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Outline of the Talk

Present state of Universe

Ongoing tensions in recent cosmology

Is rd tension related to Hubble tension?

At present, rd estimation is biased by the model and high redshift
CMB data.

How we measure rs from low-redshift measurements in a completely
model independent way?

Does low-redshift estimation of rs consistent with the one derived
from high-redshift CMB observations?

Conclusion
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A growing Universe �
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A growing Universe �

  

The most important question: What is the age of Universe
 or how is the expansion happening?
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A growing universe ... and tension �

  

> 5 sigma

73.04 ± 1.04  
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Another important derived parameter: rd
Another standard object like SNI-a �

  By Wayne Hu and Martin White
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Current state - Tensions (Hubble Tension) �

  

Current state : > 5 sigma tension 
between Planck and SH0ES 2022

Questions that follow: Is 
ΛCDM the right theoretical CDM the right theoretical 
model?

Di Valentino : Mon.Not.Roy.Astron.Soc. 502 (2021)
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Current state - ”Crisis” in Cosmology �
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Price of shift in Hubble Constant is the shift in rd �

  

Because CMB constrains Acoustic angle theta which
is product of H0 and r_s.
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Price of shift in Hubble Constant is the shift in rd �

  
Aylor et al. [ Astrophys.J. 874 (2019)]
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Current state - Tensions (rd Tension) �

  
Aylor et al. [ Astrophys.J. 874 (2019)]
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Our Work �

  

Assumed ΛCDMΛCDMCDM
Cosmology

(z=1100)
CMB

Our Work : 
Model
Independent ΛCDM
Way
(at low redshifts)

Ruchika (INFN, Roma) Low-redshift estimates of the absolute scale of baryon acoustic oscillationsApril 25, 2023 12



Our Work �

  

Assumed ΛCDMΛCDMCDM
Cosmology
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Our Work �

  

Assumed ΛCDMΛCDMCDM
Cosmology

(z=1100)
CMB

Our Work : 
Model
Independent ΛCDM
Way
(at low redshifts)

Notation : r_d                                                                                               Notation :  ΛCDMr_s

 ΛCDM ΛCDMIs ΛCDMr_s ΛCDM(absolute ΛCDMscale ΛCDMof ΛCDMBaryon ΛCDMAcoustic ΛCDMOscillations) ΛCDMsame ΛCDMas ΛCDMr_d ΛCDM
 ΛCDM(sound ΛCDMhorizon ΛCDMat ΛCDMdrag ΛCDMepoch) ΛCDM ΛCDM?

Probe ΛCDMof ΛCDMstandard ΛCDMassumptions ΛCDMof ΛCDM
early ΛCDMuniverse ΛCDMcosmology
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Our Work �

  

  Observables Used                                                 Data Used

● Luminosity Distance                                               Supernoave Type-Ia             
         

● Angular Diameter Distance                                  
                                                                                Transversal BAO data

● 2D BAO measurements from
angular separation of pairs of
galaxies

Pantheon Sample which comprises 1048 
SNe data points ranging in the redshift 
interval 0.01 ≤ z ≤ 2.3

11 θ _BAO (z) measurementsBAO (z) measurements
obtained from public data of the Sloan Digital 
Sky Survey (SDSS), namely DR10, DR11, 
and DR12

inferred

measured

measured

(Assuming CDDR
is valid)
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Our Work �

  

  Observables Used                                                 Data Used

● Luminosity Distance                                               Supernoave Type-Ia             
         

● Angular Diameter Distance                                  
                                                                                Transversal BAO data

● 2D BAO measurements from
angular separation of pairs of
galaxies

Pantheon Sample which comprises 1048 
SNe data points ranging in the redshift 
interval 0.01 ≤ z ≤ 2.3

11 θ _BAO (z) measurementsBAO (z) measurements
obtained from public data of the Sloan Digital 
Sky Survey (SDSS), namely DR10, DR11, 
and DR12

inferred

measured

measured

Calculates absolute scale for BAO
in model independent way

(Assuming CDDR
is valid)
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Methodology �

  

● Binning                                Binned data into 11 bins                      Have 11 data points

● Gaussian Processes           Constructed a Gaussian Function       Have 11 data points   
    

SneI-a Data                                        BAO Data            

   redshift interval    
 0.44 ≤ z ≤ 0.66   Methodology            .
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Example:

Example:
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Results �
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Results �
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Results : Consistency with ΛCDM �
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Conclusion �

Results from both the methods agree with each other and with
the CMB estimate within 1σ.

To note : Compatible because of high error estimates on rs .

Motivation: Can test the robustness of the ΛCDM model and standard
assumptions taken at high-redshift universe in future.

And, the Future is DESI, Euclid, J-PAS...
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Grazie Mille!
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Theoretical Model explaining CMB Observations �

Concordance ΛCDM model (P.Ade et al. A& A 2018):

Mainly 6 parameters

Ωbh
2- fractional density of baryons

Ωch
2- fractional density of CDM

H0-Hubble Parameter

ns -scalar spectrum power law index

τ - the optical depth due to

reionisation

ln(1010As)-amplitude of primodial

power spectra
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