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Structure formation is hierarchical

Halo growth

Large scales Merger + Tidal
interactions

Cold Dark Matter
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Small scales

Virialize
+ Could be self-interacting .

LCDM is well
established, but
there is a different
way to look at it




Network theory
can offer a new
perspective of
looking at
structure
formation

k: node degree, i.e.,
number of links
connected to a
node
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Winner takes all




Symmetries

e Power indices of
matter power spectra

e Scale symmetry and
preferential
attachment

Physical
processes

Mergers

Tidal stripping
WDM/Feedback
/SIDM?

A natural structure
for capturing
complicated
correlations: Graph
Neural Network

Around 10 GNN papers in astrophysics
appeared in the past 1.5 years



Stale symmetry and preferential attachment (PA).
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Field halos

Linear attachment kernel (BA model)
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Topological information from graph metrics

The most massive host in TNG-50-1

Topological information
e Length of edges are not measured
e Self-similarity can be measured
e Morphological information beyond
ellipsoidal parameters
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A follow-up paper in preparation



An e

Tcient structure for gathering characteristic features

The most massive host in TNG-50-1

Rich inner structure
unfolded

Hydro (z=0)
S/ Smax = 0.98
N = 1000

Orange: enriched stellar mass ‘ —
Green. enrlChed gas mass DM Column Density {log Mg, kpc™]

Magenta: hosting massive black holes _ ,
A follow-up paper in preparation
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Analytic kernels for self-interacting dark
matter (SIDM) halos

Parametric model: 2305.16176 [astro-ph.CO]




Time reversal

Universal gravathermal evolution X

V->-v
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Heat conduction breaks time reversal invariance

Arrow of time dependent on SIDM Outmezguine+ 2204.0656
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time? When conduction ~ # of scatterings, Yes! wl
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equations can be put in a universal form (Zhong+2306.08028)



A universal parametrization of the density profile under SIDM
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| \ Similar performance found for
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I in our updated paper soon
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Analytic kernels: Trajectories of the profile parameters
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Subhalo
An integral approach of
applying the kernels
Tidal radius introduced for subhalos
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Accretion in CDM



Apply to a population of halos
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Paper in preparation



More analytic kernels?

The idea of integral model could be
more generic:

Theoretical modeling on top of accurate
CDM results

A perturbative analysis for the tidal
radius shows
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An integral disk model
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