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Outlook

e 2D galaxy modelling
e 3D modelling using point clouds
= First experiments

e 6D phase-space modelling?
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Recap:
Generative Models
For Map-To-Map Translation



Dataset from IllustrisTNG

projected IllustrisTNG galaxies
6 domains:

» dark-matter, stars, gas,
HI, temperature, magnetic field

~ 2'000 galaxies, (across 6 snapshots)
~ 360'000 images

each galaxy > 10'000 particles
augmented: up to 5x randomly rotated

scale: 2 dark-matter half-mass radii
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Dataset from IllustrisTNG

projected IllustrisTNG galaxies
6 domains:

» dark-matter, stars, gas,
HI, temperature, magnetic field

~ 2'000 galaxies, (across 6 snapshots)
~ 360'000 images

each galaxy > 10'000 particles
augmented: up to 5x randomly rotated

scale: 2 dark-matter half-mass radii

r

total gas mass

dark matter mass

stellar mass

5 DL
v
. - & a0
. >
L 375
- b
5o o)
=™
l »
<
r N
» 9
I,
-




Generative model architectures

Benchmark of generative models we're investigating and comparing:
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. : lackluster results (see )
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Generative model architectures

Benchmark of generative models we're investigating and comparing:

. : lackluster results (see )
o : promising results but really slow

C models: more efficient at inference?
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Generative model architectures

Benchmark of generative models we're investigating and comparing:

. : lackluster results (see )
o : promising results but really slow
. models: more efficient at inference?

o : the latest and greatest?
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cGAN(Gas) > DM: data, prediction, and ground truth (from top to bottom)




Data
z(0)

Score-based diffusion (SDM)

Forward SDE Prior Reverse SDE Data

dz = f(z,t)dt + g(t)dw >@7 dz = [f(z,t) — g°(t) V. log p; (z)] dt + g(t)dw

Score-based diffusion: Song et al. (2021)

10


https://arxiv.org/abs/2011.13456
https://arxiv.org/abs/2011.13456

Noise schedule

t=1.00 t=0.86 t=071 t=057  t=043  t=029  t=014 t=0.00




Inversion by Direct Iteration (InDl)

t=1.00

t=086  t=071 t=057  t=043 t=029 t=0.14 ~ £=0.00

X=(1-t)x+ty

InDlI's iteration scheme following Delbracio & Milanfar (2023)
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Diffusion Mamba (DiM)

Mamba Block b’:f‘l’:tfei — + DWConv3x3 Uniataiiy -
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Mamba Block

Scan Switch

Time Class Pad

Token Tok Tok
Mamba Block oken Token

2D patches Padded 2D patches
Scan Switch W
Tokenization

Pad & 2D Patches ; Noisy
Mamba Timestep + Class

DiM architecture
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From 2D To 3D Models
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e observations inherently have 2D spatial resolution

e astrophysical structures are inherently 3D
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From 2D To 3D Models

e observations inherently have 2D spatial resolution
e astrophysical structures are inherently 3D
e modelling difficulties:
= inherent 3D features, different 2D perspectives
m degeneracies

= computational costs, ...

14.3



Inherent 3D shapes

.

NGC 4565

APOD 2024 June 6

M83

APOD 2019 June 29
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original image

Degeneracies

All valid model solutions: Denzel et al. (2021)

reconstruction
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Point-cloud models for 3D modelling

Data type: point cloud

X y z [Mass] [E]
4 8 1 - -

5 1 6 -

2 3 4 2 -

3 4 3 5 -

5 9 1 3 -

9 6 9 4 -




For Cosmological Inference

Group and aggregate Group and aggregate Pool and aggregate
features features features

cosmological
—» parameter
predictions
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For Emulation of DM simulations (Quijote)
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Experiments Using Transformers

e AdaPoinTr architecture
e Task: point cloud "completion”
e Limitations:
= input: max. ~10'000 particles

= output: max. ~16'000 particles
— |terative generation
—> subsampling input

e by Master student: Raphael Emberger



O Full (500300)

Gas GT Full [225760]

AdaPoinTr (

O Lo Gas laccumulated PC)
DM Inpat [150000)

The "Good"

Particle counts over distance from galaxy center

Gas GT Culput [245T€0) Gas Pradiction [2457€0]

) on TNG50 galaxies: DM > gas

DM input

0.10 0.15
Gas gt & output

Radial profiles of particle numbers

prediction
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The "Bad"

s Gas (accumulates PC) Particle counts over distance from galaxy center

DM 7ull [30000) 30 Input [20007]

. i

Gas GT Full |32766) Gas GT Output [32768) Gas Predicticn |32763) ; : 0.04 0.06 0.08

Gas gt & output
v _ | | |

AdaPoinTr ( ) on TNG50 galaxies: DM > gas Radial profiles of particle numbers

0.10

prediction

[Mpc] 0.12
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O Full (340000)

Gas GT Full [180224]

AdaPoinTr (

The "Ugly"

DM 1o Gas (accumulates PC)
OM Inpat (110000)

Gas GT Culput [180224] Gas Pradiction [130224)

) on TNG50 galaxies: DM > gas

Particle counts over distance from galaxy center

DM input

0.10 0.15 0.20
Gas gt & output

Radial profiles of particle numbers

0.25 [yne] ©0-30

prediction

0.25 [Mpc] 0.30
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Towards "Phase-Space-Point" Models

e expand feature vector to: mass, momenta/velocities, potential, ...
e problems:

= already barely computationally tractable

= more particles needed for accuracy

24



Towards "Phase-Space-Point" Models

e expand feature vector to: mass, momenta/velocities, potential, ...
e problems:

= already barely computationally tractable

= more particles needed for accuracy

—> optimization: quantization, pruning, data parallelism, sharding, ...
—> better subsampling strategies
— self-consistency checks? regularizations?

241
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