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𝐻0

The “large scale” 𝐻0value from CMB: 66.93
𝐻0 is constrained by CMB mainly through the 

distance to the last scattering
They are quite different..



Evidence for a ~300 Megaparsec Scale Under-density in the Local 

Galaxy Distribution, Keenan et all, Astrophys.J. 775 (2013) 62



SN angular distribution 

40% of Cepheids used for SN calibration are inside Field 3, direction along which 
Keenan found a significant radial inhomogeneity



Standard estimation of the effects of inhomogeneities on 𝐻0, 



Do we really measure the scale factor 
directly?

No… we measure the luminosity distance

So we should compute the effects of 
Inhomogeneities on D(z) not on a(t)!



Perturbative effects effects of inhomogeneities on D(z)

In the Newton gauge

linear perturbations calculations give, (Phys.Rev. D85 (2012) 029901)



Dominating effects : covergence and Dopple

The monopole of the effect on v depends on the volume average of the density contrast, as expected from Newtonian physics 



Low red-shift approximations : a local modification of Hubble law 

• The effect is negligible far from the homogeneity because of the volume average 
• A local inhomogeneity affects the local estimation but not the large scale value of 𝐻0



Effects of local estimation of the Hubble parameter  

The effect can be quite different from the the formula used before based on the scale fact a(t) 



• This value is in agreement with Keenan’s analysis

• The void should extend beyond 2M++ depth, explaining why red-
shift correction applied by Riess did not remove its effect 

• This kind of inhomogeneity are found in LCDM simulations

What kind void could resolve the apparent Hubble tension?



Effects for non compensated void



Effects for compensated void



SN red-shift correction

But 2M++ depth is only 0.06 …



Velocity profile inside a void 



Reconstructing the high red-shift structure of the Universe
with Supernovae

• This method opens a unique window at high red-shift large scale structure
• It can detect dark matter presence up to a red-shift 1.5 with Euclid



Anisotropy of local structure

• The Universe is not homogeneous on small scales, and assuming it 
is while it is not produces miss estimations of background 
cosmological parameters .. such as 

• In the case of SN, there is an additional directional dependence 
due to the fact that their angular distribution  is not uniform

• Keenan’s results show that the radial density profile is not the 
same in all directions

• We have applied the inversion method to reconstruct 
independently the density profiles from SN data, confirming the 
anisotropy detected by Kenan using luminosity density



SN and Cepheids distribution in F1

SN and Cepheids distribution in F1



Inversion method including non perturbative effects



How good is the improved inversion for non linear structures?

Improved inversion Solid 
line

Linear inversion
Dashed line



Smoothing the input functions 

• The inversion requires to differentiate the luminosity distance,  and smooth functions are preferable
• In order to avoid any bias we make model independent fits of the distance modulus using radial basis

functions (RBF) for the function f(z) defined

• We fit 𝑤0, 𝑤1, the centers 𝑝𝑚, and the number of subintervals 𝑁𝑁𝐿 .
• A homogeneous model corresponds to al the parameters equal to zero.



Directional radial profiles reconstruction

• We divide  SN in different sets, corresponding to Keenan’s angular sub regions  1,2 3
• For each direction we reconstruct the density profile and compare it to Keenan and 2M++
• In the directions where there are enough data point we confirm Keenan’s results and that 

2M++ is not deep enough to detect these inhomogeneities
• If SN were red-shift corrected with our reconstructed density/velocity profiles the 

discrepancy would be removed, as anticipated by  previous theoretical predictions
• There is no tension! There is just a local structure that galaxy catalogs have not detected 

due to their limited depth
• Euclid could provide very important confirmations both in terms of new and more 

accurate SN luminosity distance observations and number counts



• Subregion 3

Results for subregions 1 and 3



Field 3 reconstruction, zmax=0.4



Field 3 reconstruction, zmax=0.4



Field 1 reconstruction, zmax=0.2



Field 1 reconstruction, zmax=0.4



Conclusions

• The reconstruction is in agreement with Kenan at low redshift
• Further evidence of anisotropy
• More data will make it possible to reconstruct the density in other directions such as  F3
• A more general reconstruction method can be developed
• SN provide a unique window on high red-shift large scale structure, in particular on dark matter, 

because gravitational effects are the same for DM and baryonic matter, but at high red-shift 
selection effects make baryonic matter observations more difficult 

• The reconstruction gives  the correct normalization with respect to the average density of the 
Universe for galaxy surveys such as 2M++, which are limited by their depth


















