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■ 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?

http://arxiv.org/abs/1303.4444
http://arxiv.org/abs/1305.4415


beyond the homogeneous model
Newt/E – fvir – VA – Ωeff

R
– ds2 – deff

L
– • | BAO/DR7 — overlap — r⊥ — ∆s(ωmin) | conclu

The baryon acoustic oscillation peak: testing the comoving rigidity hypothesis fvir | m − M | r⊥ @1RJS 27/08/2015 – 3

■ fvir(z) := fraction of virialised matter (large-scale structure,
clusters, galaxies)

http://arxiv.org/abs/1303.4444
http://arxiv.org/abs/1305.4415
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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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■ 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
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■ early: V(voids) : V(structures) ∼ 1− fvir : fvir
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■ define λM := fvir/∆vir ≪ 1
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■ late : V(voids) : V(structures) ∼ 1− fvir/∆vir : fvir/∆vir

■ define λM := fvir/∆vir ≪ 1

⇒ voids dominate any volume average
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m + (1− λM) ΩE
m
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⇒ voids dominate any volume average
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m (z) := ΩD

m(z) ≈
Ωbg

m
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Heff(z) ≈ H(z) +Hpec(z)
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■ see Buchert, Carfora, G.F.R. Ellis, Kolb, MacCallum, Ostrowski,
Räsänen, Roukema, Andersson, Coley & Wiltshire
arXiv:1505.07800

http://arxiv.org/abs/1505.07800
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