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Tensions in Cosmology

• 4𝜎 difference between the Hubble 
constant from the CMB vs. SH0ES.

• More then 3𝜎 difference between 
early and late measurements 
(CMB & LSS)



The 𝑆8 tension

• 𝜎8 - matter fluctuations averaged in spheres of radius 8 ℎ−1𝑀𝑝𝑐

• The 𝑆8 quantifying the amplitude

of late-time matter fluctuations

𝑆8 = 𝜎8
Ω𝑚

0.3

• ~ 50 data points from the latest 

experiments: 0.01 ≤ 𝑧 ≤ 1.994



Homogenous Cosmology

• The Freidmann Eq. is normalized with:

𝐻 𝑧 2 = 𝐻0
2(Ω𝑚 1 + 𝑧 3 + 1 − Ω𝑚 1 + 𝑧 −3(1+𝑤))

• The DE parametrization: 𝑤 = 𝑤0 + 1 − 𝑎 𝑤𝑎

• Radiation is ignored since the measurements are from the late 
universe. 



Perturbative Cosmology

• Matter perturbations: 𝛿𝑚 = 𝛿𝜌/𝜌

• The linear matter perturbations (in Fourier space):
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• assumption of small scales approximation (no k).
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Uncorrelated and Correlated data

• Likelihood: ℒ = exp −
𝜒2

2

• 𝜒2 = σ𝑖=1
𝑁 𝑓𝜎8 𝑑𝑖 −𝑓𝜎8(𝜃𝑖)

𝜎𝑦
(𝑖)
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for uncorrelated points.

• Can be written as: 𝜒2 = 𝑉𝑖
𝑇 𝑑 − 𝜃 𝑀𝑖𝑗 𝑉𝑖 𝑑 − 𝜃

𝑀𝑖𝑗 = …𝜎𝑖𝑖 … for uncorrelated measurements.  

• We  test correlations, using 𝑀𝑖𝑗 = 0.5𝜎𝑖𝜎𝑗 with 25% random points.



Bayesian Analysis - 𝚲CDM



𝑾𝑪𝑫𝑴



Gaussian Process Regression

• Unsupervised learning. Assumes Kernel distribution between two points.

• A Kernel dependent 𝑐𝑜𝑣 𝑓 𝑥 , 𝑓 𝑥′ = 𝐾(𝑥, 𝑥′)



Kernel Dependent



GP for the 𝑓𝜎8 data

𝑓𝜎8 0.001 = 0.505 ± 0.0852 𝑀𝑇𝐹 Mon. Not. Roy. Astron. Soc. 471, 3135 (2017)

𝑓𝜎8 0.02 = 0.428 ± 0 .04652 6dFGS JCAP 1705, 015 (2017)



Results for the 𝑆8 values

1.49σ 1.47σ 1.58σ



Final Results

• With B.A there is a clear tension with Planck measurement.

• With ML the tension is reduces to ~1 𝜎 for some kernels. 

• Still an open window to new physics…


