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[1] Derive Eq. (2.52). For a quantitative estimate of keq, you may use Ωr,0h
2 = 4.155× 10−5:
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[2] Derive Eq. (2.57):
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[3] Using Eqs. (4.2) and (4.4), derive the critical value δcrit in Eq. (4.5) (see below):

δcrit ≡ δlin(tcoll) =
3

20
(12π)2/3 ≃ 1.68647, (4.5)

where tcoll is the collapse time, tcoll = t(θ = π/2). The δlin is the linearized density contrast
whose expression is derived by taking the limit, θ ≪ 1 [Hint: you must take the limit in
both δ(θ) and t(θ) to obtain δlin(t)].

[4] Using Eq. (4.47) and Eq. (4.54), derive Eq. (4.55):

B(k1,k2,k3) ≃ {D1(a)}4
{
2F2(k1,k2)P0(k1)P0(k2) + (cyclic perm.)

}
. (4.55)

[5] Consider the gravity-induced non-Gaussianity. A simple non-Gaussian indicator is the skew-
ness defined by:

S3 ≡
⟨{δ(x⃗)}3 ⟩
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,

where the quanties in the numerator and denominator are related to the Fourier-space corre-
lators through ⟨
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Show that the leading-order calculation based on the perturbation theory up to the second
order gives

S3 ≃
34

7
.

Hint : To compute the denominator of S3, you may use the linear theory result, δ ≃ δ1 =
D1(a) δ0(k) to obtain ⟨

{δ(x⃗)}2
⟩
≃ D1(a)
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For the numerator, the leading-order expression of the bispectrum has to be used [see
Eq. (4.55)]. With the explicit functional form of the kernel F2 [Eq. (4.37)], the numerator is
then reduced to ⟨
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⟩
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Note–. All the equation numbers indicated above are those pre-
sented in the lecture note. The lecture note is downloaded from
http://www2.yukawa.kyoto-u.ac.jp/~atsushi.taruya/lecture.html.


