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Galaxy Clustering

Field-Level Inference

D. Schlegel/Berkeley Lab using data from DESI
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Field-Level Inference

Claire Lamman/DESI collaboration
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Galaxy Clustering
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Same power spectrum !

Gaussian Log-normal N-body
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Field-Level Inference

Simulator

+

Sampler
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Field-Level Inference

github.com/hsimonfroy/benchmark-field-
level

Hugo Simon et al. 2025

 complete 
analysis in ~2h 
on 4 GPUs

1283
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http://github.com/hsimonfroy/benchmark-field-level
https://iopscience.iop.org/article/10.1088/1475-7516/2025/12/039
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CMB Lensing
• Biased tracer 


• Sensitive to  : degeneracy partially 
broken with Redshift Space Distortion 
sensitive to 

δg = b1δm + 𝒪(δ2
m)

b1 × σ8

f × σ8

Why a joint analysis ?

Galaxies
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CMB Lensing

+

Unbiased projection of total 
matter, sensitive to σ8 × Ω0.25

m
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Galaxies



CMB Lensing

Together : better constraints on Ωm, σ8
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CMB Lensing The standard analysis
M. Maus et al. 2025
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CMB Lensing

SPT-3G (F. Ge 
et al. 2025)

Current data
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CMB Lensing
Born Approximation 

<latexit sha1_base64="VtGnhW9nRhe4xSIsyJ/Xt+YSEmU="></latexit>

ω(ε) =

∫
dϑWω(ϑ)ϖm(ϑ, ε)

<latexit sha1_base64="wIQGb3MatZcsfbTZ/L1vWebGGwM="></latexit>
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Differentiable curved-sky implementation : https://github.com/
DifferentiableUniverseInitiative/JaxPM by Wassim Kabalan (JaxPM)

https://github.com/DifferentiableUniverseInitiative/JaxPM
https://github.com/DifferentiableUniverseInitiative/JaxPM
https://github.com/DifferentiableUniverseInitiative/JaxPM
https://github.com/DifferentiableUniverseInitiative/JaxPM
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CMB Lensing
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CMB Lensing The finite box problem

22



CMB Lensing The finite box problem
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CMB Lensing
<latexit sha1_base64="TrSGFi9mKXxX6GDlx6vCwsGhEnw="></latexit>

ln(L) = ln(Lg) + ln(Lω)

<latexit sha1_base64="W0aCnLK7RkXyclrayxWOKOq4zxk="></latexit>

ln(Lω) = →1

2

∑

ε

[
|!ωε|2

Cε
+ ln(Cε)

]
<latexit sha1_base64="Qs72PYRB0W9NSWyi4f60LRfG9T0="></latexit>

Cω = Nω + Chigh→z
ω
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The finite box problem



CMB Lensing
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Chigh−z
ℓ (θ) = ∫

χCMB

χend_box

W2
κ (χ)
χ2

× P(k, χ)dχ

• High z : more linear regime


• Equivalent to a standard analysis outside of the simulation box

The finite box problem



CMB Lensing
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Full-sky setup



CMB Lensing
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Inside the 
simulation box + Chigh−z

ℓ

+ Nℓ

Validation



CMB Lensing
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Validation



CMB Lensing
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on synthetic 
data (closure 
test)

Results

Box :  

Cell size : 

(2 Gpc/h)3

15 Mpc/h
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• Validating the pipeline on external simulations (ABACUS, 
B. Hadzhiyska et al. 2023) 

• Constraint  (Primordial Non Gaussianities)


• Work towards more realism and real data analysis

fNL

Ongoing…
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Thank you !
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