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WL Voids
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Differential surface mass density:

ΔΣ(R, zL) = Σcrit(κ̄( < R) − κ(R))

κ(R) = ∫ dχΣ−1
critρ̄δ(χ, R) ≃ Σ−1

critΣ(R)

= Σcrit × γt(R)

ϕ ϕ

γt > 0γt < 0

V g

R

⇒ ΔΣ(R) = Σ̄( < R) − Σ(R)
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Performance on VL
0.1 < zl < 0.3

10 < Rv < 15[h−1Mpc]
0.3 < zl < 0.5
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Projected field 3D field

r⊥ r = r2
∥ + r2

⊥

The Void-Lensing Model

Σ(r⊥ |R2D) = ∫ d ln R3D
dnv

d ln R3D ∫ dx⊥(1 + ξ(x⊥))∫ dr∥ δ3D(r⊥, r∥ |α, R3D)

= ∫ dr∥δeff(r⊥, r∥ |α, R3D)

⇒ ΔΣ(r⊥) = Σ̄( < r⊥) − Σ(r⊥)



The Void-Lensing Model
Σ(r⊥ |R2D, Δ2D) = ∫ dR3D

dnv

dR3D
(R3D |Δ3D)∫ dx⊥dx∥dαP(x⊥, x∥, α |R3D, R2D, Δ3D, Δ2D)∫ dr∥ δ3D(r⊥ − x⊥, r∥ − x∥ |α, R3D, Δ3D)

dnv

d ln R
=

f(σ)
V(R)

d ln σ−1

d ln R
, where σ2(R) ≡ ∫

dk
2π2

k2PL
mm(k) |W̃(k ∣ R) |2

≃
Σ(r⊥ |M2D) = ∫ d ln R3D

dnv

d ln R3D ∫ dx⊥(1 + ξ(x⊥))∫ dr∥ δ3D(r⊥, r∥ |α, R3D)
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The Void-Lensing Model

Σ(r⊥ |R2D) = ∫ d ln R3D
dnv

d ln R3D ∫ dx⊥(1 + ξ(x⊥))∫ dr∥ δ3D(r⊥, r∥ |α, R3D)

Σ(r⊥ |R2D, Δ2D) = ∫ dR3D
dnv

dR3D
(R3D |Δ3D)∫ dx⊥dx∥dαP(x⊥, x∥, α |R3D, R2D, Δ3D, Δ2D)∫ dr∥ ρ3D(r⊥ − x⊥, r∥ − x∥ |α, R3D, Δ3D)

≃
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The Void-Lensing Model

0.0 2.5 5.0 7.5 10.012.515.017.520.0
æ[h°1Mpc]

0.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

º
[h

°
1 M

p
c]

Voids in general
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Σ(r⊥ |R2D, Δ2D) = ∫ dR3D
dnv

dR3D
(R3D |Δ3D)∫ dx⊥dx∥dαP(x⊥, x∥, α |R3D, R2D, Δ3D, Δ2D)∫ dr∥ δ3D(r⊥ − x⊥, r∥ − x∥ |α, R3D, Δ3D)

≃
Σ(r⊥ |M2D) = ∫ d ln R3D

dnv

d ln R3D ∫ dx⊥(1 + ξ(x⊥))∫ dr∥ δ3D(r⊥, r∥ |α, R3D)



Preliminary Result
Σ(r⊥ |R2D, Δ2D) = ∫ dR3D

dnv

dR3D
(R3D |Δ3D)∫ dx⊥dx∥dαP(x⊥, x∥, α |R3D, R2D, Δ3D, Δ2D)∫ dr∥ δ3D(r⊥ − x⊥, r∥ − x∥ |α, R3D, Δ3D)

≃
Σ(r⊥ |R2D) = ∫ d ln R3D

dnv

d ln R3D ∫ dx⊥(1 + ξ(x⊥))∫ dr∥ δ3D(r⊥, r∥ |α, R3D)



Conclusions and Prospects
•Void-Lensing can be measured with a significant S/N

• Is the Void intrinsic alignment sensitive to cosmology, 
modifications to gravity or neutrinos?

• What is exactly the cosmological information in Void-
Lensing?

• Interesting phenomenology



Optimum Centering Void Finder
Candidates Final Catalogue



WL
Geodesic equation + scalar 

perturbations

θi = θi
s + Δθi

Δθi(θ) =
2
c2 ∫

χ

0
dχ′ Φ,i (x (θ, χ′ )) χ′ (1 −

χ′ 

χ )
ψij ≡

∂Δθi

∂θj
=

∂2

∂θi∂θj
ϕL(θ) =

2
c2 ∫

χ

0
dχ′ Φ,ij (x (θ, χ′ )) χ′ (1 −

χ′ 

χ )
Aij ≡

∂θi
S

∂θj
= (1 − κ − γ1 −γ2

−γ2 1 − κ + γ1)
Aij = δij + ψij

κ = ψ11 + ψ22 =
2
c2 ∫

χ

0
dχ′ ∇2Φ (x (θ, χ′ )) χ′ (1 −

χ′ 

χ )
γ1 = −

ψ11 − ψ22

2
γ2 = − ψ12

⇒

Dodelson and Schmidt (2021)



Intuition



Motivation

∇2Φ = 4πG (ρM + ρeff)

• The new field act as an extra source of stress-energy (fifth 
force)

• The Bardeen potentials are not equal in general:

ds2 = − (1 + 2Φ)dt2 + a2(t)(1 − 2Ψ)dx2

Φlen = (Φ + Ψ)/2 ≠ Ψ


