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symbols

ACDM 21, 100
[OIII}A5007/H ratio 69
21-cm 4ff, 121ff, 124, 126, 191
21-cm radiation 103

a
Abel 25
absorption cross section 93
accretion disk 40
accretion flow 28, 40
advanced camera for surveys 132
advanced technology large-aperture
space telescope (ATLAST) 188
AGN 7,9,76, 80, 81
-mini  7ff
ALMA 153,181
amplification 167
angular power spectrum 123
antenna temperature 122ff, 123
AP3M codes 70
Atacama large millimiter array
(ALMA) 194
attenuation length 99
Auger electrons 100
automated photometry 162

b
background

-Uv 1
background-limited 188
bad pixels 154
Balmer line 118
Balmer-jump technique 129, 136
Baltz 127
baryon acoustic oscillations 125
baryonic mass 27
baryons 7
Bechtold 104
Bergeron 156
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Big Bang 2,8

black hole 1, 7ff, 8, 9ff, 34, 64ft, 75ff
black-hole mergers 65
blackbody 42, 97
blackbody spectrum  33ff
block-averaging 162
Bonnor-Ebert 27, 30
Bremsstrahlung 51
Bromm 33, 58, 60

Bruzual and Charlot 130
Bruzual-Charlot models 63

c
case A 51
case B 10, 36, 53
CDM 2,37
-power spectrum 7
CDM halo 64
central pressure 31
Chandra deep field south 153
Chandrasekhar 200
charge neutrality 31
chemical potentials 198
Cloudy 52,67, 87
clumpiness 143
clumpiness factor 88
clumpiness parameter 98
clumpy IGM 88
clusters of Population III stars 61
CMB 1,4,121
CMB fluctuations 126
CMB temperature 122
CNO cycle 32
Colberg 167
cold dark matter 75
collisional effects 36
collisional excitation cooling 52
collisional excitation rate 120
collisional excitations 121
collisional ionization cooling 52
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collisionless 68

collisionless dynamics 68

color—color diagram 130

column density 41, 43, 49

completeness 165

Compton optical depth 126

continuity equations 71, 201

cooling 8, 22,23, 25
-atomic-hydrogen 48
-molecular-hydrogen 9, 45, 61

cooling function 16, 16ff, 22, 58, 61,

97

-approximation 17

cooling luminosity 149

cooling of a dark halo 119

cooling time 59

cooling timescale 22, 97

corrective factor 11

correlated noise 159, 162

correlation R(0) 147

cosmic microwave background 10ff,

97ff

cosmic microwave radiation 103

cosmic origins spectrograph 186

cosmicrays 40

cosmic variance 166, 168

cross section 94

cyrrus 152

d

damped Lyman o systems 97

damping wing 94, 106ff, 119

Dark Ages 1, 3ff

dark energy 125

dark gaps 110

dark matter 37

dark matter halos  8ff, 21
-virialized = 21ff

dark-gap size 110

deconvolution procedure 159

density 9

density contrast  18ff

density fluctuation 1,8

diffuse neutral hydrogen 108

diffuse neutral medium 116

direct collapse 67

dispersion relation 202

dithering 154

Doppler core 94

Doyon 185

drizzle algorithm 158

drizzling 157

Drop size kernel function 158

dust 93

dust absorption 87
DVODE 11

dynamo amplification 31

e

Eddington luminosity 30, 31ff, 65,
149

effective absorption cross section
111

effective temperature  31ff, 42

Einstein—de Sitter 18ff

electron temperature 79

electrons  8ff, 39, 50

Enzo 72

equilibrium temperature 52, 53

equipartition 50

escape fraction 86, 87, 93, 97, 112,
115, 116, 118, 179

escape of ionizing photons 85

escape velocity 54, 56

ESO/VIT 137

Euler’s equation 72, 200, 201

Eulerian Codes 72

extended halos 157

extended wings 147

extension threshold 162

f

Fall 84
fast Fourier transforms 70
feedback 28,57

-chemical 39

-mechanical 39

-radiative  39ff
field choice 151
filtering 156
finding objects 162
first active galactic nuclei 39, 64
First catalog 153
first galaxies 39, 39ff, 63, 129
firstlight 1,7

-stars 2
first star  7ff, 8, 18, 31, 40, 49, 148
first star clusters 39, 59
flat fielding 156
flat-fielding errors 155
fluctuations 147
fluctuations in the 21-cm line 122
formation timescale 45
fragmentation 40, 60
Fruchter and Hook 157



g
Gadget 72

galactic dust extinction 151
galaxies 1ff
first 4
Galli and Palla 14, 23
gas dynamics 71
gas temperature 121, 122
Gaussian 111
George Rieke 185
Giavalisco 130
Glover and Brand 42
Gnedin and Ostriker 88, 89
GOODS 92,133, 141, 142
gravitational cross section 70
gravitational lensing  166ff
gravitational telescope 166
great observatories origins deep survey
151
Greif 61
Gunn-Peterson optical 77
Gunn-Peterson optical depth 174
Gunn-Peterson optical thickness
106
Gunn-Peterson trough  4ff, 76, 103ff,
106ft, 107, 114, 117, 173ff, 175

h
hardness 80
He 1700 + 6416 173

heating 50
Heger and Woosley 35
helium 16

-neutral 8
herringbone artefact 156, 159

HI Lyman a forest 177
hierarchical clustering 23
HII region 35ff, 67, 86, 93, 97, 109
HII region size 110
homogeneous IGM 81
HS 1700+6416 174
HST 127
Hubble deep field see also HDF
130, 151
Hubble deep field south 151
Hubble space telescope see also HST
91, 130, 151, 181
Hubble time 18, 98
Hubble ultra deep field 63, 151, 152
HUDF 133,141
Hutchings 185
hydrogen 9, 16
-molecular 8ff, 13ff, 15, 23, 39

-neutral 1, 4ff, 8, 39
-positively ionized 8

i
i-dropout criterion 132
IGM  79ff
IGM absorption 87
IGM attenuation 131
IGM temperature 176
IMF 84
initial mass function see also IMF
8,82, 112
inter stellar medium see also ISM
9
intergalactic medium  see also IGM
9,96
inverse Compton cooling 52, 971f, 98
ionization 113
-efficiency 81
-rate 113
ionization fraction 10, 10ff, 89, 117
ionization front 55ff
ionization heating 49, 56
ionized bubble 116, 117
isobaric 25
isobaric approximation 27, 59

J

J033238.7-274839.8  137ff

Jakobsen 184

James Webb space telescope 3, see
also JWST 91, 181

Jeans 21

Jeans collapse 27, 40, 59

Jeans instability 25, 59, 197

Jeans mass 26, 41, 59

Jeans wavelength 26

Jenkins 20

Jones and Wyse 11

JWST 127

k
Keck 137

I

Lagrangian codes 72

Landau damping 201

Lane-Emden 200

Lane-Emden equation 197

large field of view imaging  see also
LSST 194

last scattering surface 13, 126

Legendre transform 198
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Lepp and Shull 13,15

lifetime 32

linear perturbations 2

local ionized bubble 114

Lockman hole 153

LOFAR 3,181

low-frequency array  see also LOFAR
192

luminosity function 91, 92, 118, 140,
141, 146, 168

luminosity—surface density relations
90

LW bands 41

Lya equivalent width 68

Lyman

-absorption 4
-emitters 4

Lymana 95

Lyman o absorbers 106

Lyman a emitters 145

Lyman « escape fraction 114, 115

Lyman o luminosity 113

Lyman a 4, 11, 36ft, 67, 76, 92ff,
103ff, 118, 174

Lyman o absorption systems 175

Lyman « blobs 120

Lyman o cooling 52

Lyman « cooling halo 120

Lyman a emitters 113, 125, 144

Lyman a escape model 115

Lyman a excess 129, 135

Lyman o fluorescence 119, 120

Lyman « forest absorbers 35

Lyman « halos 119

Lyman o line 127

Lyman « line width 111

Lyman a sources 111, 115, 117

Lyman f§ 108

Lymany 108

Lyman limit 49

Lyman series lines 108

Lyman-Werner background 39, 44ff,
45-48, 61, 65

Lyman-Werner continuum 28

Lyman-Werner feedback 148, 149

Lyman—Werner resonances 40

Lyman-break galaxies 134, 141ff, 142

Lyman-break technique 4, 129, 129ff

m

Machacek 46

Madau 99, 131

Madau and Meiksin 177

magnitude per isophotal 160
Malhotra and Rhoads 117
mass function 18
mean excess energy 50, 53
mean weighted excess energy 50, 53
mesh refinement 73
metal abundance ratios 63
metal lines 109
metal-line ratios 176
metal-poor stars 61
metallicity 2,7, 36
metallicity at reionization 75, 83
minimum halo mass 25, 27, 43ff, 46,
53-55
minimum metallicity 61, 84
minimum molecular hydrogen
fraction 46
minimum surface brightness 81, 84,
90
Miralda-Escudé and Rees 93
MIRI 185
molecular hydrogen
-dissociation 43
-primordial 43
molecular hydrogen fraction  23ff, 59
Moon radiotelescope 194
multiplicity condition 60
Murchison wide-field array see also
MWA 192
MWA 181

n
N-body simulation 167
Navarro, Frenk and White 22
near-IR background 127
neutral hydrogen clouds 105
neutral medium 105, 106
neutral-hydrogen fraction 110
neutral-hydrogen searches 121
NICMOS 133,158
NIRCam 184
NIRSpec 184
number density
-dark halos 23
-electrons 10
-hydrogen 45
-neutral (atomic) hydrogen 10
-neutral-hydrogen 107
-Population IIT 43, 44, 47, 65
-protons 10
numerical simulations 3
Nyquist sample 187
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O’Shea 40

odd-even pattern 63

oI 109

Omega Cen 62

opening angle 71

optical depth 42, 177
optical thickness 95

origin of globular clusters 62
Osterbrock 50

Osterbrock and Ferland 36, 79

p
P3M codes 70

pair-instability supernova 56, 64, 148
Panagia 36ff, 67
particle-mesh codes 70
partition function 199
Peacock 8
Peebles 8, 10ff
Peebles and Dicke 62
percolation 76
perfect gas equation of state 72
Perlmutter 195
perturbations
-collapse 21
photoionization
-helium 8
-hydrogen 8
photoionization cross section 99
photometric error 162
photometric redshifts 139
2-photon 11, 36
Planck 195
Planck’s constant 78
PM code 70
point spread function 155
Poisson’s equation  69ff, 200, 201
polytropic equation of state 72
polytropic stars 200
Population 9
Population I1.5 9, 40, 58
Population ITT  4ff, 7ff, off, 18, 27ff,
31ff, 36, 39, 41, 55, 56, 81, 148ff,
186ff
Population III.1 39, 61
Population II1.2 39
power spectrum 20, 124-126
fluctuations 124
PPM 153
Press—Schechter 20
primordial metallicity 48
primordial nucleosynthesis 9

protons  8ff, 39
protostellar core  28ff
proximity effects 107

q
QSO 8, 66ff, 103ff, 108, 129, 146,

173
quasars 129

r
radiation
-ionizing 1
radiation constant 12
radiative equilibrium 51
radiative feedback 31, 49, 61, 65
radiative transfer 44, 47,73
RC3 153
recombination 8, 10, 50, 121
-helium 9
-hydrogen 9ff
recombination coefficient 51
recombination cooling 51
recombination rate 79
recombination timescale 98
redshift 6 dropout galaxies 132
redshift distribution 132, 134, 135,
138-140
redshift histogram 144
reheating 97
reionization 9, 75, 79ff, 95, 96, 117
-helium 75,173
-hydrogen 1ff, 75, 103ff
reionization history 103
remnants 34
residual ionization 12ff, 25
residual ionized fraction 46
Rice algorithm 156
Rieke, M. 184
Runge—Kutta 200

s

Saha’s equation 10, 197, 198
Salpeter time 65
Santos 93

scattering halo 119
Schaerer 112

SDSS 108

Seager 12ff
self-calibration 160
self-shielding 44, 48
self-shielding halos 41
Sextractor 163, 164
Sheth and Tormen 21

Index

217



218

Index

Shull 81
signal-to-noise ratio 162, 186ff
Silk damping 20
simulations 136, 164
size test
-HII region 109
Sloan Digital Sky Survey see also
SOSS 8,66, 105
smooth particle hydrodynamics 72
SN-driven winds 96
SNAP 195
solar metallicity 82
Solomon 40, 41
Songaila 84
sources of reionization 124
South Atlantic Anomaly 154
spectral-energy distribution 78, 131
spectroscopy 169
SPH-kernel 72
spherical harmonics 71
spin temperatures 122
spin-flip 121
Spitzer 147, 160
Spitzer IRAC 137
square-kilometer array see also SKA
193
star formation rate 28
star-formation 39, 63, 148
star-formation histories 142
star-formation rate 43, 89, 115
Steidel 87
stellar atmosphere 42
stellar UV radiation 76
Stiavelli 79
Strehl ratio 190
Stroemgren sphere 53, 55ff
super bias 155, 156
super dark 155
supernova 4, 40
-explosions 9
-pair-instability 34
SuperNova acceleration probe 195
supernova explosion 49, 56, 57
surface brightness 771t 83
surface density 143
Sutherland and Dopita 58

synthetic stellar population models
131

t

Tegmark 23

temperature of the IGM 175

TFI 185

TFIT 163

thermal equilibrium 11, 121

thermonuclear yields 62

Thompson cross section 12

Thompson optical depth 83, 96ff,
195

Thompson optical length 13

Thompson optical thickness 18

Thomson cross section 31

Thomson opacity 82

T™MT 189

Treecodes 71

Trenti and Hut 70

u

UDF 92, see also HUDF 142
UV background 28

UV radiation 41

UV spectrum 80

v

Veron and Veron 153
Virgo consortium 167
virial theorem 22
VLA 153

Vlasov’s equation 201

w
WDM 37
White 156

wide-field camera 181

wide-field planetary camera 133,
185ff

Wise and Abel 63

WMAP 2, 13ff, 95

WMAP optical depth 123

Wright 185

x
X-rays 76





