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EMBER-2: towards implicit emulators for FIRE-based
galaxy-formation simulations

HIin FIREbox galaxies

Mauro Bernardini
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Current challenges of numerical modeling

Gravity Hydrodynamics
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Simulation costs!

Volume-resolution trade-off

103 O 5123 1024°2048° 3 exploration
High resolution % space
O{p
4 o /
1041 0
. Zooms
o I e
FIREbox
= 10°1 X o
(-
R % FIREbox % @
":-‘, O Hlustris (V14)
S 0 HlustrisTNG (P18, N19)
N 106 1 ¢ MassiveBlack-Il (K15)
(O] O EAGLE (515) g]
= <> MUFASA (D16) o O
& SIMBA (D19) <$
© g7 Horizon-AGN (D14)
S ® Romulus25 (T17) Large Volumes
7
10’ § % NewHorizon (D21) O
VELA (C14, C22) O
Al5 A Mochima (N21)
Argo (F15) Vintergatan (A21)
' NIHAO (W15) DC Justice League (B19, Ap21)
8 1 O Apostle (516) ® FIRE-1 (H14) . ..
10792 Ariga (G17)  ® Latte (W16) High statistics
0 G21 ® MassiveFIRE (F16, A17)

16.06.25

1

10 100

Effective box size [ cMpc ]  Feldmann+23



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

> 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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EMBER dark matter » baryons

Key idea: Train to emulate baryon from dark matter maps

f : (Edma 'Udm) — (EgaSa Vgas) TgaS7 23HI)
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EMBER dark matter » baryons

Gas Density Radial velocity Temperature HI

simulated* emulated ¢
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EMBER dark matter » baryons
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EMBER: HI > dark matter sSKkacH

Key idea: Train to predict dark matter from HI maps

[ (Banvm) — (Bdm, Vdm)

Bernardini+25b
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- Can be integrated into downstream analysis pipelines of HI observations
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EMBER Hi > dark matter
Key idea: Train to predict dark matter from Hl maps

[ (Banvm) — (Bdm, Vdm)
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EMBER 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)
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Simulation costs!

Volume-resolution trade-off
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Architecture:

= StyleGAN-2 inspired NN

=  Emulates gas fields from dark matter maps
= Across large redshift range (0-6)

= Fully convolutional, thus scalable

; . Based on:
DeSlgned. for: . Bernardini+22 (2110.11970
(1) Domain translation &4 Bernardini+25a (2502.15875)
(2) Resolution / Volume upscaling Bernardini+25b (to appear)

Thank you!
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