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Gaussian Process Regression

• Unsupervised learning. Assumes Kernel distribution between two points.

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



Kernel Dependent



The 𝑆8 tension

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

• 𝑆8 = 𝜎8
Ω𝑚

0.3

• ~ 50 data points from the latest 

experiments: 0.01 ≤ 𝑧 ≤ 1.994

• More then 3𝜎 difference between

early and late measurements? (CMB & LSS)

Less then 1𝜎 difference between early and late measurements (Amon, Efstathiou)



Homogenous and perturbative late Cosmology

• The Freidmann Eq. is normalized with:

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

• 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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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)
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Results for the 𝑆8 values

1.49σ 1.47σ 1.58σ



Absolute Magnitude is really a Constant?

• Supernova

• “Canceling” the expansion rate by BAO 

• A degeneracy M - H0:  is replaced by M - rd.
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Numerical Results



M vs. z?

• Different M 

corresponds to different rd.



Final Results

• It is possible to quantify the tensions with model independent 
approach.

• With ML the 𝑆8 tension is reduces to ~1.5𝜎 for some kernels. 

• 𝑀𝑏 from Type IA + BAO data changes for different 𝑟𝑑, but is a constant 
up to ~1𝜎. 


