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Introduction and Motivation

1. COSMIC COINCIDENCE PROBLEM: ¿Why the density of matter 
and dark energy today are of the same order of magnitude? 
(Frieman, J. A., Turner, M. S., & Huterer, D. 2008).
 

2. Fine-Tuning PROBLEM: ¿Why is the cosmological constant so 
small? (Albrecht, A., Bernstein, G., Cahn, R., et al. 2006)

3. QUANTUM VACUUM ENERGY DENSITY: ¿Why the calculated value 
of the cosmological constant from observations is 120 orders of 
magnitude larger than the calculated by QFT? (Weinberg S. 
1998).

Some theoretical problems with the 
standard model of cosmology, ￼…!



Introduction and Motivation

1. Alternative models of dark Energy: wCDM, Chevalier-Polarski-
Linder (CPL), Interacting Dark Energy (IDE), Generalized 
Chapliygin Gas (GCG)..etc. (Bonilla A. et.al. 2013, 2016, 2017)

2. Modified Gravity: f(R), f(T), Massive Gravity, Tensor, Vector, 
Scalar (Horndeski). (Bonilla A. et.al. 2017, 2019)

3. Holographic Dark Energy: Tsallis' entropy, Kaniadakis statistics, 
Fluid/Gravity Duality , (Bonilla A. et.al. 2013, 2016, 2017, 2018).

https://inspirehep.net/literature/1668881
https://inspirehep.net/literature/1636964
https://inspirehep.net/literature/1591137
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Hubble and S8 tensións
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Methodology

Bayesian inference methods are traditionally used



Methodology
Regression Classification

Bonilla, Kumar and Nunes,  EPJC (2021) Pearson, Pennock and Robinson, MNRAS  (2018)

Gaussian Processes (GP’s)
Bonilla, Kumar, Nunes and Pan, MNRAS (2021) Neural Networks (NN’s)

● Independent of the physical model
● Computationally low cost
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Results

 = 0, aligns with Planck-δ ΛCDM expectations 
(Null Hypothesis).

δ > 0, implies deviations toward a faster-expanding 

universe than Planck-ΛCDM predicts.

δ < 0, indicates a slower expansion in comparison 

Planck-ΛCDM.
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But what is new 
physics?
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Some examples
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Some specific examples
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Forecast on lepton asymmetry from future CMB experiments

Alexander Bonilla (Juiz de Fora U.), Rafael C. Nunes (Sao Jose, INPE), Everton M.C. Abreu (
Rio de Janeiro Federal U. & Juiz de Fora U. & UFRJ, Rio de Janeiro)

Oct 15, 2018 - 6 pages
K Mon.Not.Roy.Astron.Soc. 485 (2019) no.2, 2486-2491

K (2019-05-11)
K DOI: 10.1093/mnras/stz524

K e-Print: arXiv:1810.06356 [astro-ph.CO] | PDF

http://inspirehep.net/author/profile/Bonilla%2C%20Alexander?recid=1698451&ln=es
http://inspirehep.net/search?cc=Institutions&p=institution:%22Juiz%20de%20Fora%20U.%22&ln=es
http://inspirehep.net/author/profile/Nunes%2C%20Rafael%20C.?recid=1698451&ln=es
http://inspirehep.net/search?cc=Institutions&p=institution:%22Sao%20Jose%2C%20INPE%22&ln=es
http://inspirehep.net/author/profile/Abreu%2C%20Everton%20M.C.?recid=1698451&ln=es
http://inspirehep.net/search?cc=Institutions&p=institution:%22Rio%20de%20Janeiro%20Federal%20U.%22&ln=es
http://inspirehep.net/search?cc=Institutions&p=institution:%22Juiz%20de%20Fora%20U.%22&ln=es
http://inspirehep.net/search?cc=Institutions&p=institution:%22UFRJ%2C%20Rio%20de%20Janeiro%22&ln=es
https://doi.org/10.1093/mnras/stz524
http://arxiv.org/abs/arXiv:1810.06356
http://arxiv.org/pdf/1810.06356.pdf
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Unveiling the nature of Dirac’s neutrinos in light of the latest cosmological test 
Bonilla, Hortua, Di Valentino & Castillo. In preparation
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Final Remarks The era of multi-messenger astronomy
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LISA – First Space Based Detector of 
Gravitational Waves
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Latinamerican proposal for a gravitational 
wave observatory
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Gravitational Waves



End…!
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