SVTDES and study some of its cosmological implications.
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Code on GitHub! BayronO/SVT Do not hesitate to make any question about
the code.

Next steps? Validation of QSA and SHA. Generalization of CLASS.
Higher order perturbations.
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Problems ~ Tensions
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Slip Parameters:
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Gravitational and Lensing Potentials:
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Evolution of Perturbations
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