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“As has recently been shown by Professor 
Seeliger, the most rational view of the 
arrangement of stars that one can build on 
the basis of current observations, is that all 
visible stars, whose number can be 
estimated to be no greater than 40 million, 
can be considered to lie within a space of a 
few hundred AU, and that outside this 
is a relative void. Even if this view is 
reassuring, by offering us a significant step 
in our understanding of the Universe 
through a complete investigation of this 
limited stellar system, this reassurance, so 
satisfying to reason, would be experienced 
to an even greater degree if we could 
conceive of space as being closed 
and finite and filled, more or less 
completely by this stellar system.”
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Flat Universe



  
Buchert, Carfora, Class. Quant. Grav. 25 , 195001 (2008)

Emerging spatial curvature 
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Ė⟨ab ⟩=−ΘEab−
1
2 (ρ+ p)σab+curl H ab−

1
2 π̇ab−

1
6 Θπab

+ 3σ ⟨ a
c (Eb ⟩ c−

1
6 πb ⟩ c )+ϵcd ⟨ a [2 Ac H b ⟩

d −ωc (Eb ⟩
d+

1
2 πb ⟩

d ) ]
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FLRW Cosmology

Σ≡ 0 , shear free
W ≡ 0 , conformally flat
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Silent Cosmology
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Silent Universe Simulation
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Low-redshift constraints on curvature

Rasanen, Bolejko, Finoguenov, Phys. Rev. Lett. 115, 101301 (2015)
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Current data:
580 supernovea and
30 lensed galaxies

Future data:
10,000 supernovea and
10,000 lensed galaxies

Rasanen, Bolejko, Finoguenov, Phys. Rev. Lett. 115, 101301 (2015)

Low-redshift constraints on curvature
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Measuring the curvature

Bolejko, arxiv:1707.01800 (2017)
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Betoule, Kessler, Guy, et al. Astron. & Astroph. 568, A22, (2014)

JLA Supernova constraints 

Flat Universe



  

Riess, Macri, Hoffmann et al, Astrophys. J. 826, 56 (2016)
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H
0
 tension resolved

Planck
high-redshift

Riess et al.
low-redshift

H0=73.24
±1.74
km s−1 Mpc−1
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±0.92
km s−1 Mpc−1
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Silent Cosmology

ρ̇=−Θ ρ

Θ̇=−
1
3

Θ
2
−

1
2

ρ−6 Σ
2
+Λ

Σ̇=−
2
3

Θ Σ+Σ
2
−W
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FLRW limit: Σ≡ 0 , W ≡ 0



  

Bolejko, arxiv:1708.0940 (2017)



  



  

Brief history of spatial curvature

● -300: Euclid's Elements
● 1813: beginning of non-Euclidean geometry
● 1900: astronomical constraints on spatial curvature
● 1917: cosmological models with K > 0
● 1923: extragalactic astronomy
● 1929: expanding Universe
● 1932-1990s: Λ = 0, K = 0
● 1997-2010s: Λ > 0, K = 0
● 2008-2017: theoretical suggestions for Λ > 0, K < 0

● 2022-2025: Euclid measures K, 
          K < 0 enters standard cosmology 
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