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INTRODUCTION
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INTRODUCTION

we haven’t detected dark matter particles!

Axion-like L Standard Sterile
Dark

Particles Matter Model v neutrinos
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Astrophysics:
local DM

density, velocity
distribution

Particle
physics: DM
mass, Cross

section
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Gravity Models Theory

Direct
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Macroscopic Macros Oth'er WIMPzilla
Particle
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we need galaxy formation .
. . . . Primordial . elf-
IN simulations to derive BHs MaCHOs Ml Superfluid interacting

realistic predictions

Materials science
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OPEN PROBLEMS IN CDM

rotation curves of dwarf galaxies
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observations suggest a larger diversity of density distributions compared to CDM



OPEN PROBLEMS IN CDM

gravitational lensing

cluster scales:

galaxy scales too many lensing events by satellite galaxies?
XY :

oberved subhaloes are too concentrated?

-
. . - . - ety il il @
satellites of mass 106-°M. satellites of mass 1010-12\j,

observations suggest a larger diversity of density distributions compared to CDM
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AIDA-TNG SIMULATIONS

v three cosmological boxes

v  AREPO - moving mesh

v TNG galaxy formation model
v CDM, WDM, SIDM

v’ multiple resolution levels
50 Mpc

max resolutuion:
~280 pcC
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AIDA-TNG SIMULATIONS

Self-interacting Dark Matter:

particles interact with each other beyond gravity
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GALAXY PROPERTIES

0.25 —r —————rrr —— — T T T T
_ —6— Moster et al. 2010 0.10 F -
P —%— Shuntov et al. 2022
g 0.20 —=— Behroozi et al. 2019 "G
S § 0.08 -
Q L.
S 0.15 \J
§ § 0.06 -
N g
< <
0.10
§U % 0.04 -
Q ©
= s
™ 0.05 0.02 7
=
0.00 0.00 i T

1010 :_ T | T T 1
S 2
o
Z 10%¢ -
= : —~
= |
= el S,
v 10%F 1 o
wn - ] s
(©
= - a
L ad
m 10/ 3 E EH
: 10-2 |/ O  Behroozi et al. 2013
- . R I vV Madau & Dickinson 2014
6 . ..I.“‘. el b ] el . | 1 ! I 1 1
0108 10° 10%° 10t 102 0 1 2 3 4 5 6

Despali et al. 2025 Mx( < 2refr +) [Mo] Z



galaxy sizes GALAXY PROPERTIES

10 ¢ SLACS lenses - ETGs (Auger+10) 1 — CDM
[ e KiDS - spheroidals (Roy+18) o ] —— WDMI 8 , ,
. o KiDS - disks —— WDM3 .- W
N ¢ SDSS - early type (Shen+03) ____:____7*"S|DM1 71 5.10%8 < M. <5- 1010 )
— ¢ SDSS - late type
%
L -
©
o)
p -
3
Y
é -
’: 1.0 ﬁ“-———--—hq_/g;.‘ =
0.8 ol N T W | WY | L4 4 213l N L 2 1 13l \
108 10° 1010 1011 1012 ‘ ‘

M. - central [Mg]

Despali et al. 2025



dark matter

stars

Despali et al. 2025
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HALO PROFILES

not only the DM profile is affected, but also the total density
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"HALO PROFILES
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GALAXY MORPHOLOGY
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GALAXY MORPHOLOGY
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c/a: rel. diff. w.r.t. CDM

haloes are less triaxial in SIDM
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LYMAN-O
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LYMAN-O
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new AIDA-TNG simulations

|

v three cosmological boxes

v  AREPO - moving mesh

v TNG galaxy formation model
v CDM, WDM, SIDM

v multiple resolution levels

v large statistics of galaxies

\
\ / \
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SUMMARY
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