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BAO – „standard ruler“ in cosmology

Credit: Chris Blake and Sam Moorfield

● Baryonic acoustic oscilations are regular, 
periodic fluctuations in the density of the 
visible baryonic matter of the universe. 

● Created by the intrerplay of gravity, radiation 
pressure and the expansion of the universe 
acting on its different components

● The distance at which plasma waves induced 
by radiation pressure froze at recombination 
the sound horizon, r

d

● Measured by looking at the large scale 
structure of matter

Planck 2018: 
r

d
=147.5 Mpc,  

z
d
=1059, z

*
=1100.



  

Connecting the dots...
Observational: Theoretical: LCDM:

With EOS:

withwhere



  

The datasets
● BAO from eBoss, SDSS, DES, 

WiggleZ, 6dFGS

● Cosmic chronometers

● Standard candles:

-- Pantheon type Ia SNe 

-- quasars and GRBs

● Collection of 333 data points from ~70 
publications, in the period 2008 – 2020

● The SDSS's eBOSS uses low redshift 
galaxies (MGS), luminous red galaxies 
(LRG), emission line galaxies (ELG) and 
the Lyman-α forest of quasars. 



  

Methodology
● Python + Polychord as a nested MCMC sampler + Getdist

● 5 parameters: Ωm, ΩΛ, H0, rd, rd/rdfid , extended with Ωk or w

● Additional H0 prior using the Riess et al. (2019) measurement:

● LCDM priors                                                                               Extended models priors

● Standard χ2 function for uncorralated data:

Note r
d
, r

d
/r

dfid
 are 

independent parameters!



  

Correlations:
● Covariance matrix

● Mock covariance

● Correlated χ2:

where

yi are the observed values 
and y

th
 -- the theoretically 

predicted ones for this z and σi 

is the error  

● The results:

Difference between 0% correlation 
and 30% correlation is ~10%.

Thus points are uncorrelated.

Kazantzidis & Perivolaropoulos 2019, PRD 99, 063537



  

The LCDM model:



  

The r
d
-H

0
 tension

● Knox, L. & Millea, M. 2020, Physical Review D, 101, arXiv:1908.03663
Our results fall on the 

BAO+SN line



  

Extensions
●  ΩkCDM ● wCDM



  

The spatial curvature

Our result
Di Valentino et al.

Astropart. Phys. 131, 102607 
(2021),  arXiv:2008.11286



  

Conclusions:
● BAO combined with other 

cosmological probes can be used 
to constrain cosmological 
parameters. 

● LCDM is the best fit model
● The data shows preference for a 

closed universe (k=1) but with low 
statistical support

● The data has some support for 
wCDM with equation of state w≥-1

● BAO data cannot alleviate the H
0
 

tension entirely:

LMC: H0= 74.03 (km/s)/Mpc, 

CMB: H
0
 = 67.4(km/s)/Mpc

Our result: H0=69.85 (km/s)/Mpc

● We see strong dependence of the 
final value of H0 on the choice of rd 
as expected. 

A&A 2020
DOI: 10.1051/0004-6361/202039502

arXiv:2009.10701 [astro-ph.CO]



  

Thank you for your attention!

This talk is supported by Bulgarian National
Science Fund grant DN 18/1 



  

In numbers:



  

The final dataset
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