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Current challenges of numerical modeling

Gravity

BaryonsML
Feldmann+23

„cheap“ „costly“

„uncertain“

Stellar physics BH + AGN MHD
Vogelsberger+20 316.06.25

Cold Dark Matter

Hydrodynamics
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Simulation costs!

416.06.25

Feldmann+23

Volume-resolution trade-off

High resolution

High statistics

exploration
space

current SOTA
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Website: maurbe.github.io/ember2

Architecture:
§ StyleGAN-2 inspired NN
§ Emulates gas fields from dark matter maps
§ Across large redshift range (0-6)
§ Fully convolutional, thus scalable

Designed for:
(1) Domain translation
(2) Resolution / Volume upscaling
(3) Field-level emulation conditioned

on different astrophysical models
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This talk!

→ Caveat: No physics-constraints in the model; purely data-driven!
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EMBER dark matter → baryons

Key idea: Train to emulate baryon from dark matter maps
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HI CDDF
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EMBER dark matter → baryons

Key idea: Train to emulate baryon from dark matter maps

HM-HI relation (halo-based) Bernardini+25a

716.06.25

Cross-correlations

simulated
emulated
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EMBER dark matter → baryons

Gas Density Radial velocity Temperature HI
simulated emulated

Bernardini+25a

816.06.25
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𝑦 ∼ 𝑝(𝑥, 𝜂, 𝑧)

EMBER dark matter → baryons
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EMBER: HI → dark matter 

→ Can be integrated into downstream analysis pipelines of HI observations

Bernardini+25b

Key idea: Train to predict dark matter from HI maps

1016.06.25
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Key idea: Train to predict dark matter from HI maps
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Training

FIREbox

emulated HIEMBER upscaling simulation outputs

Training:
§ Training on small high-resolution volumes

and high-resolution zoom-in simulations
§ Degrading the input dark matter resolution
§ Training on paired maps of

low-res DM → high-res baryon
§ Upscalable due to fully convolutional nature

Application:
§ „Emulate“ high resolution baryon fields onto

much larger volumes (here 300x)

1216.06.25

Bernardini+22

10 cMpc ℎ!"
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Feldmann+23

Volume-resolution trade-off

High resolution

High statistics

Simulation costs!

EMBER

ML

16’5003

3000x faster

1316.06.25

(Training)

300x bigger

current SOTA
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Website: maurbe.github.io/ember2

Architecture:
§ StyleGAN-2 inspired NN
§ Emulates gas fields from dark matter maps
§ Across large redshift range (0-6)
§ Fully convolutional, thus scalable

Designed for:
(1) Domain translation✅
(2) Resolution / Volume upscaling✅
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Thank you!

Based on:
Bernardini+22 (2110.11970
Bernardini+25a (2502.15875)
Bernardini+25b (to appear)


