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CosmoSIS

* CosmoSIS is a cosmological parameter estimation code. Version 1.6.

* It consolidates and connects together existing code for predicting cosmic observables, and 
makes mapping out experimental likelihoods with a range of different techniques much more 
accessible.

Zuntz et al. 2014



Sampler: EMCEE

Monte-Carlo Markov Chain that uses an ensemble of 'walkers' that explore the parameter 
space. Each walker chooses another walker at random and proposes along the line 
connecting the two of them using the Metropolis acceptance rule. The proposal scale is 
given by the separation of the two walkers.

PASP, 125, 925, 306-312



CosmoSIS + EMCEE sampler hiperparameters

• Walkers: 1024 

• Samples: 1000 

• Nsteps: 20 

• Random start: True 

• Additional packages: Consistency, CAMB, Growth Structure, SLTD 

• Minimum acceptance fraction: 0.25 

 



Model 1. CPL

Linear evolution of the state equation 
with the scale factor a (Chevallier & 
Polarski 2001, Linder 2003). 

Scolnic et al. 2018  

Chuang et al. 2011; Beutler et al. 2012 

Alam et al. 2015 

Beringer et al. 2012 

Ade et al. 2013 Planck Collaboration 

Riess et al. 2016 

Suyu et al. 2018; Bonvin et al. 2017 



Model 2

Scolnic et al. 2018  

Chuang et al. 2011; Beutler et al. 2012 

Alam et al. 2015 

Beringer et al. 2012 

Ade et al. 2013 Planck Collaboration 

Riess et al. 2016 

Suyu et al. 2018; Bonvin et al. 2017 

Toy model with quadratic dependence 
with the scale factor a. 



Model 3. First method

*     should be strictly positive, [0,1] in the Concordance 
model. 

* Negative values of m lead to an inverted transition 
between the radiation and the De-Sitter attractors (the latter 
occurring first than the former), which is not consequent 
with the thermal history of the Universe. On the other hand, 
m = 0 produces no transition whatsoever, then, m is strictly 
positive in the framework of the Standard Model. 

* The redshift of matter - dark energy equality, zDE has 
already occurred since the Universe is experiencing an 
accelerated expansion  0 < zde < 1.5. The upper limit takes 
into account that cosmic structure was formed during the 
matter domination epoch, and that has been observed 
through different with different surveys to-date 2dFGRS, 
6dFGS, WiggleZ and the Sloan Digital Sky Survey SDSS.  

García et al. 2021



Model 3. First method

Equation of state w(z) as a function of redshift z. 

The equation of state of our early dark energy candidate is given by: 

The energy density fraction associated with the 
dark energy field is: 

The age of the Universe in the framework of a 
dark energy component is: 

Dark energy density fraction evolution with 
redshift z. 

García et al. 2021



Model 3 with CosmoSIS

Using the concordance cosmology, we 
skip computing the value of . 
Instead, we explore the parameter 

space for  , and set  = 0. 

García et al. in prep

Work in collaboration with Prof. Leonardo Castañeda 

 (Universidad Nacional de Colombia)



Model 4. Modified Chaplygin gas



CFD and OpenFoam

Computational Fluid Dynamics 
(CFD) refers to the prediction 
of fluid motion and forces by 
computation using numerical 
analysis. 

CFD involves the solution 
o f  p a r t i a l d i f f e r e n t i a l 
equations  (PDEs), principally 
the conservation laws of mass 
and linear momentum that 
govern fluid motion and 
forces. 

•

Work in collaboration with Prof. Eduard Piratova 

 (Fundación Universitaria Los Libertadores)

https://en.wikipedia.org/wiki/Partial_differential_equation
https://en.wikipedia.org/wiki/Partial_differential_equation
https://en.wikipedia.org/wiki/Conservation_law
https://en.wikipedia.org/wiki/Partial_differential_equation
https://en.wikipedia.org/wiki/Partial_differential_equation
https://en.wikipedia.org/wiki/Conservation_law


CFD and OpenFoam

OpenFOAM® is the leading 
f r e e ,  o p e n s o u r c e 
software  for  computational fluid 
dynamics (CFD), owned by 
the  OpenFOAM Foundation  and 
distributed exclusively under 
the General Public Licence (GPL). 
The GPL gives users the freedom 
to modify and redistribute the 
software and a guarantee of 
continued free use.  

•
Work in collaboration with Prof. Eduard Piratova 

 (Fundación Universitaria Los Libertadores)

https://cfd.direct/openfoam/computational-fluid-dynamics/
https://cfd.direct/openfoam/computational-fluid-dynamics/
https://cfd.direct/openfoam/computational-fluid-dynamics/
http://openfoam.org/
http://www.gnu.org/copyleft/gpl.html
https://cfd.direct/openfoam/computational-fluid-dynamics/
https://cfd.direct/openfoam/computational-fluid-dynamics/
https://cfd.direct/openfoam/computational-fluid-dynamics/
http://openfoam.org/
http://www.gnu.org/copyleft/gpl.html


Conclusions & Perspectives
- The current Hubble tension (and in at some degree, the sigma-8 tension) could be addressed by introducing dynamical 
dark energy models that have non-negligible contributions to the Hubble parameter in the early Universe. 

- These models produce a faster evolution of the structure, since they departure from the radiation domination epoch 
earlier than the ΛCDM model. Further analysis is needed to understand in depth the impact of these early dark energy 
models. 

- Next steps for this investigation aim to:  

   * Include other cosmological likelihoods in CosmoSIS, 

  * Explore other cosmological estimators & observational constraints that allow us to validate / exclude the present 
parametrizations of the equation of state. 

- Euclid, Nancy Grace Roman Space Telescope (WFIRST: Wide-Field Infrared Survey Telescope), Vera Rubin Observatory 
(Large Synoptic Survey Telescope), JWST. 

lgarciap@ecci.edu.co@PenLua

mailto:lgarciap@ecci.edu.co
mailto:lgarciap@ecci.edu.co

