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ICC | Fundamental predictions
of ACDM

- Primordial PS of density perturbations + random phases

Linear regime: cosmic microwave background

Evolved non-linear regime: dark matter halos -
® abundance
® structure

® clustering
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+JBCC | The cold dark matter power
S spectrum
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The den5|ty profile of cold dark
| ‘matter halos '
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L ‘Shape of halo profiles

L' Density profiles are “cuspy” -
' no ‘core’ near the centre
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Il .~ More massive halos and

“halos that form earlier have
higher densities (bigger d)
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53 The small-scale “crisis™: four
problems

“Solved’ In:

1. “Missing satellites” 2002

2. “Too-big-to-fail” 2015 | Baryon effects
3. “Core-cusp” 1996

4. “Plane of satellites” 2022
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DM-only CDM simulations predict many more subhalos in [
the Milky Way than there are observed satellites

“Missing satellites” problem
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fraction of halos that host a galaxy

HOF

A galaxy formation primer

Halo Occupation Fraction (HOF): fraction of
halos of a given mass today that host a galaxy
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Luminosity Function of Local

Group Satellites

® Median model - correct
abund. of sats brighter than
M,=-9 and V> 12 km/s

® Model predicts many, as yet
undiscovered, faint satellites

® LMC/SMC should be rare
(~2% of cases)

Benson, Frenk, Lacey, Baugh & Cole '02
(see also Kauffman et al ‘93, Bullock et al '01)
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CDM DM-only simulations make
subhalos with V_...>30 km/s

max

MW has only 3 satellites

with V. .,>30 km/s
w(I._MC, SMC, Sg)



@ICC Too-big-to-fail iIn CDM: baryon effects
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DMO simulations predict
NFW profiles
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The physics of core formation

DMO simulations predict Navarro, Eke & Frenk (1996)
NFW profiles

The cores of dwarf galaxy haloes L75

o
Cusps —> cores
Perturb central halo region
by growing a galaxy ]
adiabatically and removing
it suddenly (Navarro, Eke R
& Frenk ‘96)
Cores may also form by
repeated fluctuations in | £ o
central potential (e.g. by SN o
I — Py 8,=0.04
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TJBCC | Cores or cusps in simulations?
-
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+JBCC | The plane of satellites in the MW
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Problem: the 11 “classical” Milky Way satellites are in a thin, possibly

rotating plane (Lynden-Bell 1976)
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+JBCC | The plane of satellites in the MW
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The plane could be a spinning disk

The orbital poles of 7 of the 11 satellites are clustered

GAIA DR2

Pawlowski & Kroupa (2020)

Institute for Computational Cosmology




+JBCC | The plane of satellites in the MW
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B The plane of satellites in the MW

Radius of it" closest satellite
300

100 ACDM N-body
simulations of Local Group
analogues: m =1x10°M,

MW “Satellites” top-11 ranked
by Vpeak

I

Limited resolution - satellites in inner regions artificially disrupted

- need to follow “orphan” galaxies

Sawala, Cautun, CSF et al ‘22
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The plane of satellites in the MW

Radius of ith closest satellite Including orphans
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Including “orphan” satellites reproduces radial distribution & reduces c/a
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+JBECE | The rotating plane of satellites

What about the clustered poles?

. Complete sample of subhaloes (with orphans)

. LoOk elsewhere effect

We have 5/200 (2.5%) more clustered than the MW (compared to 0.04%)
Still rare, but not astronomically unlikely.
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Additional Iénsing by
line-of-sight halos Eartn
perturb image

NASAJESA

When the source and the lens are well aligned - strong
arc or an Einstein ring



Halos projected onto an Einstein ring distort the image

Mg, = 2.8 X 1010 M,

O
N



Gravitational lensing: substructures

Searched for substructure in 55 lenses with good HST imaging
2 detections:
- Log Mg, = 11.59 *0-18-0.34
- Log Mg, = 11.80 *0:16-0.30
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&€ | Strong lensing: detecting small halos

HST “data”: Zgoyree=1; Ziens=0.2 107 M, halo — NOT so easy to spot
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Conclusions

Can test ACDM in non-linear regime

Halo abundance, structure, clustering known from 10— 10> M,

Missing satellites

Too-big-to-fail “Solved” by baryon effects
Core/cusp

; Plane is transient
Plane of satellites

MW plane not rare

Definitive test of ACDM - dark subhalos - strong lensing
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