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.uzzling observation

The observed radial distribution of satellite galaxies in the MW is more concentrated than predicted by
cosmological simulations of MW-mass hosts.

2D (projected) cumulative radial distributions (Carlsten+20)
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puzzling observation

The observed radial distribution of satellite galaxies in the MW is more concentrated than predicted by
cosmological simulations of MW-mass hosts.
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subhalos in simulations: A problem for CDM?

Radial distribution of subhalos in ~"hydre" simulations (Kelley+19)

Subhalos with Vpeak<7 km/s

need to be populated with
galaxies to match data
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subhalos in simulations: A problem for CDM?

Radial distribution of subhalos in DM-enly simulations (Kelley+19)
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LCDM at infinite resolution: the NF'W cusp is indestructible

« Recent works using idealized sims have studied tidal
stripping in the limit of very high (infinite) resolution.

« Assuming LCDM (i.e. subhalo starts with an NFW density
profile), subhalos lose mass, but never fully disrupt.

Tidal stripping evolution follows a “tidal track”
(Errani&Navarro21, Pefarrubia+08,10)
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This project

» Aim: to correct for the artificially-disrupted subhalos and provide what
would be the “true” abundance and radial distribution of satellite
galaxies around a MW-mass galaxy in LCDM
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This project: The true radial distribution of MW satellites

Aquarlus project (Springel+2008)

Still highest resolution MW simulation ever run!

Name mp €
ANMp) (pc)

Ag-A-1 1.712 x 103 20.5
Ag-A-2 1.370 x 10* 65.8
Ag-A-3 4911 x 10* 120.5
Aq-A-4 3.929 x 10° 342.5
Ag-A-5 3.143 x 10° 684.9

 —— —

« Ag-A : DM-only MW-mass halo
(~1012 Mo)

«Run at 5 resolution levels

« Bound subhalos defined by
SUBFIND halo finder.

« Merger trees
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This project: The true radial distribution of MW satellites

'Aquarius project
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true radial distribution of MW satellites

Aquarius project

v llyt e

radiati ,M“l., nto centre H

* Stars form in disk
* And give rise to feedback effects

* Satellite sinks by dynamical friction
and merges onto central galaxy

* Mergers - starbursts, BH growth

* Major mergers & disk instabilities:
stellar disks - spheroids

* New disk may form by gas accretion

vurham Semianalytical model for galaxy formation
White&Frenk91, Kauffmann+93, Cole+2000, Lacey+2016
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This project: The true radial distribution of MW satellites

'Aquarius project

4+ Semianalytical model: defines which subhalos form a galaxy.

+ V=30 km/s, zc,=6 (for gas cooling after reionization).

4+ Galform reads Aquarius merger trees and particle data, and is
able to track the evolution of a subhalo after it disrupts

(follows most bound particle).

+ “Typeis” (satellites in surviving subhalos)
4+ “Typez2s/orphans” (satellites in sub-resolution subhalos).
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7 “TypeZ/Orpha-nS”: S“b'reSOIUtion S“bhalos Galform includes criteria for merging of orphans following

Chandrasekhar timescale (see Simha&Cole17)
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7 “TypeZ/OrphanS”: S“b'reSOIUtion S“bhalos Galform includes criteria for merging of orphans following

Chandrasekhar timescale (see Simha&Cole17)
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Total number of galaxies in 300 kpc
converges across resolution levels

N;~300
In L1, 1/2 are orphans
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e of MW satellites: luminosity function

Plateau at Mstar ~ 105 Msun, as a

result of reionization (see Bose+18)
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Ag-ADMO (z=0)
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Ag-A DMO (z=0)
+ GALFORM

> Inclusion of orphans
> Non-linear mapping between
subhalos and galaxies
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Radial distribution: galaxies within 300 kpc of the MW

Ag-ADMO (z=0)
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: haracteristics of L1 “()rph ans” Maximum subhalo mass and circular velocity

L1
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distribution data
B s

Correction needed in L1 (mpar~1€3 MO):

half of satellite galaxies are orphans
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i Many become orphans before infall: L4
12 -stripped with dense early halo —
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e Asresolution increases, orphans are restricted to objects having
earlier infall times: At HR, objects are more resilient to stripping,
and only those that suffer stripping for longer end up artificially

disrupted.
20

teristics of L1 “orphans”

z=o orbital properties

- — —

Approximated peri & apo by integrating orbit in z=0 host potential,
starting from most-bound particle pos and vel at z=0
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e Predicted nearby MW satellites have very small peri and apocenters.

e Eccentricities similar to known MW sats
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‘Galaxy (stellar component) disruption due to tidal stripping

Errani et al 22
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® What happens with the stars during tidal stripping is heavily
dependent on the particular energy distribution within the
halo.

® Assuming an exponential distribution, there is a relation
between bound mass-loss and luminosity loss.

® For the bound mass loss we follow the empirical tidal-track

+ Although there is always a bound DM remnant, framework from Errani&Navarro21

we should consider the stellar mass loss of
satellites due to tidal stripping
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Predicted “observable” radial distribution of MW satellites

We calculate bound mass loss, and
luminosity loss, using the
Errani&Navarro21 framework.

To obtain final stellar masses after

stripping, we assume
M/Lratio =1.6 (dSph, Woo+08)
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Predicted “observable” radial distribution of MW satellites

We calculate bound mass loss, and

luminosity loss, using the

Errani&Navarro21 framework.

To obtain final stellar masses after

stripping, we assume

M/Lratio =1.6 (dSph, Woo+08)
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Summary

» We need to correct our cosmological simulations for artificial distuption if we want to be able to
study theultrafaint population of MW satellites

» Semi-analytical models like GALFORM represent the best way forward in the study of very small
galaxies, given the current computational (hydro) possibilities

p Still much work/understanding needed to reach‘a proper “model for orphan treatment”.

» Reproducing the MW’s satellite radial distribution is not a problem for LCDM and galaxy
formation models based on H-cooling.

| » We predict the discovery of many very faint, nearby (<20kpc) MW: satellites

Thank you 35115
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-at small scales
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What is Dark Matter?
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