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Gravitational lens

Coforming Newtonian Gauge:

ds2 = a2(t)[(1 + 2ΨN)dt2 − (1 + 2ΦN)dx⃗2]

Deflection angle:

α = − 2
c2

∫ z∗

0

cdz
H (z)

χ∗ − χ

χ∗χ
∇θΨ(θ, z)

Jacobian matrix:

Aij =
∂β

∂θ
= δij +

∂αj
∂θi

=

[
1 − κ− γ1 −γ2

−γ2 1 − κ+ γ1

]
convergence:κ; shear:γ = γ1 + iγ2
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Weak lensing effect on galaxies

Qij =

∫
d2θI (θ)(θi − θ̄i)(θj − θ̄j)∫

d2θI (θ)

Q̃ij =

∫
d2βIs(β)(βi − β̄i)(βj − β̄j)∫

d2βIs(β)

Q = A−1Q̃A−1

⇒ ε = εs + γ +O

[(
γ

1 − κ

)2
]
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Weak lensing effect
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Ellpiticity noise εs

ε = εs + γ

Distribution of instrinsic ellpiticity (Bartelmann & Narayan, 1995):

p(εs) =
exp(−|εs|2/σ2

ε)

πσ2
ε [1 − exp(−1/σ2

ε)]

σε ≈ 0.2(e.g. Miralda-Escudé 1991b; Tyson & Seitzer 1988)

⟨ε⟩ ≈ γ, ⟨εε⟩(ϑ) = ⟨γγ⟩(ϑ), ⟨εε∗⟩(ϑ) = ⟨γγ∗⟩(ϑ)

In harmonic space:

⟨γ(ℓ′)γ∗(ℓ)⟩ = (2π)2δD(ℓ
′ − ℓ)(C γγ

ℓ + Nℓ)

Where:

Nℓ =
4πfsky

Ng
σ2
ε
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Cℓ (Harmonic Space)
E/B mode of cosmic shear:

γE(ℓ) = κ(ℓ); γB(ℓ) = 0

Cℓ’s:

C Ei ,Ej
ℓ =

∫ z∗

0

cdz
H (z)

qi(z)qj(z)
χ2 Pδ(k =

ℓ+ 1/2
χ

, z)

Lensing efficiency:

qi(z) =
3Ωm0

2
H 2

0
c2 (1 + z)χ(z)

∫ z∗

z
ni(z ′)

χ(z ′)− χ(z)
χ(z ′)

dz ′

Cosmic variance:

(δC Ei ,Ej
ℓ )2 =

2
(2ℓ+ 1)fsky

[(C Ei ,Ej
ℓ )2 + (C Ei ,Ei

ℓ + N i
ℓ )(C

Ej ,Ej
ℓ + N j

ℓ )]
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Cℓ (Harmonic Space)
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Cℓ
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ξ±(ϑ) (Configuration Space)
ξij
±(ϑ) =

∫ ∞

0

ℓdℓ
2π

J0,4(ℓϑ)C
Ei ,Ej
ℓ
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ξ±(ϑ)
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Systematic error

1 Galaxy-galaxy lensing effect:
qg,i(z) = bg(k, z)ni(z)

2 Intrinsic Alignment (e.g. Hand et al., 2013):

qIA,i(z) = −A0

(
L
L0

)β ( 1 + z
1 + z0

)η C1ρm,0
D(z)

ni(z)

3 Photo-z error

p(zP |z) = 1√
2πσz(1 + z)

exp[−(z − zP −∆i
z)

2

2(σz(1 + z))2 ]
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Dark Energy?
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Cosmological constrain
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