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Field-Level Inference

Present

MicroCanonical sampling

Simulator Sampler
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Field-Level Inference

Big Bang

MicroCanonical sampling

Present

1283 complete
analysis in ~2h
on 4 GPUs
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github.com/hsimonfroy/benchmark-field-
level
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http://github.com/hsimonfroy/benchmark-field-level
https://iopscience.iop.org/article/10.1088/1475-7516/2025/12/039

CMB Lensing



CMB Lensing Why a joint analysis ?

+ Biased tracer 6, = b,5,, + O(5%)

- Sensitive to b, X o : degeneracy partially
broken with Redshift Space Distortion

sensitive to f X og

Galaxies
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CMB Lensing

Unbiased projection of total
matter, sensitive to og X -

Galaxies
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CMB Lensing

Together : better constraints on €2, og
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ensing The standard analysis

B Py(k) + EP%(s) M. Maus et al. 2025
—— Py(k) + EPON(s) + C}9 (spec-2)

[Py(k) + EPO°N(s)+ Cspec - -
+ [CgKg+ngg]Photo—z

028 0.32 67 69 71 0.8 09 0.7 0.8 0.9

Figure 5. Comparison of FS+BAO only, FS+BAO combined with cross-correlations with lensing
(Planck PR4 and ACT DRS6), and the whole combination of 3D clustering and angular spectra from
both spectroscopic and photometric BGS and LRG galaxies from DESI along with PR4 and DR6
lensing data sets.
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CMB Lensing Current data

Planck PR4 (Planck
Collaboration et al.

2020a)

ACT DR6 (M. S.
Madhavacheril et

al. 2024)
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SPT-3G (F. Ge
et al. 2025)



CMB Lensing

Born Approximation

kK(O) = [ dxW,.(x)0m(x, 0
3 Ho\~ _

W (x — 20 110 X Xs — X
2 C a Xs

Differentiable curved-sky implementation
Wassim Kabalan (JaxPM)
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https://github.com/DifferentiableUniverseInitiative/JaxPM
https://github.com/DifferentiableUniverseInitiative/JaxPM
https://github.com/DifferentiableUniverseInitiative/JaxPM
https://github.com/DifferentiableUniverseInitiative/JaxPM

CMB Lensing
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C M B Le n Si n g Model (:—c:::vard)
/_

l

o final Posterior upd.ate (MCLMC)

/N

RSD + bias Born approximation

l

Planck + ACT k-map DESI DR1 LRG

Likelihood
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CMB Lensing The finite box problem
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CMB Lensing The finite box problem

CMB Lensing Signhal Captured by Box (Depth 2000 Mpc/h)
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CMB Lensing The finite box problem
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CMB Lensing The finite box problem

XcMB W,g( ¥)

C?igh_Z(H) = J X P(k, y)dy

X end box

 High z : more linear regime

* Equivalent to a standard analysis outside of the simulation box



lat [deg]

CMB Lensing

K predicted (noiseless)
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Validation

K — closure (5 real.)

CMB Lensing
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CMB Lensing

Validation

Warmup Diagnostics: Initial Conditions Spectrum
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CMB Lensing

Results

3 — Galaxy only onh synthetic
Box - (2 Gpc/h) 0 415 0\oo> —— Joint (high-z Taylor, full sky)
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Field-Level Inference

Galaxy Clustering

CMB Lensing



Ongoing...

» Validating the pipeline on external simulations (ABACUS,
B. Hadzhiyska et al. 2023)

» Constraint fy; (Primordial Non Gaussianities)

 Work towards more realism and real data analysis



Thank you !



