
New cosmological constraints to find 
plausible dark energy candidates

Universidad ECCI

Luz Ángela García 

 

Work done in collaboration with Prof. Leonardo Castañeda (OAN)

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


Current challenges in cosmology

* Does DE really exist? If it does, how can we detect it? 

* Is CC a real representation of DE?                Fundamental nature of CC: high energy physics match?  

*Many (correlated) observables: CMB, lensing, galaxy clustering, SN, clusters, etc. 

* Different theoretical models: e.g. SN light curve fitters, bias models for galaxy clustering, … 

* Each probe contains its own nuisance parameters, and fitting models. 

* Different parameters & systematics in each model: hard to track samples over each MCMC chain. 

*Complex multimodal posterior & likelihoods: sampling choice end up having a non-null impact in the results, estimate/model 
covariances. 



See Yoo+ 2012, Tawfik+ 2019,  Ferreira 2019 for a detailed review of the models.



Constraining cosmo parameters given data

1. At given point in parameter space: generate a prediction 
based on your model in the parameter space.  

How much that model prediction resembles the data? 

2. Compute a probability function of the data given your 
prediction. 

3. Use Bayes Theorem to get the posterior given some prior.  

4. Given your sampler, move to the next point in the 
parameter space to evaluate a likelihood function.



Cosmology data sets

* Cepheid variables 

* Type Ia SN 

* Baryon Acoustic Oscillations 

* Strong Lensing 

* Light element abundances 

* Globular cluster ages  

* Cosmic Microwave Background 

* Redshift Space Distortions 

* Weak lensing 

* Large scale structure 

* Cluster counts 

* 21cm line structure 

* Ly-alpha forest in the quasar spectra





Luminosity distances of the SNIa 



Luminosity distances of the SNIa ‘standard candles’ 

Supernova Cosmology Project Union2.1 (Amanullah et al. 2010, Rubin et al. 2014) 



Constraining the model  
with observations

Distance modulus vs. redshift z computed with our 
model and Lambda CDM. We compare the 
theoretical predictions with observational data of 
SNIa from SCP2.1. We present our model, 
LambdaCDM and SNIa from SCP release in the blue 
line, magenta line and black points, respectively.

García +2020



BAO (baryon acoustic oscillations) ‘standard rulers’



BAO (baryon acoustic oscillations)

BOSS -Baryon Oscillation Spectroscopic Survey- (Anderson et al. 2014)

6dF Galaxy Survey (Beutler et al. 2011)



Constraining the model  
with observations

Prediction for H(z)/(1+z) as a function of 
redshift.BAO observations derived with BOSS DR12 
from Alam2017 in yellow diamonds, from BOSS 
DR14 quasars by Zarrouk2018 in the pink inverted 
triangle, BOSS DR14 Lya  autocorrelation at z = 
2.34 with the grey circle, and BOSS DR14 joint 
constraint from the Lya auto-correlation and cross-
correlation with quasars from Blomqvist 2019 in 
the dark red square. All the previous observations 
have computed with Planck 2018 cosmological 
parameters. The inferred Hubble measurement at z 
= 0 derived independently by Riess 2019 is shown 
with the cyan right tilted triangle. 

García +2020



Cluster Count

Planck Collaboration XXIV. Cosmology from Sunyaev-Zeldovich (Ade et al. 2018)

cluster number (measured)

cluster number density (sims)

distances (modeled)



CMB (Cosmic Microwave Background)

WMAP Collaboration (Komatsu et al. 2014), Planck Collaboration (Ade et al. 2015), 

SPT (Schaffer et al. 2011)



Other cosmological probes 

Weak gravitational lensing:

but also,H0 prior

For instance, Riess et al. 2016

clustering (DM)

distances



Hubble diagram with QSOs

Risaliti & Lusso 2015 



Hubble diagram with QSOs

Risaliti & Lusso 2018 



Distance modulus SNIa vs. QSOs

Risaliti & Lusso 2018 



Hubble diagram with GRBs

Demianski +2017



Cosmology with FRBs

Hashimoto +2019 



Statefinder parameters

Statefinder parameters space. The set of 
parameters today for Lambda CDM is presented 
with a purple square {r,s} = {1,-1}, while the 
values for our DE model are shown with the golden 
star. The black line exhibits the evolution with 
redshift of the Statefinder parameters given our 
model. The effective parametrization evolves from 
high redshift (early times) in the right lower side 
to the future in the left upper corner.

García +2020



Gravitational waves ‘standard sirens’

Garoffolo +2020 
Ezquiaga +2018 

Amendola +2014a; Pettorino +2015; Raveri +2015



Constraints with 
ongoing surveys 

Padmanabhan 2019

DES



CMB + LSS

Planck CMB data   

+ 

galaxy redshift survey & Lya forest (EBOSS).

Bull +2020

Constraints with 
ongoing surveys 





Cosmology modelling: codes

* CAMB 

* CLASS 

* CosmoLike 

* SNANA 

* MGCCAMB 

* MGCLASS 

* IsItGR 

* EFTCamb 

* Colossus 

* CosmoCalc 

* AstroPy 

* CosmoMC 

* CosmoHammer 

* CosmoSis 

* Cosmolopy 

* COBAYA



Thanks for your attention!
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Yoo +2012

Disclosure: this paper was published in 2012. 

There are many new DE projects released or 
proposed.



Abstract

In this work, we explore upcoming cosmological proxies to constrain alternative cosmological models. We 
focus on a particular dark energy model with a non-negligible contribution during radiation domination 
epoch, and therefore, it could have introduced additional degrees of freedom on the Hubble parameter at 
that time. We consider probes that these candidates can be submitted in the future, and calculate the upper 
limits for the observables associated with dark energy models.


