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. WHAT IS SBI?

“Traditional” Bayesian Inference
« Using Bayes’ Theorem:

X
P( ) Likelihood

« Gaussian Likelihood
p (x| 0) =7y, C)

Mean (theory model)
Covariance

-

David Gebaue;; Master Science Day 2024

T T T T T
0.2 0.3 0.4 0.5 0.6
6

T
0.7

T
0.8

T
0.9

=> Estimate Covariance from simulations
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WHAT ISf SBI? ;‘\' N

Why not learn p(0|x) directly?
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THE SBIPIPELINE
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Cosmological
Parameters 6

N-Body
Simulations
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_ ;TH._E/COSM.@G RID VISIMULATIONS

« 2500 flat wCDM Cosmologies with 7
realizations at different initial
conditions each. V3%

08,5028 ",

° VarY|n9 Ho, 0g, Qm/ Qb/ ng, w l W o ,:.:.o'oti:".:O
Output: 69 particle shells up to z=3.5

« Additional effects included in post-
processing:
« Baryonification
* Photo-z bias
« Multiplicative bias
« Intrinsic Alignment (NLA)
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CREATING:'WEAK LENSING MAPS
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« Convergence are projected overdensities

2 c | 4 N3m \ c D2(z)

3 Hy || Ntz Vi {8y}~ Wp{Bpie A
b

« Can be converted to shear using Kaiser-Squires method

Convergence
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'MEASURING GORRELATI®N FUNCTIONS
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overdensity underdensity
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'MEASURING GORRELATI®N FUNCTIONS *

- &

 Correlate local 2PCF with shear
aperture mass

* M,, measures shear relative to patch
centre
= Can be calculated in O(n)

Halder+23
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'MEASURING GORRELATI®N FUNCTIONS °
Shear 2PCF:

Compares shear values at pairs within
some angular distance

yi = —y! cos(298") -y} sin(29)
Vi =—yi cos(297) +yh sin(ZSi)

Sum over pairs:

X, Wiy iy sk

2 Wi]

¢+ (0) =
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Problem: Solution:

. Measuring 2PCF scales as O(n?) « Same mask is used on all maps

: . = Same pairs & rotation angles
« Tree algorithms are not efficient on P g

many small patches
= Would take O(years) to measure on

all simulations 300x speed up using GPUs!

« Find pairs once, then reuse

github.com/D-Gebauer/CosmoFuse

install with: “pip install git+https://github.com/D-Gebauer/CosmoFuse/tree/main”

.
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VALIDATION WITH THEOR
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We start with a well-known
distribution (Gaussian)

Perform bijective

transformations
Inverse describes Probability at that point
Every layer represents one => Remapping onto Gaussian

such transformation

Base distribution is
transformed to target
distribution
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ol VA L IDATING SBI*

Two Types: Coverage & Convergence Tests:

Convergence:
« Are enough simulations used for training?
« Train only on subset, estimate performance

—+ Qn

Jg

Variance

SIS S s e g e, P T i .................................... o

163 16“
Number of simulations
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Coverage:
« Are the resulting posteriors accurate
« “Tests of Accuracy with Random Points” (TARP)

Simulation 1 (o7 ~ p(-|0})) Simulation 2 (23 ~ p(-[03)) Simulation 3 (x5 ~ p(-[03)) ... Simulation NV (xy ~ p(-|0%))

0 ~ p(]z")

L e

"

30% in ball 40.6% in ball 33.6% in ball 92.6% in ball

Correct case Overconfident case Underconfident case Biased case

— BRI
3| —— D

0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0
Credibility Level Credibility Level Credibility Level Credibility Level I_e mOS+2 3
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. SUMMARY &OUTBOOK "y

« We have developed a pipeline which can: « In the future:

Simulate mock DES observations including * Add further probes (Galaxy Clustering,
realistic noise & systematics ggAdBf lerrl]smg etc.) v
rapidly compute i3PCFs urther statistics (e.g. (M)

WIP: perform SBI analysis Apply to new surveys (like EUCLID)

= This will allow comparison with traditional = Easy to extend/adapt
likelihood based higher order statistics
analyses

github.com/D-Gebauer/CosmoFuse
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WEAKLENSING SYSTEMATICS'

Baryonification on map level
from Schneider+19
Calculate displacement of particles relative to hydro simulations
« 2 additional parameters describing mass of gas in halos as M, (z) :Mg(l + z)¥

Photometric redshift uncertainty | | |
n'(z) > n'(z — Al)
Shear calibration (bias from shear measurement pipeline)
€z,obs(a) — (1 + mz)(l + mj)gzz,true(a)ﬂ

CP%os(@) = @+ m) (1 +my) (L +mi) (@)

Intrinsic Alignment (NLA model)

() — d00) - Az () BEX) &2
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