EARLY UNIVERSE PHYS40772 2009 : Dr R.A. Battye STRUCTURE FORMATION IN A NUTSHELL

Density pertubation :

δ(x, t) = δρ(x, t) ρ = ρ(x, t) − ρ̄(t)

ρ̄(t) (1)

δ_k = 1 V ∫ d^3xδ(x, t)e^{ik·x} (2)

Correlation function :

ξ(r) = 1 V ∫ d^3xδ(r)δ(x + r) = V (2π)^3 ∑ k |δ_k|^2e^{−ik·x} (3)

Transfer function :

δ_k(t_0) = T (k)δ_k(t_i) (4)

Newtonian perturbation equation :

δ̈_m + 2ȧ a δ̇_m = δ_m [ 4πGρ_m − c^2_s k^2 a^2 ] (5)

Matter era solution :

δ̈_m + 4 3t δ̇_m − 2 3t^2 δ_m = 0 → δ_m ∝ t^{2/3}, t^{−1} (6)

Mezaros equation :

d^2 dy^2 δ_m +

2 + 3y 2y(1 + y) d dy δ_m − 3 2y(1 + y) δ_m = 0 → δ_m ∝ 2 3 + y (7)

where y = a/a_{eq} Relativistic perturbation theory :

k^2H − a^′ 2a h^′ = 3 2 [ ω_rδ_r a^2 + ω_mδ_m a ]

h^{′′} + a^′ a h^′ =

6ω_rδ_r a^2 + 3ω_mδ_m a k^2H^′ = −

2ω_rθ_r a^2

δ^′_m = 1 2 h^′

δ^′_r = 4 3 [1 2 h^′ − θ_r ]

θ^′_r = 1 4 k^2δ_r (8)

Adiabatic pertubations :

Super-horizon modes satisfy δ_r = 4δ_m/3

δ^{′′}_m + 2 η δ^′_m − 6 η^2 δ_m = 0 (mat) δ^′_m + 1 η δ^′_m − 4 η^2 δ_m = 0 (rad) (9)

Sub-horizon modes satisfy ⟨δ_r⟩ ≈ 0

δ^{′′}_m + 2 η δ^′_m − 6 η^2 δ_m = 0 (mat) δ^{′′}_m + 1 η δ^′_m = 0 (rad) (10)

Conformal Newtonian Gauge

h_{00} = 2ψ , h_{ij} = −2ϕδ_{ij} . (11)

ψ = α^′ + a^′ a α , ϕ = H − a^′ a α , α = 1 2k^2

(h^′ + 6H^′) . (12)

δ^{(con)} = δ^{(syn)} − 3H(1 + w)α , θ^{(con)} = θ^{(syn)} + k^2α , δP^{(con)} = δP^{(syn)} + αP̄ (13)

CDM transfer function :

T (k) ∝ 1 for k << k_{eq} and T (k) ∝ ( k k_{eq}

)_{−2}

for k >> k_{eq} (14)

HDM and Baryons :

T (k) ≈ 0 for k >> k_{FS} and T (k) ≈ 0 for k >> k_J (15)