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AI-assisted 
emulator for 
cosmological 
simulations 

https://bccp.berkeley.edu


Modeling baryonic process 

Universe(s) 
Computational challenge of 
simulating 

Research Problem 

Gas and stellar particles 
(baryons) are physics we don’t 
know – unfeasibly expensive* 
(Magneto)hydrodynamic simulations 

An HPC solution to paint gas 
and stellar properties onto the 
dark matter field from N-body 
simulations. 
 

of the total matter content in 
the Universe is dark matter 
Gravity-only N-body simulations 

85%
~1M node-hours Dark matter density map from a N-body simulation at 

z=0.0 (TNG300-1-Dark from TNG website).

Gas density map for a hydrodynamical 
simulation with the same random seed 
(TNG300-1 from TNG website).

15%

We observe 
suppression in power 
spectra that comes 

from baryons.

this work!

~20M node-hours for a 
reasonable scale to study the 
large scale structure (100 Mpc)  

*For full simulations over gigaparsec volume with a reasonable resolution. 



CNN 
Multi-cascaded  
Map Reconstruction for 
Small-scale Physics  
 

Scale-attentive loss function

RefineNet (Lin et al. 2016) 
BigGAN (Brock, Donahue & Simonyan 2018)

Dark Matter only N-body sim Total Matter Hydro sim 

https://openaccess.thecvf.com/content_cvpr_2017/papers/Lin_RefineNet_Multi-Path_Refinement_CVPR_2017_paper.pdf
https://ui.adsabs.harvard.edu/abs/2018arXiv180911096B/abstract


CNN generative results  Progress to date Input @Step 0  Output @Step 10500 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Results 
1. Field-level map generation. 
2. Performance in fourier space – power spectrum, 

cross-correlation coefficient with the target 
hydrodynamical simulation – compared to GP 
(old model). 

3. System metrics – GPU utilization (training for 
2D), RAM usage during training. 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Target map 
 
 



Cool 3D Universe 
Explorer (TNG website)

Questions? Comments? 
Please reach out to 
lindazjin@berkeley.edu  
 
 
 
Thank you! 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