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Ook het pogen is schoon; zoo er- There is beauty in the attempt,

gens, dan geldt dat hier, waar wij too; if anywhere, that applies
dedieptenvan het Heelal gaan pei- here, where we will sound the
len. [...] Neen, laten wij liever zeg- depths of the Universe. [...] No,
gen : vooral het pogen is schoon. let us rather say: there is beauty
- A. A. Nijland (1924). De Bouw in the attempt, above all.
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lands: Bohn, pp. 12






CONTENTS

1

Introduction 1

1.1

1.2
1.3
1.4

1.5
1.6

Cosmology 1

111 The ACDM paradigm 1
112 Small-scale problems 5
1.1.3  Baryonic effects 6

1.1.4 Alternatives to CDM 7
1.1.5 Alternatives to dark matter 9
Where to study dark matter 10
Ultra-faint dwarf galaxies 11
Dynamics 14

1.4.1 Jeans equations 15
1.4.2  Spectroscopy 18

The MUSE-Faint survey 19
This thesis 22

Acknowledgements 23

Spectroscopic evidence for a star cluster in Eridanus 2 and constraints
on MACHOS as a constituent of dark matter 25

2.1
2.2

2.3

2.4

2.5
2.6

Introduction 26

Observations and data reduction 29

2.21  Observations 29

2.2.2 Datacube 29

2.2.3 Spectra 31

Astrophysical results 33

2.31  Line-of-sight velocities 33

2.3.2  Velocity distributions 44

2.3.3 Properties of Eridanus 2 and its cluster 47

Implications for MACHOS 49

2.41  Mathematical model for the disruption of the Eridanus 2
cluster 51

2.4.2  Constraints on massive compact halo objects as dark
matter 52

Discussion 353

Conclusions 57

Acknowledgements 58
Appendix 59

vii



viii

2.A

Derivation of the limiting fraction of massive compact halo
objects 59

The dark-matter density profile of the ultra-faint dwarf galaxy
Eridanus2 63

3.1
3.2

33

3.4
3.5

Introduction 64

Methods 67

3.2.1  Observations and data reduction 67
3.2.2  Models of dark-matter density profiles 70
3.2.3 CIAM 72

3.2.4 pyGravSphere 75

Results 79

3.3.1 Parameter estimation 79

3.3.2  Profile recovery 86

3.3.3 Model comparison 91

Discussion 9z

Conclusions 96

Acknowledgements 98
Appendices 99

3.A
3.B
3.C
3.D
3.E

Table of kinematics 99

Multi-Gaussian expansions of the density profiles 99
Unbiased estimators of intrinsic moments 103
Supplementary figures of CJAM parameter constraints 107
Recovery of intrinsic velocity dispersion profiles 107

No large dark-matter cores and no significant tidal stripping in
ultra-faint dwarf galaxies 113

4.1
4.2

4.3

4.4

Introduction 114

Observations and data reduction 116
4.21 Sample 116

4.2.2 Overview of observations and data reduction 120
4.2.3 AntliaB 125

4.2.4 LeoT 125

4.2.5 Hydrall 126

4.2.6 Grusi 127

Methods 129

4.31 CIAM 129

4.3.2 GravSphere 131

Results 135

4.4.1 Parameter estimation 135
4.4.2 Profile recovery 137

4.4.3 Model comparison 140



4.4.4 Tidal stripping 141
4.4.5 Galaxy-halo scaling relations 149
4.5 Discussion 153
4.5.1  Comparison to previous results 153
4.5.2  Reliability of inferred parameters 155
4.5.3 Reliability of the dynamical analysis 156
4.6 Conclusions 157
Acknowledgements 159
Appendices 160
4.A GravSphere 160
4.B  Figures of parameter constraints 169

5 Constraints on dark-matter properties from a joint dynamical analysis

of ultra-faint dwarf galaxies 187
51 Introduction 188
5.2 Methods 191
5.2.1 Models 191
5.2.2 Priors 196
5.2.3 CJAM 199
5.2.4 UltraNest 202
5.3 Results 203
5.3.1 Initial weak prioronr, 204
5.3.2  Physically motivated prior on ry, 211
5.3.3 Additional prior on m, from dwarf spheroidal
galaxies 216
5.4 Discussion 220
5.4.1 Model assumptions and parametrizations 220
5.4.2 Most suitable prior on m, 221
5.4.3 Dynamical analysis 222
5.4.4 Comparison to previous results 223
5.5 Conclusions 225
Acknowledgements 227
Appendices 228
5.A Combining evidence 228
5.B  Additional figures of parameter constraints 231
5.C  Alternative prior on m, from dwarf spheroidal galaxies

Bibliography 247
English summary 267

Nederlandstalige samenvatting 271

244

ix



List of publications 277
Curriculum vitae 279

Acknowledgements 281



