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Abstract:

Galaxies are the medium through which we study the structure of the universe. Howeve
galaxies are generally over-simplified: even recently proposed models cannot capture

formation history. To solve this problem, | will introduce Graph Neural Networks (GNN:
modelling. Geometrically constrained GNNs vastly improve our models, and allow us
importance of formation history and environment for cosmological galaxy modeling. | w

between these two aspects of galaxy formation.

Pirsa: 24110058 Page 1/43



Geometric Machine Learning ‘¢
for cosmological galaxy models
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. DM density *

Cgg & Smm

Galaxy ~ f(Halo)
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A machine learning approach to mapping baryons onto dark matter haloes
using the EAGLE and C-EAGLE simulations

Page 7/43
Pirsa: 24110058




¢Tomoaki Ishiyama, Hirotaka Nakayama, 4D2U Project, NAOJ
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Merger tree for galaxy with mass 10%°M,

Redshift step

Halo mass [log(Mx/Ms)]
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In modern physics ... a central theme will be a Geometric Principle: The
laws of physics must all be expressible as geometric (coordinate-independent
and referenceframe-independent) relationships between geometric objects

(scalars, vectors, tensors, ...) that represent physical entities.
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‘Let No One Unir




Molecules are Graphs
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Neutrino Observatories are Graphs
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Large Scale Structure is a Graph
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Galaxy Evolution is a Graph

.Q"= f'!!% & #1'5-
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Node classification

z; = f(h;)

Graph classification

zg = f (Diey hi)

Latents

(H, A)

Link prediction
z;; = f(hi, hy, e;)
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How would you fit this on a
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Must-have symmetries

Given some permutation matrix P, we want some properties:

For scalar output functions, invariance when acting with P

f(PX, PAPT) — (X, A) (Invariance)

For vector output functions, equivariance when acting with P

F (PX, PAPT) — PF(X, A) (Equivariance)
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Physics with GNNs

* A natural abstraction of physical systems and inherently
local -> easier physical interpretations + separability

e Can embed almost arbitrary symmetries

 Embeds inductive biases easily by restructuring the
graph -> more efficient learning and no need to learn
things we already know
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The Unreasonable Efficiency of GNNs for Physics
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= Graph -> Graph Neural Network

irsa: 24110058 Page 27/43



Jespersen+ 22

arxiv.org/abs/2210.13473

MANGROVE
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SAM-GNN M- relationship

Bias : 0.002 dex
o: 0.070 dex
Pearson: 0.997
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Jespersen+ 22

Abundance Matching M+ relationship
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What about only all the final features?

Equivalent to the approach used in litterature
Jespersen+ 22

SAM-GNN M- relationship SAM-GNN /log(M-/Mo)

| Bias : 0.002 dex
o:0.070 dex
|1 Pearson: 0.997

! Pelaréon: 0.990
6 7 8 9 10 11 ' 8 10
SAM M. SAM log(M+/Mg)
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Eye test

SAM Mpa0 — M« relation
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Outliers are dead on!

SAM Mpa0 — M« relation

GNN M} 50 — M« relation
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What part of the merger history is most important?

o(M:) for trimmed merger trees

$ Median (16th, 84th percentile)

Tg) Tp) igple) e
P 0 S OO
—

Percentage of merger history left out before final halo
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Galaxy ~ f(Halo, History)
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