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our using θ ≡ ∇ · v, the velocity divergence field. Using equation (5) and the Friedmann

equation, we write the continuity equation [Eq. (3)] and the Euler equation [Eq. (4)] in

Fourier space as

δ̇(k, τ ) + θ(k, τ )

= −

∫

d3k1

(2π)3

∫

d3k2δD(k1 + k2 − k)
k · k1

k2
1

δ(k2, τ )θ(k1, τ ), (6)

θ̇(k, τ ) +
ȧ

a
θ(k, τ ) +

3ȧ2

2a2
Ωm(τ )δ(k, τ )

= −

∫

d3k1

(2π)3

∫

d3k2δD(k1 + k2 − k)
k2(k1 · k2)

2k2
1k

2
2

θ(k1, τ )θ(k2, τ ),

(7)

respectively.

To proceed further, we assume that the universe is matter dominated, Ωm(τ ) = 1

and a(τ ) ∝ τ 2. Of course, this assumption cannot be fully justified, as dark energy

dominates the universe at low z. Nevertheless, it has been shown that the next-to-leading

order correction to P (k) is extremely insensitive to the underlying cosmology, if one

uses the correct growth factor for δ(k, τ ) (Bernardeau et al. 2002). Moreover, as we are

primarily interested in z ≥ 1, where the universe is still matter dominated, accuracy of our

approximation is even better. (We quantify the error due to this approximation below.) To

solve these coupled equations, we shall expand δ(k, τ ) and θ(k, τ ) perturbatively using the

n-th power of linear solution, δ1(k), as a basis:

δ(k, τ ) =
∞

∑

n=1

an(τ )

∫

d3q1

(2π)3
· · ·

d3qn−1

(2π)3

∫

d3qnδD(
n

∑

i=1

qi−k)Fn(q1,q2, · · · ,qn)δ1(q1) · · · δ1(qn),

θ(k, τ ) = −
∞

∑

n=1

ȧ(τ )an−1(τ )

∫

d3q1

(2π)3
· · ·

d3qn−1

(2π)3

∫

d3qnδD(
n

∑

i=1

qi−k)Gn(q1,q2, · · · ,qn)δ1(q1) · · · δ1(qn)

Here, the functions F and G follows the following recursion relations with the trivial initial

conditions, F1 = G1 = 1. (Jain & Bertschinger 1994)


