
Florent Leclercq
www.florent-leclercq.eu

Cosmology Beyond the Analytic Lamppost course (2025)

Field-level inference 
lecture 4: State-of-the-
art

17 JUNE 2025

http://florent-leclercq.eu/


04 STATE-OF-THE-ART
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The growth of data
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The growth of models
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Comparative growth of data and models
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What is forward modelling?
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What is field-level inference?
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Explicit and implicit likelihood inference
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Summary statistics vs field-level inference in cosmology

https://arxiv.org/abs/2103.04158


Summary statistics vs field-level inference in cosmology
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FIELD-LEVEL INFERENCE FOR 
THE COSMIC MICROWAVE 
BACKGROUND



•

•

⇒

▪

▪

Cosmic Microwave Background
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FIELD-LEVEL INFERENCE FOR 
GALAXY CLUSTERING



Bayesian forward modelling cosmic structure surveys
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Bayes at work in cosmology:
The BORG algorithm (Bayesian Origin Reconstruction from Galaxies)
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Applications to real data
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The Manticore project
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Gravity models
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Galaxy bias model

https://arxiv.org/abs/1409.6308
https://arxiv.org/abs/1309.6641
https://arxiv.org/abs/1806.11117
https://arxiv.org/abs/2304.09193
https://arxiv.org/abs/1909.06396
https://arxiv.org/abs/2412.11945
https://arxiv.org/abs/2505.10682
https://arxiv.org/abs/2407.01391


•

▪

▪

•

•

•

•

•

Field-level likelihood function

https://arxiv.org/abs/1408.2566
https://arxiv.org/abs/1408.2566
https://arxiv.org/abs/1408.2566
https://arxiv.org/abs/2505.10682
https://arxiv.org/abs/2505.10682
https://arxiv.org/abs/2505.10682
https://arxiv.org/abs/2303.09876
https://arxiv.org/abs/2407.01524
https://arxiv.org/abs/2407.01524


•

Foregrounds and systematics
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Machine-aided report of unknown data contaminations
Application to SDSS-III/BOSS (LOWZ+CMASS)
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Inferring cosmology: Alcock-Paczyński expansion test

https://arxiv.org/abs/1808.07496
https://arxiv.org/abs/1808.07496
https://arxiv.org/abs/1808.07496


•

Inferring cosmology: primordial non-Gaussianity
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Small scales: constrained simulations and zoom-in reconstructions
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FIELD-LEVEL INFERENCE FOR 
OTHER/JOINT COSMOLOGICAL 
PROBES



Photometric galaxy clustering
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Weak lensing: map and power spectrum inference on the sphere
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Weak lensing: three-dimensional map and cosmological parameter inference
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Lyman-alpha forest
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Velocity field inference from peculiar velocity tracers
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Velocity field inference with Bayesian hierarchical models
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MACHINE LEARNING FOR 
FIELD-LEVEL INFERENCE



Emulators: accelerated forward models at non-linear scales
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Approximate posterior sampling using diffusion models
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LULO: initial condition search process with a neural optimiser
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Thanks for listening!

https:///

	Slide 1: Field-level inference lecture 4: State-of-the-art
	Slide 2
	Slide 3
	Slide 4: The growth of data
	Slide 5
	Slide 6: The growth of models
	Slide 7: Comparative growth of data and models
	Slide 8
	Slide 9: What is forward modelling?
	Slide 10: What is field-level inference?
	Slide 11: Explicit and implicit likelihood inference
	Slide 12: Summary statistics vs field-level inference in cosmology
	Slide 13: Summary statistics vs field-level inference in cosmology
	Slide 14
	Slide 15: Cosmic Microwave Background
	Slide 16
	Slide 17: Bayesian forward modelling cosmic structure surveys
	Slide 18: Bayes at work in cosmology: The BORG algorithm (Bayesian Origin Reconstruction from Galaxies)
	Slide 19: Applications to real data
	Slide 20: The Manticore project
	Slide 21: Gravity models
	Slide 22: Galaxy bias model
	Slide 23: Field-level likelihood function
	Slide 24: Foregrounds and systematics
	Slide 25: Machine-aided report of unknown data contaminations Application to SDSS-III/BOSS (LOWZ+CMASS)
	Slide 26: Inferring cosmology: Alcock-Paczyński expansion test
	Slide 27: Inferring cosmology: primordial non-Gaussianity
	Slide 28: Small scales: constrained simulations and zoom-in reconstructions
	Slide 29
	Slide 30: Photometric galaxy clustering
	Slide 31: Weak lensing: map and power spectrum inference on the sphere
	Slide 32: Weak lensing: three-dimensional map and cosmological parameter inference
	Slide 33: Lyman-alpha forest 
	Slide 34: Velocity field inference from peculiar velocity tracers
	Slide 35: Velocity field inference with Bayesian hierarchical models
	Slide 36
	Slide 37: Emulators: accelerated forward models at non-linear scales
	Slide 38: Approximate posterior sampling using diffusion models
	Slide 39: LULO: initial condition search process with a neural optimiser
	Slide 40: Thanks for listening!

