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How To Extract Information From Large Scale Structure?



Why Voids?
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Why Weak Lensing?

LNL



Optimum Centering Void Finder
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WL Voids

χ(zL)

χ(zS)

χ(zL, zS)
χs

χL χL,S

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)



0.
2

0.
5

0.
9

1.
2

1.
6

1.
9

2.
3

2.
6

3.
0

3.
3

3.
7

4.
0

4.
4

4.
7

5.
1

5.
4

5.
8

6.
1

6.
5

6.
8

rp/Rv

0.2
0.5
0.9
1.2
1.6
1.9
2.3
2.6
3.0
3.3
3.7
4.0
4.4
4.7
5.1
5.4
5.8
6.1
6.5
6.8

r p
/R

v

°0.6

°0.4

°0.2

0.0

0.2

0.4

0.6

0.8

1.0

2D

3D

0 1 2 3 4 5 6 7

rp/Rv

°2.5

°2.0

°1.5

°1.0

°0.5

0.0

0.5

¢
ß

(r
p
/R

v
)[
M

Ø
h
/p

c2
]

2D voids
3D voids

3D voids

2D voids

How To Optimize VL Measurement?
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The Role of Bin Size
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Projected field 3D field

r⊥ r = r2
∥ + r2

⊥

The Void-Lensing Model

δ2D(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)



The Void-Lensing Model

= ∫ dr∥δeff(r⊥, r∥ |α, R3D)

⇒ ΔΣ(r⊥) = δ̄2D( < r⊥) − δ2D(r⊥)

δ2D(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)

≃
δ2D(r⊥ |M2D) = ∫ d ln R3D

dnv

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



The Void-Lensing Model
δ2D(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

≃
δ2D(r⊥ |M2D) = ∫ d ln R3D

dnv

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



The Void-Lensing Model

δ2D(r⊥ |M2D) = ∫ d ln R3D
dnv

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

δ2D(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
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δ2D(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)

≃
δ2D(r⊥ |M2D) = ∫ d ln R3D

dnv

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



Preliminary Result
δ2D(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)

≃
δ2D(r⊥ |M2D) = ∫ d ln R3D

dnv

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



Conclusions and Prospects
• Our method is capable of measuring  with high S/NΔΣ
• Apply this method to real DESI data
• Promising results in relating 3D and 2D underdensities 

• Open questions: (i) How much we can reconstruct from the 
DM field using 2D underdensities? (ii) Is the Void intrinsic 
alignment sensitive to cosmology, modifications to gravity or 
neutrinos?

• Future: Apply the pipe line to the real data and perform 
cosmological analysis for the first time



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)


