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Speed of GW:
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QSA:

SHA:

Neglect time derivatives of
perturbation variables

Perturbation Eqs
are highly simplified

under the
QSA and the SHA



Perturbation Variables in the QSA and the SHA

17

Scalar Field:

Vector Field:

Gravitational Potentials:



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

When there is Anisotropic Stress:
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One of our main results! Perturbations under the SHA and the QSA

When there is Anisotropic Stress:
When there is No Anisotropic Stress:
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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 𝜎" tensions.



SVTDES: Designer Model in SVT
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Background exactly equal to
that of the Standard Model



Growth Factor
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Equation for
Matter Contrast:

The Sigma8 
Function:



Growth Factor
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Equation for
Matter Contrast:

The Sigma8 
Function:



CMB Angular and Matter Power Spectra
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CMB Power Spectra



CMB Angular and Matter Power Spectra
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CMB Power SpectraMatter Power Spectrum
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• 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!

https://arxiv.org/pdf/2206.02895.pdf
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• 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!

• 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. 

https://arxiv.org/pdf/2206.02895.pdf
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ΛCDM?
Problems ~ Tensions

Hubble Tension

• Perivolaropoulos, Skara: 2105.05208 [astro-ph.CO]

𝝈𝟖 Tension

• KIDS Collaboration: 2007. 15632 [astro-ph.CO]

https://arxiv.org/abs/2105.05208
https://arxiv.org/abs/2105.05208
https://arxiv.org/abs/2105.05208
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Slip Parameters:

Gravitational and Lensing Potentials:



Evolution of Perturbations
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Matter Perturbations:

Coupled to DE through the Potential:

Initial Conditions:


