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Angular distance

d2DA

ds2
= −(|σ|2 +

1

2
Rαβk
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Angular distance

d2DA

ds2
= −(|σ|2 +
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2
Rαβk
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matter fluctuations: δ
shear: σ
evolution: s(z)

. – p.6/45



Ricci focusing
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Ricci focusing
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Ricci focusing

d2DA
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ρ = ρ0(z) + δρ(z)
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Ricci focusing

d2DA

ds2
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Rαβk
αkβ = ρ(1 + z)2

ρ = ρ0 + δρ 〈δρ〉 = 0
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∆ at z=1.6
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∆ at z=1.6
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Angular distance

d2DA

ds2
= −(|σ|2 +

1

2
Rαβk

αkβ)DA.

matter fluctuations: δδδ
shear: σ
evolution: s(z)
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Angular distance

d2DA

ds2
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ds + 2θσ = Cαβµνǫ

∗αkβǫ∗µkν,

dz
ds = −(1 + z)2H(z)
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∆ at z=1.6
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∆ at z=1.6
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∆ at z=1.6
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Angular distance

d2DA

ds2
= −(|σ|2 +

1

2
Rαβk

αkβ)DA.

matter fluctuations: δ(z)δ(z)δ(z)

shear: σ(z)σ(z)σ(z)

evolution: s(z)
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Lemaître–Tolman model

ds2 = c2dt2 −
R,2r (r, t)

1 + 2E(r)
dr2 − R2(t, r)

(

dθ2 + sin2 θdφ2
)

,

FLRW limit

ds2 = c2dt2 −
a2(t)

1− kr2
dr2 − a2(t)r2

(

dθ2 + sin2 θdφ2
)
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LT Swiss Cheese model
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Log-normal PDF

P (δ) =
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∆ at z=1.6
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∆ at z=1.6
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Density along a random l.o.s.
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Millennium
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LT Swiss Cheese model
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Density along a random l.o.s.

-0.6

-0.4

-0.2

 0

 0.2

 0.4

 0.6

 0  0.05  0.1  0.15  0.2

δ/
δ b

z

. – p.33/45



∆ at z=1.6
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Extreme LT Swiss Cheese model
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∆ at z=1.6
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Extreme LT Swiss Cheese model

 0

 500

 1000

 1500

 2000

 2500

 0  0.5  1  1.5  2  2.5  3

ρ

r [Mpc]

-1800
-1600
-1400
-1200
-1000

-800
-600
-400
-200

 0
 200

 0  0.5  1  1.5  2  2.5  3

H
 [k

m
 s

-1
 M

pc
-1

]

r [Mpc]

. – p.37/45



Millennium: δρ, δH
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Millennium: δρ, δH
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∆ at z=1.6
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Angular distance
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Angular distance

d2DA
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matter fluctuations: δ
shear: σ
evolution: s(z)
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Angular distance
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