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Gravitational Lensing
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Gravitational Lensing

Image Credits:
hubblesite.org

Tunc Turker 14 January 26’



http://hubblesite.org

Gravitational Lensing

Strong lensing Unlensed sources Weak lensing
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background galaxies
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Gravitational Lensing

y as moving with velocity:

vacl

The force is

Fx—-—VO

Decompose:

VO = (V, D) + (9,D)¢
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Gravitational Lensing

y as moving with velocity:

vacl

The force is

Fx—-—VO

changes speed

changes direction\?‘ecompcse: —
VO = (V,®)+ (0,D)
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Gravitational Lensing

y as moving with velocity:

vacl

The force is

Fx—-—VO

: : : changes speed
Decompose: _—"=1ANSES =P

bending (@) ~ lensing VO = (VD) + (0,P)¢
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Gravitational Lensing

Source
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Gravitational Lensing
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Gravitational Lensing
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Lens equation:

p=0-—a0)

p=0—Vp0)
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Gravitational Lensing
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SOURCE PLANE
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Image Credits:
Normann et al. (2025)

Lens equation:
p=0-al)
p=0-—Vup0)

Jacobian

(magnification matrix):

A = 0f/00

do = A~ldp
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Gravitational Lensing
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Gravitational Lensing
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Parameters

Q — (02-0.4)
h — (0.6 —0.8)
w— (—1.5—-—-0.7)

o — (0.7 -0.9)
z— (0.3 —6)

Statistics

PDF
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STD PDF z:5.8821 in C033 w/ RF
STD PDF z:5.8821 in C033 w/ XGB

--- Original PDF z:5.8821 in C033
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Emulator

Traditional Methods Emulator-Based Method

Fast parameter

Use Case Detail modeling e e

Computational Cost High Low

Speed Slow Fast

Depends on simulation

Flexibility or model

High

Accuracy High Good approximation
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Weak Gravitaional Lensing

k= +0.2 v = +0.2: ¢ =0 o = +0.2: b = +45

O

=
Nl

//t=
(1 -x)2—|y|°

Convergence
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Image Credits:
galaxiesbook.org of Jo Bovy

14 Januar y 26’



http://galaxiesbook.org

Parameter Space
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Simulations

Simulation parameters
Box size L 250Mpch~}
Number of particles N 4 x 640°
Particle-Mesh grid 2048°
Initial redshift 49
Softening length 6kpch!
Particle mass 41Qm, x10° Mg h™
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Past Light Cones
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Magnification Maps

G(z;)
G(zsnap)

K(X) = 4Z2G Z W(z;, ) [Zi(X) — <Zi>] (14 z)°
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Resolution
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Convergence Check

kcut [{16%4 pc]

103 101!
B Smoothing
o zs=1.07 & shot-noise
c z:,=207  ____ Smoothing
e zs=3.03 . Lensing Prediction
zs = 5.20

—-—- Softening scale

Z: = 8.21 Faria

rgria [kpc/h]
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Convergence Check

Tung Turker

| 20833 x 20833

Keut [1héI¥Ipc] 102
B : Smoothing
e Zzs=1.07 & shot-noise
¢ Z,=207 ____ Smoothing
e z;=3.03 . Lensing Prediction
Zs = 5.2U

—— Softening scale

Z. = 8.2.
S Fgrid
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Standardized PDFs
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Standardized PDFs

00 25 50 75 100 125 15.0
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Standardized PDFs
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Standardized PDFs

-2 </’lstd< 8
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Standardized PDFs
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Standardized PDFs
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Principal Component Analysis
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Image Credits:
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Principal Component Analysis
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Principal Component Analysis

0.0030 - ¢ Median = quantile
0.0003
0.0025 -
| | 0.0002 -
Kullback-Leibler (KL) divergence : $ 0.0020
P(x) S 0.0001 - :
DLP 1 Q) = ¥ Plolog g 00013 V1T
Q(x) © 0.0000 1 - - :
< 0.0010 - 3 10 12 14
0.0005 - l
0.0000- I I 3 % 5 35 3
4 6 3 10 12 14
Number of PCA components
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XGBoost

Predicted Values
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Actual Values

Tunc Turker 14 January 26’




XGBoost
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Results
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O .
Std. of KL Div.: 0.031

uency

Fre

7.5
5.01
2.5

0.0 - - - - -
25 -20 -15 -1.0 -0.5

log10(KL)

Tunc Turker 14 January 26’




Results

Tuncg Turker

GFrg\lquency
U

o

10.0;

7.5

5.04

2.5

0.0-

o

—2.6

—2.4

—2.2

—-2.0

—2.5 —-2.0 —1.5

18

log10(KL)

—2.75-2.50-2.25-2.00-1.75

14 January 26’




