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■ standard model: ΛCDM (Ωm0 ≈ 0.32,ΩΛ0 ≈ 0.68) homogeneous

■ simpler model: EdS (Ωm0 = 1,ΩΛ0 = 0) homogeneous

= background expands relativistically (Einstein)

+ linear density perturbations δ := ρ−〈ρ〉
〈ρ〉

, |δ| ≪ 1
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(Newton)

+ voids −1 <
∼ δ ≪ 0 (Newton)

■ when/where should ΛCDM, EdS fail?
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■ standard model: ΛCDM (Ωm0 ≈ 0.32,ΩΛ0 ≈ 0.68) homogeneous

■ simpler model: EdS (Ωm0 = 1,ΩΛ0 = 0) homogeneous

= background expands relativistically (Einstein)

+ linear density perturbations δ := ρ−〈ρ〉
〈ρ〉

, |δ| ≪ 1

+ large-scale structure, galaxy clusters, galaxies δ > ∆vir ≫ 1
(Newton)

+ voids −1 <
∼ δ ≪ 0 (Newton)

■ Newton 6= Einstein ⇒ ΛCDM, EdS should fail at ≪ 3 h−1 Gpc
and z < 3
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■ what parameter can measure the expected failure of the
homogeneous models?
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■ fvir(z) ≪ 1 ⇒ ΛCDM, EdS ∼ valid

■ fvir(z) ≫ 0.01 ⇒ ΛCDM, EdS ∼ fail

■ fvir(z) strongly correlates with ΩΛ(z)
Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043;
Roukema 2013, IJMPD, 22, 1341018;
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■ fvir(z) ≪ 1 ⇒ ΛCDM, EdS ∼ valid

■ fvir(z) ≫ 0.01 ⇒ ΛCDM, EdS ∼ fail

■ fvir(z) strongly correlates with ΩΛ(z)
Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043;
Roukema 2013, IJMPD, 22, 1341018;

■ Is ΩΛ(z) an artefact of ignoring virialisation?

http://arxiv.org/abs/1303.4444
http://arxiv.org/abs/1305.4415
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■ Newton : constant spatial curvature of structures + voids
Friedmann equation:

Ωm + ΩΛ + Ωk = 1.

■ Einstein : hyperbolic voids
Buchert : volume-weighted means on domains D := M∪ E
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Roukema, Ostrowski, Buchert, 2013, JCAP, 10, 043

■ Newton : constant spatial curvature of structures + voids
Friedmann equation:

Ωm + ΩΛ + Ωk = 1.

■ Einstein : hyperbolic voids
Buchert : volume-weighted means on domains D := M∪ E
generalised Friedmann equation (Hamiltonian constraint):

ΩF
m + ΩF

Λ + ΩF
R + ΩF

Q =
H2

F

H2
D

, where F ∈ {M, E ,D}
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■ assume ΩF
Λ = 0
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■ define λM := fvir/∆vir ≪ 1

⇒ voids dominate any volume average
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m = λMΩM

m + (1− λM) ΩE
m

HD = λMHM + (1− λM)HE



EdS + virialisation
Newt/E — fvir — EdS+VA — Ω

eff

R
, Reff

C
— ds2 — deff

L
conclu (BICEP2)
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⇒ voids dominate any volume average
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⇒ voids dominate any volume average
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Heff(z) ≈ H(z) +Hpec(z)
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ΩΛ evolution: cosmological constant (w = −1) or time-varying?
(93): w = −1.24+0.18
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■ Planck (1303.5076v1) cosmo parameters:

■ high-z: H0 = 67.3± 1.2 (68%; Planck + WMAP polar.)
low-z: H0 = 74.05± 1.6 (Riess et al. 2011, Freedman et al 2012)
homogeneous model rejected at 3.38σ (euphemism: “tension”)

■ w := p/ρ
ΩΛ evolution: cosmological constant (w = −1) or time-varying?
(93): w = −1.24+0.18

−0.19 [95%; Planck + WMAP polar. + Riess et al
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