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Motivation

• Non-Gaussian statistics is a 
powerful probe of LSS (Ajani et 
al. 2020, Kratochvil et al. 2012,...) 

• Theoretical modeling is very 
challenging, extracting from 
simulations much less so 
➡ but one needs a solid simulation base 
➡ CosmoGrid simulation suite (Kacprzak 

et al. 2022a) 

Ajani et al. 2020, stage IV-like, weak lensing DES; Gatti et al. 2024, DES Y3, weak lensing

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.103531
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.103531
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.103513
https://arxiv.org/abs/2209.04662
https://arxiv.org/abs/2209.04662
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.103531
https://arxiv.org/pdf/2405.10881
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Motivation

➡ Non-Gaussian information can 
also be extracted using Deep 
Learning, aiming for minimal 
information loss 

➡ Combine different probes to get 
more information

Fluri et al. 2019, KiDS-1000, weak lensing Jeffrey et al. 2024, DES Y3, weak lensing

https://arxiv.org/pdf/1906.03156
https://arxiv.org/pdf/2403.02314
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Motivation

➡ Non-Gaussian information can 
also be extracted using Deep 
Learning, aiming for minimal 
information loss 

➡ Combine different probes to get 
more information

Kacprzak et al. 2022b, stage III-like, weak lensing+galaxy clustering 

Fluri et al. 2019, KiDS-1000, weak lensing Jeffrey et al. 2024, DES Y3, weak lensing

https://arxiv.org/pdf/2203.09616
https://arxiv.org/pdf/1906.03156
https://arxiv.org/pdf/2403.02314
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Motivation

➡ Non-Gaussian information can 
also be extracted using Deep 
Learning, aiming for minimal 
information loss 

➡ Combine different probes to get 
more information

Kacprzak et al. 2022b, stage III-like, weak lensing+galaxy clustering 

Fluri et al. 2019, KiDS-1000, weak lensing Jeffrey et al. 2024, DES Y3, weak lensing

weak lensing + galaxy clustering SBI 
with peak statistics and deep learning 

summaries  
(DES projects)

https://arxiv.org/pdf/2203.09616
https://arxiv.org/pdf/1906.03156
https://arxiv.org/pdf/2403.02314
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CosmoGrid

Kacprzak et al. 2022a

https://arxiv.org/abs/2209.04662
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CosmoGrid

Kacprzak et al. 2022a

Forward model

Thomsen, JB et al. (in prep)

https://arxiv.org/abs/2209.04662
http://none
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CosmoGrid

Kacprzak et al. 2022a

Synthetic DES Y3 data

Weak lensing 

Galaxy clustering

1’000’000 independent 
survey maps

Forward model

Thomsen, JB et al. (in prep)

https://arxiv.org/abs/2209.04662
http://none
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Pipeline

CosmoGrid Simulated maps

Ngal

κ

Forward model

Cosmology

Synthetic DES Y3 data Inference & constraints
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Pipeline

CosmoGrid Simulated maps

Ngal

κ

Forward model

Cosmology

Synthetic DES Y3 data Inference & constraints

Peak counts

Deep learning 
summaries

Likelihood

Compression & likelihood

Likelihood

No likelihood assumption 
(normalizing flow)
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Towards real data

Validation: 
1. Internal data (consistency):  

cosmology from CosmoGrid 
  no model mismatch 

2. Mock DESY3-like data: 
cosmology from external 
simulations 
a. Buzzard (multiple realizations, De Rose et 

al. 2019)  

b. Cardinal (To et al. 2023) 

c. MICE (Fosalba et al. 2013) 

3. tests of other systematics 
(source clustering, resolution,…)

→

DES Collaboration: MacCrann et al. 2018

Smoother maps = less small-scale information

Bucko et al. (in prep)

https://arxiv.org/abs/1901.02401
https://arxiv.org/abs/1901.02401
https://arxiv.org/abs/2303.12104
https://arxiv.org/abs/1312.1707
https://arxiv.org/pdf/1803.09795
http://none
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Towards real data

single-probe vs. probe combination 2-pt vs. deep learning (probe combination)
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Conclusion

• Simulation-based inference of Cosmology 
‣ CosmoGridV1 N-body suite 
‣ Forward modeling of  

DES Y3 mocks 
‣ No likelihood assumption 

• From multi-probe maps 
‣ Weak lensing 
‣ Galaxy clustering 

• Non-Gaussian information 
‣ Peaks 
‣ Learned summary statistics 

• Using deep learning 
‣ Learned summary statistics 
‣ Likelihood as normalizing flow


