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[α/Fe] ratio, 114, 116, 173

Λ cold dark matter model, 21, 25, 200, 203, 208, 210

α-element abundance–velocity dispersion relation,

139

α-elements, 116, 139, 173, 483, 488, 514

α-enhancement, 140, 400

λRe parameter, 134

21 cm line, see also neutral atomic gas, 65, 85, 344,

346, 505

7 keV Fe line complex, 178

Abel inversion, 148

Abell radius, 175

ablation, turbulent boundary layer, 385

absorption by dust, 78

absorption coefficient, 520, 521

absorption lines towards quasars, 85

abundance matching, 404, 405, 413

accretion discs, 51, 52

accretion of gas

cold mode, 239, 381, 384

hot mode, 239–241

onto black holes, 51, 292–296, 329, 417

onto galaxies, 85, 234–241, 382–388, 394

accretion rate, 324

acoustic peaks, 25

action integrals, 149

active galactic nuclei, 48–53, 125, 329, 464

accretion discs, 51, 52

coevolution with galaxies, 490

Compton-thick, 53

dusty torus, 52

duty cycle, 296, 299, 380

feedback, 144, 224, 292–299, 378, 379, 417,

491

flat-spectrum radio-loud quasars, 49

fuelling, 51

jets, 49, 296

mechanical efficiency, 295

quasar mode feedback, 294, 417

radiative efficiency, 51, 293, 295

radio lobes, 296

radio mode feedback, 294, 296, 417

spectral energy distribution, 52

Type 1, 50

Type 2, 50

unification scheme, 52

variability, 464

winds, 295

X-ray emission, 48, 52, 53,

75, 463

adaptive mesh refinement, 416

adaptive optics, 91, 438, 439

adiabatic contraction, 224

adiabatic fluids, 526

adsorption, 243

advection operator, 526

AGB, see asymptotic giant branch

age of the Universe, 14, 22, 23

age–metallicity degeneracy, 138, 432

AGNs, see active galactic nuclei

airglow, 442

Alfvén velocity, 258

ambipolar diffusion, 261

AMD, see angular momentum distribution

AMR, see adaptive mesh refinement

Andromeda, see M 31

angular diameter distance, 16,

150, 157

angular momentum

conservation, 353

misalignment, 357

of dark matter, 351, 355

of discs, 101, 102, 356

of the accreting gas, 387

radial flows in discs, 391

specific, see specific angular momentum

angular momentum catastrophe, 354

angular momentum distribution, 355,

356, 358

angular momentum problem, 354, 356, 357

angular speed, 58

anisotropy parameter, 147, 148

global, 136

archaeological approach, 483

asymmetric drift, 97

asymmetry index, 438

asymptotic giant branch, 278, 279, 513

atomic cooling halos, 329, 401

atomic gas, see neutral atomic gas or ionised gas

axions, 197

axis ratio, 56
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background cosmological temperature, 315

Baldwin–Phillips–Terlevich diagram, 433

Balmer jump, 39

Balmer lines, 140

Balmer series, 69

bands, see filters

BAOs, see baryon acoustic oscillations

bar instability, 365

barotropic fluids, 526

bars, 54, 58, 59, 61, 365, 367

axis ratios, 59

dynamical friction, 357, 367

formation, 365–368

long, 113

orbits, 366

rotation, 366, 367

baryon acoustic oscillations, 26, 347

baryon cycle, 473

baryon fraction, 27, 191, 331, 352, 353, 384, 388

baryon-to-photon density ratio, 312

baryonic mass function, 47, 403

baryonic Tully–Fisher relation, 101

baryons, 197, 223, 310

BCDs, see blue compact dwarf galaxies

BCGs, see brightest cluster galaxies

beam smearing, 94

Bessel functions, 89

BHAR, see black hole accretion rate

bias of galaxies, 191

biases in galaxy surveys, 444

Big Bang, 22

Big Bang nucleosynthesis, 26, 27, 197

bimodality in the galaxy population, 40, 186, 406, 456

binary supermassive black holes, 309

BL Lacertae objects, 49

black body, 521

black hole accretion rate, 490, 491

black hole mass–bulge mass relation, see Magorrian

relation

black hole mass–velocity dispersion relation, 161, 162

black holes, 124, 329

accretion onto, 51, 292–296, 329, 417

core scouring, 398

intermediate mass, 342

primordial, 197

supermassive, see supermassive black holes

blanketing effect, 280

blazars, 49, 50

BLRs, see broad-line regions

blue cloud, 40

blue compact dwarf galaxies, 108

bolometric flux, 503

bolometric luminosity, 504

Boltzmann law, 522, 523

Bondi mass accretion rate, 294, 417

Bonnor–Ebert sphere, 254, 255

bottom-heavy initial mass function, 265

boxy bulges, see bulges, peanut-shaped

boxy galaxies, 127, 128, 137

BPT, see Baldwin–Phillips–Terlevich

break radius, 129

bremsstrahlung, 70, 75, 226, 524

bridges between galaxies, 163, 169

brightest cluster galaxies, 177, 185, 378, 398, 481

brightness temperature, 180, 344, 345, 505

broad-line regions, 52

bubbles

in X-rays, see cavities in X-rays

of stellar winds, 287

buckling instability, 366, 367

bulge fraction, 59

bulge–disc decomposition, 57

bulge-to-disc ratio, 32

bulge-to-total ratio, 32, 59

bulgeless galaxies, 59

bulges, 54, 58, 61

classical, 58

formation, 369–374

of edge-on galaxies, 60

peanut-shaped, 62, 368

bulk viscosity, 529

buoyancy, 389

Butcher–Oemler effect, 481

BzK criterion, 453

C+ or C II or singly ionised carbon, 68

cannibalism, galactic, 177, 398

carbon monoxide, 76, 77, 434

optical thickness, 76

rotational transitions, 76

spectral line energy distribution, 434

CAS parameters, 439

cavities in X-rays, 296

cD galaxies, 177, 375

CDM, see cold dark matter

central galaxies, 378

CGM, see circumgalatic medium

Chabrier initial mass function, 264

Chandrasekhar dynamical friction formula, 302

Chandrasekhar mass, 267

channel maps, 89

chemical evolution, 270–276, 393, 394

chemo-dynamical models, 393

closed-box model, 276, 393

effective yields, 276

G-dwarf problem, 393

instantaneous recycling approximation, 274,

383, 411

net yields, 271, 275

of discs, 390

primary and secondary elements, 271

solar neighbourhood, 393
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stellar yields, 271, 272

true yields, 271

circular restricted three-body problem, 303

circular speed, 87–89, 119, 152, 352

circularised radius, 31, 126, 127

circumgalactic medium, 191, 331

closed-box model, 276, 393

clouds

high-velocity, 120

molecular, see molecular clouds

pressure-confined, 245

clumpiness index, 438

clustering, 188–191, 440, 441, 444, 452, 455, 456

clustering scalelength, 189

clusters of galaxies, 21, 165, 174–186, 195, 464

β-model, 181

7 keV Fe line complex, 178

Abell radius, 175

at high redshift, 464

brightest cluster galaxies, 177, 185, 378, 398, 481

cD galaxies, 177, 375

cool-core clusters, 182

galactic cannibalism, 177, 398

intracluster light, 177, 375

intracluster medium, 174, 178–182, 378

irregular, 178

mass, 174, 184

metallicity gradients, 179

non-cool-core clusters, 182, 184

properties of galaxies, 175

regular, 176, 178

richness, 175

scaling relations, 184, 185

Sunyaev–Zeldovich effect, 179, 181, 185

velocity dispersion, 176

X-ray emission, 178, 185

clusters of stars, see globular clusters or open clusters

CMB, see cosmic microwave background

CMDs, see colour–magnitude diagrams

CNM, see cold neutral medium

CO, see carbon monoxide

cold dark matter, 21, 197

cold neutral medium, 118

collapse

dissipationless, 370, 371

dissipative, 354, 370, 371, 375

collapse time of overdensities, 201

collision-induced emission, 322

collisional ionisation equilibrium, 226

collisionally ionised gas, 74, 120

collisionless Boltzmann equation, 517

colour excess, 36, 80

colour gradients, 31, 140

colour selection, 447

colour–magnitude diagrams, 172, 510

colour–velocity dispersion relation, 137

colours of galaxies, 40, 63, 447, 506

comoving coordinates, 13, 199

comoving distance, 13, 15

comoving observers, 13

comoving volume, 18

compact groups, 167

completeness of surveys, 444

composite stellar populations, 281

compression factor, 354

Compton y-parameter, 180, 181

Compton cooling, 231

Compton heating, 231

Compton integrated Y-parameter, 181

Compton scattering, 53, 231, 315

inverse, 52, 180, 231

concentration index, 438

concentration of dark matter halos, 215–218

conduction, thermal, 234, 378

continuity equation, 244, 525

contraction of dark matter halos, 224

convection, 184

convergence, 153–155, 519

cool cores in clusters of galaxies, 182

cooling

Compton, 231

radiative, see radiative cooling

cooling catastrophe, 144, 232, 237

cooling flows, 144, 183, 379

cooling function, 227, 233, 320

molecular, 320

cooling radius, 183

cooling region, 379

cooling time, 182, 228, 236–238

core scouring by supermassive black holes, 398

core-collapse supernovae, see supernovae, Type II

core-Sérsic galaxies, see cored galaxies

cored galaxies, 129, 137

coreless galaxies, 129, 130, 137

cores

of dark halos, 99, 217, 218, 223, 402

protostellar, 322

coronae, galactic, 193, 358, 386, 387

corotation radius, 252, 367

correlation function, 205

two-point, 188, 441

angular, 190

cosmic background, 492

cosmic baryon fraction, 27, 191, 331, 352, 353,

384, 388

cosmic eras, 21

cosmic gas density, 485

cosmic microwave background, 24–26, 196, 311,

344, 348

acoustic peaks, 25

power spectrum, 25

temperature anisotropies, 24
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cosmic noon, 475

cosmic rays, 35, 123, 231, 232, 292, 486

cosmic shear, 150

cosmic stellar mass density, 481

cosmic time, 22

cosmic variance, 444

cosmic voids, 186, 213

cosmic web, 186, 214

baryonic, 331

cosmological constant, 20

cosmological density perturbations

growth factor, 200

linear evolution, 198, 199

cosmological model, standard, 20, 21

cosmological parameters, 20, 21

cosmological power spectrum, 205, 206

evolution, 207

Harrison–Zeldovich, 207, 208

linearly extrapolated, 207

cosmological principle, 13

cosmological simulations, 98, 200, 212, 213, 219,

221, 354, 388, 396, 415

dark matter-only, 210–213, 216–218, 220

hydrodynamic, 215, 415–418

cosmology, 13–27

cosmological parameters, 20, 21

deceleration parameter, 23

density parameter, 19

equation of state, 19

Friedmann equations, 18, 19

mass variance, 206, 209

Coulomb logarithm, 302

counter-rotating cores, 136

critical density

of the Universe, 19, 203

of gas, 70

critical overdensity for collapse, 202, 209

critical overdensity for virialisation, 203

crossing time, 246

crowding, 64

CSPs, see composite stellar populations

curvature of the Universe, 18

curve of growth, 333

cusps of dark halos, 99, 217, 218, 223, 402

D4000 break, 39

damped Lyman-α absorbers, 332, 336

dark ages, 310, 315

dark energy, 20, 21

dark energy era, 21

dark matter, 87–99, 191, 195–224, 356

baryonic, 197

cold, see cold dark matter

hot, see hot dark matter

in dwarf galaxies, 171

in early-type galaxies, 145, 155, 158

in star-forming galaxies, 87–99

non-baryonic, 197

self-interacting, 198

warm, see warm dark matter

dark matter halos, 97, 195–224

cores, 99, 217, 218, 223, 402

cusps, 99, 217, 218, 223, 402

density profiles, 215–219

kinematics, 213, 223

mass function, 209

merger history, 211

minihalos, 317

Navarro–Frenk–White profile, 98, 102, 215,

353

observational evidence, 195

pseudo-isothermal profile, 98

shape, 219–221

spin parameter, 223, 352

structure, 213–222

subhalos, 220, 221

substructures, 219, 221

triaxiality, 219, 220, 357

virialisation, 202, 351

datacubes, 89, 90

de Vaucouleurs R1/4 law, 128, 146, 372

de Vaucouleurs classification, 28

deceleration parameter, 23

decoupling

of neutrinos, 20, 27, 197

of photons, 24, 27, 196

decrement of flux, 338

delay-time distribution, 273

density contrast of cosmological perturbations,

198

density field of galaxies, 440

density parameter, cosmological, 19

density waves, 248, 252, 361, 362

depletion into dust, 81

depletion time, 85, 382, 385, 485

depth of surveys, 444

dEs, see dwarf galaxies, elliptical

desorption, 243

deuterium, 27, 319

diffraction-limited resolution, 437

diffuse matter, see interstellar medium

dimming of surface brightness, 17

dIrrs, see dwarf galaxies, irregular

disc flaring, 120

disc galaxies, see star-forming galaxies

disc instabilities, 365

disc-to-bulge ratio, 33

discs, see also star-forming galaxies

bulge–disc decomposition, 57

angular momentum, 101, 102

angular speed, 58

axis ratios, 56
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bending modes, 367

central surface brightness, 56, 57

centrifugal equilibrium, 354

colour gradients, 63

differential rotation, 91

dynamical heating, 364

evolution, 269

exponential, 55, 58, 89, 102, 359

formation, 63, 350–365, 390

Freeman law, 56

inclination, 56

inside-out formation, 63, 390

kinematically cold, 87

kinematically hot, 97

metallicity gradients, 63

of gas, 357

scaleheight, 56, 95, 110

scalelength, 56, 63, 353

sizes, 352

stellar, 54, 55, 357

supercritical, 250

surface brightness, 56

surface brightness profiles, 57, 58

thick, 57, 110, 364

thin, 110

total luminosity, 58

viscosity, 359

warps, 93, 168, 357

discy galaxies, 127, 128, 137

dispersion measure, 82

dispersion relation, 245

dissipationless collapse, 370, 371

dissipative collapse, 354, 370,

371, 375

distance

angular diameter, 16, 150, 157

comoving, 13, 15

horizon, 16, 207

luminosity, 16

proper, 13, 15, 16

distance indicator, 101

distance modulus, 507

distances, cosmological, 15

distant galaxies, 441–469, 516

at very high redshift, 466, 467

morphology, 451

selection, see selection of distant galaxies

surveys, 443, 446, 469

distant red galaxies, 453

distribution function, phase-space, 149, 517

distribution functions, 42–440

DLAs, see damped Lyman-α absorbers

Doppler parameter, 333

Doppler shift, 89, 516

downsizing, 140, 472, 479, 485, 486

drag force, 258, 529

dropout galaxies, see Lyman-break galaxies

dSphs, see dwarf galaxies, spheroidal

dust, 30, 65, 67, 78, 79, 81, 108, 144, 145, 435–437,

459

in distant galaxies, 451

in early-type galaxies, 144, 145

in star-forming galaxies, 78

dust absorption, 78

dust extinction, 30, 78, 79, 81, 108, 435–437

dust grains, 36, 52

dust reddening, 30, 80, 436

dust scattering, 78

dusty galaxies, 460

duty cycle of active galactic nuclei, 296,

299, 380

dwarf associations, 166

dwarf galaxies, 29, 54

blue compact, 108

classical, 172

elliptical, 125

feedback, 389

formation, 401–403

gas content, 170, 171, 385

irregular, 54, 168, 401

rotation curves, 92

spheroidal, 125, 159, 168, 196, 401

transition types, 168

ultrafaint, 159, 172, 196, 401

dynamical friction, 177, 221, 224, 301, 302, 357, 367,

374, 398, 402, 419

Chandrasekhar formula, 302

heating, 301

dynamical mass, 146, 160, 439, 440

dynamical modelling, 147

based on distribution functions, 149

Jeans modelling, 147

Schwarzschild method, 149

dynamical spirals, 363

dynamical time, 237

E+A systems, 140

early-type galaxies, 28, 125–162, 195, 369–374,

395–400, 455, 478, 479, 481, 483, 488

λRe parameter, 134

age–mass relation, 138

age–metallicity degeneracy, 138

black hole mass–velocity dispersion relation, 161,

162

boxy, 127, 128, 137

central velocity dispersion, 132–134, 146, 155, 156,

159, 161

colour gradients, 140

colour–magnitude relation, 137

cored galaxies, 129, 137

coreless galaxies, 129, 130, 137

counter-rotating cores, 136
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dark matter, 145, 155, 158

discy, 127, 128, 137

dust, 144, 145

dwarf elliptical galaxies, 125

E+A systems, 140

elliptical galaxies, 28, 125–162, 369–374,

395–400

ellipticity, 126, 130

evolution, 483

extra light, 129

Faber–Jackson relation, 158–160

fast rotators, 133, 144, 395, 398

formation, 369–374, 395–400, 400

fundamental plane, 156, 157, 159, 160, 488

interstellar medium, 141–145, 149

isophotes, 126, 127, 130

kinematically distinct cores, 136, 137, 397

kinematics, 130

Kormendy relation, 158, 160

lenticular galaxies, 28, 125, 129, 481

light deficit, 129

line-of-sight velocity dispersion, 131,

134, 135, 147, 518

line-of-sight velocity distribution, 131, 133, 134,

518

Magorrian relation, 161

mass distribution, 145–156

scaling relations, 137, 138, 156–162

size–stellar mass relation, 160

slow rotators, 133, 144, 395

stars, 126–141

stellar mass fundamental plane, 157, 160

stellar populations, 137–141

structure, 126

substructures, 130

surface brightness, 127

ultraviolet upturn, 141

velocity dispersion–stellar mass relation, 160

X-ray emission, 141, 149

eddies, 259, 530

Eddington bias, 444

Eddington luminosity, 293, 324

Eddington mass accretion rate, 293, 329, 417

Eddington ratio, 294

effective models, see subgrid prescriptions

effective radius, 31, 127, 146, 161, 437

Einasto profile, 216, 219

Einstein angle, 152, 153

Einstein equations, 18

Einstein radius, 152, 154

Einstein rings, 150–152

Einstein–de Sitter cosmology, 22

electric dipole, 75

electrical conductivity, 530

electromagnetic spectrum, 502

ellipsoids, 127

elliptical galaxies, see also early-type galaxies, 28,

125–162, 369–374, 395–400

elliptical radius, 126

ellipticity, 126, 130

emission coefficient, 520, 521

emission processes, 520–525

emissivity, 521

encounters of galaxies, 299, 307

high-speed, see fly-bys

energy equation, 527

energy loss function, 232

entropy, 181, 183–185

environment, 163–194, 440, 481

environmental effects, 481

environmental quenching, 378, 399, 402, 407, 408

EoR, see epoch of reionisation

epicycle frequency, 249

epoch of reionisation, 338

equation of state

cosmological, 19

of gas, 526

equivalence, 22, 27

of matter and dark energy, 22, 27

of matter and radiation, 22, 27

equivalent temperature of the transition

energy, 66

equivalent width, 39, 178

eras, cosmic, 21

EROs, see extremely red objects

escape fraction, 343, 468

escape speed, 86

Euler equation, 244, 248, 525

Eulerian derivative, 526

Eulerian hydrodynamic codes, 416

evaporation, thermal, 378

evolution

chemical, see chemical evolution

of galaxies, 470–496

pure density, 440

pure luminosity, 440

secular, see secular evolution

ex situ star formation, 374, 375, 395–397

excitation temperature, 344, 349, 505

exponential discs, 55, 58, 89, 102, 359

extended Press–Schechter formalism, 210, 212, 213,

218, 222

extinction, 30, 78, 79, 81, 108, 435–437

extraplanar gas, 85

extremely red objects, 452

Faber Jackson relation, 158–160

Fanaroff–Riley I and II radio galaxies, 49

Faraday rotation, 82

fast rotators, 133, 144, 395, 398

feedback, 283–292, 299, 325, 491

chemical, 327
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ejective, 388

energy-driven winds, 291

from active galactic nuclei, 144, 224, 292–299, 378,

379, 417, 491

from Population III stars, 325–327

galactic winds, 60, 75, 86, 289–291, 358

kinetic, 293, 326, 417

mechanical, 293, 326, 417

momentum-driven winds, 292

positive and negative, 292

preventive, 389

quasar mode, 294, 417

quenching by, 379

radiative, 293, 326

radio mode, 294, 296, 417

stellar, see stellar feedback

thermal, 417

Fermi bubbles, 124

field galaxies, 186

Field instability criterion, 232

filaments

cosmic, 186, 213, 335

of gas, 241, 381

filtering mass, 316

filtering wavelength, 316

filters, 502, 508

broad-band, 509

narrow-band, 457, 509

transmission curve, 508

first galaxies, 328, 348

first stars, 324, 328, 348

flaring of gas discs, 120

fluids, 525, 526, 529

viscous, 359, 529

flux, 16, 503

bolometric or total, 503

fly-bys, 62, 299, 365

forbidden lines, 34, 70, 73

formation

hierarchical models, 370, 371, 375

hybrid models, 372

monolithic models, 370, 375

of bulges, 369–374

of dwarf galaxies, 401–403

of early-type galaxies, 369–374,

395–400

of pseudobulges, 365, 365, 367, 368

of spheroids, 369–374

of stellar halos, 375

Fornax dwarf spheroidal galaxy, 62

fossil galaxies, 401

fossil groups, 167

fountains, see galactic fountains

FR, see Fanaroff–Riley

free streaming of dark matter particles, 197, 208

free-fall time, 83, 246

free-free emission, see bremsstrahlung

Freeman law, 56

freeze-out, 313

Friedmann equations, 18, 19

fringe interference, 91

frosting effect, 431

full spectral fitting, 138

full width at half-maximum, 39

full width at zero intensity, 40

fundamental metallicity relation, 486

fundamental observers, see comoving observers

fundamental plane, 156, 157, 159, 160, 488

edge-on, 157, 159

face-on, 157, 159

stellar mass, 157, 160

tilt, 158, 160

G-dwarf problem, 393

Galactic, see Milky Way

galactic cannibalism, 177, 398

galactic coronae, 193, 358, 386, 387

cooling, 386

gas accretion, 386

galactic fountains, 86, 290, 358, 387

galactic winds, 60, 75, 86, 289–291, 358

galaxies

at high redshift, see distant galaxies

disc, see star-forming galaxies

distant, see distant galaxies

dwarf, see dwarf galaxies

first, see first galaxies

late-type, see star-forming galaxies

spiral, see star-forming galaxies

star-forming, see star-forming galaxies

starburst, see starburst galaxies

Galaxy, see Milky Way

Gamma function, 44, 216

gamma-ray bursts, 468, 469

gas

atomic, see neutral atomic gas or ionised gas

collisionally ionised, see collisionally ionised gas

equation of state, 526

in clusters of galaxies, see intracluster medium

in galaxies, see interstellar medium

ionised, see ionised gas

molecular, see molecular gas

neutral atomic, see neutral atomic gas

photoionised, see photoionised gas

pregalactic, 315, 316

primordial, see primordial gas

gas accretion, 85, 234–241, 382–388, 394

cold mode, 239, 381, 384

hot mode, 239–241

in absorption, 85

selective, 357

via minor mergers, 384
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gas critical density, 70

gas fraction, 78, 100, 434

gas inflows, 440

gas outflows, 85, 440

gas-to-dust ratio, 436

gas-to-stellar-mass ratio, 47

Gauss–Hermite series, 133

Gaussian random field, 209

giant molecular clouds, 121, 244, 247–253, 364

Gini coefficient, 439

global anisotropy parameter, 136

globular clusters, 62, 114, 196, 376

GMCs, see giant molecular clouds

gravitational lensing, 145, 150–155, 160, 166, 185,

195, 466, 518

circularly symmetric lens, 150

convergence, 153–155, 519

cosmic shear, 150

critical surface density, 154

deflection angle, 151, 153, 519

Einstein angle, 152, 153

Einstein radius, 152, 154

Einstein rings, 150–152

gravitational arcs, 150, 153, 154

lens equation, 151, 519

lens plane, 150–152, 154

optical axis, 151

reduced deflection angle, 151, 152

shear, 150, 153, 154, 519

strong, 150, 152, 154, 160

thin lens approximation, 150, 151

weak, 150, 154, 155

gravitational potential energy, 146

gravitational radius, 146, 307, 308

GRBs, see gamma-ray bursts

green valley, 41

grey body, 36, 522

groups of galaxies, 165–174, 195

Local Group, 165, 167–174, 401, 402

X-ray emission, 166

growth factor of cosmological perturbations,

200

guide stars, 438

Gunn–Peterson effect, 339, 340

H2, see molecular hydrogen

H I, see neutral atomic gas

H II regions, 34, 69, 111

electron density, 73

temperature, 73

half-light radius, see effective radius

half-mass radius, 158

halo abundance matching, 404, 405, 413

halo finders, 213

halo gas, see circumgalactic medium

halo quenching, see mass quenching

halos

dark, see dark matter halos

of hot gas, 141, 193

radio, 178, 184

stellar, 54, 62, 375

harassment, 299, 420

hardness ratio, 463

Harrison–Zeldovich power spectrum, 207, 208

Hayashi track, 263

HDM, see hot dark matter

heating

by cosmic rays, 124, 229, 231

by photoionisation, 229, 326

by shocks, 235

Compton, 231

helium, 27, 314

helium abundance, 27

helium hydride ion, 318

helium recombination, 314

helium reionisation, 341

Hermite polynomials, 133

Hertzsprung–Russell diagram, 105, 278, 510

Hickson compact groups, see compact groups

hierarchical galaxy formation models, 370,

371, 375

hierarchical merging, 211

high surface brightness galaxies, 56

high-speed encounters, see fly-bys

high-velocity clouds, 120

Hill approximation, 304

Hill radius, 304

HIM, see hot intracloud medium

homoeoids, 88

homogeneity of the Universe, 13

homology of stellar systems, 158

horizon, cosmological, 16, 207

horizontal branch, 513

hot dark matter, 197

hot intercloud medium, 121

HSBs, see high surface brightness galaxies

Hubble classification, 3, 4, 470

Hubble constant, 14, 21

Hubble flow, 14, 516

Hubble parameter, 14, 16, 19

Hubble sequence, see Hubble classification

Hubble time, 14

Hubble–Lemaı̂tre law, 14

hybrid galaxy formation models, 372

hydrodynamic codes

Eulerian, 416

Lagrangian, 416

hydrodynamic simulations, 215, 415–418

hydrodynamics, 525

energy equation, 527

Euler (or momentum conservation) equation, 244,

248, 525
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mass conservation (or continuity) equation, 244,

525

viscous terms, 529

hydrogen

ionised, see ionised gas

molecular, see molecular hydrogen

neutral atomic, see neutral atomic gas

hydrogen burning limit, 264

hydrogen deuteride, 319

hydrostatic equilibrium, 119, 149, 185, 253,

255, 387

of a self-gravitating slab, 110

of discs, 119

ICM, see intracluster medium

ideal fluids, 526, 529

IFUs, see integral field units

IGM, see intergalactic medium

IMF, see initial mass function

in situ star formation, 374, 375, 395–397, 399

inclination of discs, 56

inflation, 23, 27, 207

inflows of gas, 440

initial mass function, 36, 263–265, 268, 277, 278, 327,

424, 426, 429, 431

instability

Field criterion, 232

Jeans, 244–247

thermal, 118, 231, 232, 252, 380

violent disc, 374, 396, 398

instantaneous mixing, 274

instantaneous recycling approximation, 274, 383, 411

integral field spectroscopy, 89, 131, 457

integral field units, 89

integrated flux, 36

integrated light from galaxies, 64, 277

intensity, 503

intensity mapping, 346

interacting galaxies, 163

interferometers, 91

intergalactic medium, 192, 325, 331–343, 448, 468

metallicity, 336, 337, 389

warm-hot, 193

internal quenching, see mass quenching

interstellar dust, see dust

interstellar medium, 35, 65–87, 170, 171,

433–437

average pressure, 118, 256

Baldwin–Phillips–Terlevich diagram, 433

carbon monoxide, 67

column density, 66

diagnostic diagrams, 433

dilution of the metallicity, 270

enrichment, 270

evolution, 266–270, 485

gas consumption, 266–270

metallicity, 104

molecular, see molecular gas or molecular hydrogen

neutral atomic gas, 34, 47, 65, 67, 87, 118, 144,

344

of distant galaxies, 451

of early-type galaxies, 141–145, 149

of star-forming galaxies, 65–87, 451

of the Milky Way, 117–124

phases, 65, 69, 118

porosity, 71

Reynolds number, 259

scaleheight, 97

three-phase model, 121

turbulence, 258

intracluster light, 177, 375

intracluster medium, 174, 178–182, 378

density, 181

entropy, 181, 184, 185

metallicity, 178, 179

temperature, 181

intragroup medium, 166

ionisation fraction, 71

ionisation parameter, 336

ionisation potential, 69, 71, 74

ionised gas, 69, 74, 120

IRA, see instantaneous recycling approximation

irregular galaxies, 28

ISM, see interstellar medium

isochrones, 278

isophotes, 30, 126, 127, 130

boxy, 127, 137

discy, 127, 137

of early-type galaxies, 126, 127, 130

isothermal fluids, 526

isothermal shocks, 528

isothermal sphere, 88, 152, 153, 156, 216

isotropic rotators, 136

isotropy of the Universe, 13

J-ladder, 434

Jeans equations, 147, 185

Jeans instability, 244–247

Jeans length, 208, 245, 316

Jeans mass, 196, 246, 316

cosmological, 316

Jeans modelling, 147

Jeans swindle, 244

jets

in active galactic nuclei, 49, 296

stellar, 262

Johnson–Cousins system, 508

jump conditions, 528

K correction, 446, 459

morphological, 30, 470

K+A systems, see E+A systems
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Kelvin–Helmholtz instability, 385

Kennicutt law, see Schmidt–Kennicutt law

Keplerian fall of rotation curves, 88

kinematically distinct cores, 136, 137, 397

kinetic energy, 146

kinetic energy tensor, 136, 518

King analytic profile, 176, 182

Kolmogorov theory, 259

Kolmogorov–Obukhov law, 531

Kormendy relation, 158, 160

Kroupa initial mass function, 264

Lagrangian derivative, 526

Lagrangian hydrodynamic codes, 416

Lagrangian points, 303

Lane–Emden equation, 254

Large Magellanic Cloud, 81, 169

large-scale structure, 188–191, 213

Larson initial mass function, 264, 327

Larson second law, 257

last scattering surface, 24, 314

late-type galaxies, see star-forming galaxies

LBGs, see Lyman-break galaxies

lensing, see gravitational lensing

lenticular galaxies, see also early-type galaxies, 28,

125, 129, 361, 399, 481

LF, see luminosity function

Lick indices, 138, 432

limiting flux, 444

limiting magnitude, 444

Lindblad resonances, 362

line profiles, 131, 133, 148

damping wings, 333

global, 94, 100

Lorentzian, 333

Voigt, 333

line-of-sight velocity dispersion, 131, 134, 135, 147,

518

line-of-sight velocity distribution, 131, 133, 134, 518

line-of-sight velocity, mean, 518

lithium, 27, 314, 319

lithium hydride, 319

lithium recombination, 314

LLSs, see Lyman-limit systems

LMC, see Large Magellanic Cloud

Local Group, 165, 167–174, 401, 402

chemical pattern, 172

galaxies, 167, 168

segregation of dwarf galaxies, 170

star formation histories, 172

local standard of rest, 111

local thermodynamic equilibrium, 523

logarithmic gravitational potential, 251

look-back approach, 483

look-back time, 22

Lorentz profile, 333

LOSVD, see line-of-sight velocity distribution

low surface brightness galaxies, 56

LSBs, see low surface brightness galaxies

LSS, see large-scale structure

LTGs, see star-forming galaxies

luminosity, 16, 503

bolometric or total, 504

mechanical, 286

luminosity density, 44, 475

luminosity distance, 16

luminosity function, 43, 176, 403, 440

luminosity-weighted quantities, 431

luminous infrared galaxies, 107

Lyman continuum, 71

Lyman series, 69

Lyman-α, 333, 467

Lyman-α cross section, 339

Lyman-α forest, 193, 331–333

Lyman–Werner photons, 326

Lyman-break galaxies, 447, 448

Lyman-limit systems, 85, 334, 336

M20 parameter, 439

M 31, 14, 62, 167, 373, 402

M 32, 126, 168, 401

M 33, 63, 72, 168

Mach number, 527

Magellanic Stream, 169

magnetic field, 81, 122, 234, 257, 529, 530

Alfvén velocity, 258

ambipolar diffusion, 261

Faraday rotation, 82

flux freezing, 257

magnetic breaking, 262

magnetic critical mass, 257

magnetic flux, 258

magnetic waves, 258

magnetosonic waves, 258

polarisation of stellar light, 123

pressure, 530

tension, 530

Zeeman effect, 123

magnetohydrodynamics, 529

magnitude

AB, 506, 507

absolute, 506, 507

apparent, 506

bolometric absolute, 508

solar, 508

Vega, 507

Magorrian relation, 161

main sequence

of star-forming galaxies, 105, 411, 475

of stars, 278, 512

main-sequence time, 267

Malmquist bias, 444
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mass conservation equation, 244, 525

mass loss from stars, 86, 266, 267, 274, 407

mass quenching, 378, 396, 405, 408

mass variance, cosmological, 206, 209

mass–metallicity relation, 64, 104, 139

mass-anisotropy degeneracy, 133, 148, 149,

155

mass-to-light ratio

stellar, 59, 101, 158, 279

total, 158

matter component of the Universe, 20

matter era, 22

maximum disc, 95

Maxwellian distribution, 72, 74, 333, 522

mean atomic (or molecular) weight, 65, 526

mean free path, 24, 259

merger history, 211

merger mass ratio, 212

merger quenching, 379

merger rate, 164, 165, 211, 212

merger rate evolution, 472

merger remnants, 307

merger timescale, 305, 306

merger tree, 211

mergers, 62, 108, 163–165, 211, 212, 299–309, 371,

396, 472

binary, 300

dissipationless, see mergers, dry

dissipative, see mergers, wet

dry, 163, 300, 307, 372, 396, 408

major, 211, 300, 382

minor, 211, 300, 384, 396

multiple, 300

of dark matter halos, 211

of disc galaxies, 371–373, 379, 396, 398

of galaxies, 163, 299–309, 371–373, 379, 396–398,

407, 408

of spheroids, 372, 396–398, 408

of supermassive black holes, 309

orbital parameters, 305, 306

wet, 163, 300, 309, 372, 396, 407

merging, see merger or mergers

metal abundance, see metallicity

metal enrichment, 325

metallicity, 36, 64, 104, 137, 139, 144, 280, 486, 513,

515

evolution, 486

of discs, 63

of the intergalactic medium, 336, 337, 389

of the interstellar medium, 104

of the intracluster medium, 179

solar, 515

stellar, 104, 488

metallicity distributions of individual stars, 393

metallicity gradients, 63, 179, 391, 392

microwave diminution, 181

migration, see radial migration

Milky Way, 14, 108–124, 373

bar, 113

bulge, 113, 368

centre, 124

corona, 387

disc, 109, 110

gas accretion, 120, 383

globular clusters, 114

interstellar medium, 117–124

magnetic field, 124

metallicity, 364, 393

metallicity gradient, 109, 111

star formation history, 383

stellar components, 108–117

stellar disc, 109

stellar halo, 114

stellar streams, 114

thick disc, 110

thin disc, 110

velocity dispersion, 110

virial radius, 170

missing baryon problem, 191, 192

missing satellite problem, 172, 403

modes of perturbations, 248

modified Newtonian dynamics, 97

molecular clouds, 75, 122, 241, 244, 246, 253, 256,

261

age, 122

collapse, 261

dense cores, 121, 244, 247, 256

equilibrium, 253

giant, see giant molecular clouds

magnetic field, 257

turbulence, 122, 256

virial theorem, 256

molecular gas, 67, 75, 76, 246

photodissociation, 68, 76, 242, 326

molecular hydrogen, 75, 144, 318

critical density, 322

molecules

formation, 242

primordial, 318, 348

momentum conservation equation, 244, 248, 525

MOND, see modified Newtonian dynamics

monolithic galaxy formation models, 370, 375

morphology evolution, 470

morphology of galaxies, 28–34, 437, 451, 470

morphology–density relation, 171, 186, 399

N-body simulations, 365, 396, 415

narrow-line regions, 52

Navarro–Frenk–White profile, 98, 102, 215, 353

Navier–Stokes equation, 529

neutral atomic gas, 34, 47, 65, 67, 87, 118, 144, 344

neutral fraction, 71
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neutrinos, 20, 197

decoupling, 20, 27, 197

NFW, see Navarro–Frenk–White

nightglow, see airglow

NLRs, see narrow-line regions

non-baryonic dark matter, 197

non-homology of stellar systems, 160, 219

non-parametric morphological indices, 438

non-relativistic particles, 20, 197

nucleosynthesis, primordial, 26, 27, 197

number density of galaxies, 43

O/B associations, 289

observables of galaxies, 422

observers, comoving, 13

Ohm’s law, 530

open clusters, 111

optical depth, 292, 520

effective, 338

Gunn–Peterson, 339

outflows of gas, 85, 440

overdensities, cosmological, 200, 201

overshining effect, 431

oxygen, 70, 104

PAHs, see polycyclic aromatic hydrocarbons

pair instability supernovae, 325

passive galaxies, see early-type galaxies

peculiar galaxies, 163

peculiar velocities of galaxies, 14, 516, 517

permitted lines, 34, 70

phase mixing, 301

phase space, 133, 517

phase-space density, see distribution function,

phase-space

phases of the interstellar medium, 65, 69, 118

photo-z, see photometric redshift

photodisintegration, 325

photodissociation, 68, 76, 242, 326

photoelectric absorption, 53

photoevaporation, 326

photoheating, see photoionisation heating

photoionisation, 69, 76, 326, 336

photoionisation heating, 229, 326

photoionised gas, 69–74, 120

photometric redshift, 422, 423

photon decoupling, 24, 27, 196

PISNe, see pair instability supernovae

pitch angle, 248

Planck function, 521

Planck time, 23, 27

planetary nebulae, 513

point spread function, 437

Poisson equation, 199, 244, 248, 253

polycyclic aromatic hydrocarbons, 36

Population I stars, 114, 321

Population II stars, 114, 321

Population III stars, 117, 321–328, 348

collapse, 321

feedback, 325–327

initial mass function, 327

populations, stellar, 30, 277, 430

position angle, 93, 126

post-starburst galaxies, 481

power spectrum

cosmological, see cosmological power spectrum

of the cosmic microwave background, 25

of turbulence, 259, 531

power-law galaxies, see coreless galaxies

preheating, see feedback, preventive

prescriptions, subgrid, 416

Press–Schechter formalism, 209

extended, 210, 212, 213, 218, 222

pressure equilibrium, 118, 255

pressure-confined clouds, 245

primeval fireball, 310

primordial gas, 318

cooling, 317–321

primordial nucleosynthesis, 26, 27, 197

progenitor bias, 397, 446

protoclusters, 466, 481

protostars, 323

pseudo-isothermal density profile, 98

pseudobulges, 59, 365, 366

formation, 365, 365, 367, 368

PSF, see point spread function

Q parameter, Toomre, 250

QSOs, see quasars

quasar mode feedback, 294, 417

quasars, 48, 329, 468

peak of activity, 342

radio-loud, 49

radio-quiet, 49

quasi-stars, 330

quasi-stellar objects, see quasars

quenching, 377–380

by negative feedback, 379

environmental, 378, 399, 402, 407, 408

mass, 378, 396, 405, 408

merger, 379

quiescent galaxies, see early-type galaxies

r-processes, 272

radial migration of stars, 58, 270, 360

radiation component of the Universe, 20

radiation era, 22

radiation temperature, 315

radiative association reaction, 318

radiative cooling, 225–239, 317,

320, 357

of primordial gas, 317–321
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radiative processes, 520–525

radiative transfer, 520

radio galaxies, 49, 177, 296, 463

at high redshift, 462

broad-line, 49

Fanaroff–Riley I and II, 49

head–tail, 177

narrow-line, 49

radio halos, 178, 184

radio lobes, 296

radio mode feedback, 294, 296, 417

radio relics, 177

radio telescopes, 89

radio–infrared correlation, 428

ram-pressure stripping, 171, 224, 302, 304,

402, 420

Rankine–Hugoniot equations, 75, 528

Rayleigh criterion, 390

Rayleigh–Jeans approximation, 522

recipes, see prescriptions

recombination, 69, 226

cosmological, 24, 27, 196, 310–314, 343

of helium, 314

of lithium, 314

recombination lines, 69, 523

recombination spectrum, 344

red giant branch, 513

red sequence, 40

reddening, see colour excess and dust

redshift

cosmological, 14, 15, 422, 516

photometric and spectroscopic, 422, 423

reduced mass, 306

reflection nebulae, 78

reionisation, 24, 27, 310, 338

epoch of, 338

models, 342

observational evidence, 338

of helium, 341

relativistic particles, 20, 197

relaxation, 300

collisionless, 300, 301

two-body, 300

violent, 301, 370

relics, radio, 177

resolution

spatial, 90

spectral, 37, 90

resonant scattering, 331

reverse shocks, 286

Reynolds number, 259

richness of clusters of galaxies, 175

ring galaxies, 163

ripples, see shells

Roche radius, see Hill radius

rotation curves, 87, 91–94, 102, 390

asymmetric drift, 97

differential rotation, 91

flat, 87

Keplerian fall, 88

mass decomposition, 94, 95

maximum disc, 95

shapes, 91, 93

tilted-ring model, 93

rotation instability, 390

rotation measure, 82

rotation velocity, 100

Rydberg formula, 523

s-processes, 272

S0 galaxies, see lenticular galaxies

Sérsic galaxies, see coreless galaxies

Sérsic index, 31, 128, 137, 162, 188, 216, 370

Sérsic law, 31, 128, 129, 146, 177, 216, 370

Sérsic profile, see Sérsic law

Sagittarius A∗, 124

Sagittarius dwarf galaxy, 114

Sagittarius stream, 114

Saha equation, 311, 522, 523

Salpeter initial mass function, 263

SAMs, see semi-analytic models

satellite galaxies, 378

satellite quenching, see environmental quenching

scale factor, 13, 15, 199

scale radius of dark matter halos, 215, 216

scaling laws, see scaling relations

scaling relations

evolution, 488

of clusters of galaxies, 184, 185

of early-type galaxies, 137, 138, 156–162

of galaxies, 99–106, 137, 138, 156–162, 408–415

of star-forming galaxies, 99–106, 410

Scalo birthrate parameter, 106

Scalo initial mass function, 264

scattering

by dust, 78

Compton, 53, 231, 315

inverse Compton, 52, 180, 231

resonant, 331

Thomson, 24, 196, 231, 293, 311, 341

Schechter function, 43, 176, 440

Schmidt–Kennicutt law, 83, 417

Schwarzschild criterion, 184

Schwarzschild method, 149

Schwarzschild radius, 292

Sculptor dwarf spheroidal galaxy, 114

secular evolution, 358, 390

SED, see spectral energy distribution

Sedov solution, 285

seeing disc, 437

selection of distant galaxies, 441–469

in radio, 462
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in the infrared to millimetre, 459

in the near-infrared, 452

in X-rays, 463

optical, 447–449

with integral field spectroscopy, 457

with narrow-band imaging, 457

with slitless spectroscopy, 457

self-shielding, 76, 242

semi-analytic models, 419

Seyfert galaxies, 49

SFGs, see star-forming galaxies

SFMS, see star formation main sequence

SFR, see star formation rate

shape of dark matter halos, 219–221

shear

in gravitational lensing, 150, 153, 154, 519

of gas, 359

shear viscosity, 529

shell galaxies, 163

shells, 130

SHMR, see stellar-to-halo mass relation

shock heating, 235

shock radius, 236

shocks, 74, 86, 286, 367, 527

isothermal, 528

jump conditions, 528

signal-to-noise ratio, 443

simple stellar populations, 277

simulations

cosmological, see cosmological simulations

hydrodynamic, 386, 388, 415

subgrid prescriptions, 416

N-body, 365, 396, 415

of galaxy mergers, 418

of individual galaxies, 365, 418

single-dish telescopes, 91

singular isothermal sphere, 88, 152, 153,

156, 216

size evolution of galaxies, 470

size–stellar mass relation, 106, 160

sizes of galaxies, 33

sky background, 442

SLED, see spectral line energy distribution

slitless spectroscopy, 458

slow rotators, 133, 144, 395

Small Magellanic Cloud, 169

SMBHs, see supermassive black holes

SMC, see Small Magellanic Cloud

SMF, see stellar mass function

SMGs, see submillimetre galaxies

smoothed particle hydrodynamics, 416

SNe, see supernovae

SNRs, see supernova remnants

solar absolute magnitudes, 508

solar abundance, 515

solar neighbourhood, 110, 111, 119, 120

Solomon process, 326

Soltan argument, 295

sound horizon, 26

sound speed, 235, 244, 258, 527

source function, 520

spaxels, 89, 458

specific angular momentum, 101, 351, 352, 388, 390

retained fraction, 352

specific angular momentum–stellar mass relation, 101

specific intensity, 503

specific star formation rate, 106, 429, 477

spectra

of galaxies, 34–42, 276–283

Balmer jump, 39

continuum discontinuities, 433

D4000 break, 39

of stars, 278

synthetic, 277, 282

spectral energy distribution, 34, 36

photometric, 37

spectral index of the cosmological power spectrum,

206

spectral line energy distribution, 434

spectral lines

doublets, 70

forbidden, 34, 70, 73

line ratios, 73, 74

permitted, 34, 70

thermal broadening, 69, 118

spectral regions, 502

spectroscopic redshift, 422, 423

spectroscopy, 89

2D, 90

datacubes, 89, 90

integral field units, 89

long-slit, 89, 90

spectrum of the Universe, 492

SPH, see smoothed particle hydrodynamics

sphere of influence, 162

spherical collapse model, 200, 201

spheroids, see also early-type galaxies, 125, 370

formation, 369–374

spin of galaxies, 306

spin parameter, 223, 352

spin temperature, 344, 505

spiral arms, 58, 248, 252, 361, 362, 364

density waves, 248, 252, 361, 362

formation, 361

grand design, 58

leading and trailing, 252, 362

pattern speed, 361

pitch angle, 58

swing amplifier, 362

tightly wound, 248

spiral galaxies, see star-forming galaxies

spiral pattern speed, 252
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SPS models, see stellar population synthesis models

sSFR, see specific star formation rate

SSPs, see simple stellar populations

standard candles, 111

standard stars, 507

star formation, 241, 241, 265

ex situ, 374, 375, 395–397

in situ, 374, 375, 395–397, 399

self-regulated, 86

star formation efficiency, 263

star formation evolution, 473, 474

star formation history, 36, 64, 268, 281, 380, 389, 395

exponentially declining, 380, 383

star formation laws, 83

star formation main sequence, 105, 411, 475

star formation rate, 55, 64, 75, 78, 83, 85, 106, 268,

282, 424, 429

Scalo birthrate parameter, 106

specific, 106, 429, 477

star formation rate density, 474, 475

star formation rate indicators, 424, 425, 427–429

star formation rate surface density, 83

star formation timescale, 268, 359

star-forming galaxies, see also discs, 28, 54–124, 195,

449, 453, 488

anaemic spirals, 176

bulgeless, 59

colours, 63

dark matter, 87–99

dust, 78

formation, 350–365, 380–394

fountains, see galactic fountains

gas fraction, 78, 100

gas-to-stellar-mass ratio, 78

interstellar medium, 65–87, 357, 451

main sequence, 105, 411, 475

photometry, 63

scaling relations, 99–106, 410

size–stellar mass relation, 106

star formation history, 64, 382

stellar components, 54–65

Tully–Fisher relation, 99, 100, 411, 488

X-ray emission, 34, 35, 428, 463

starburst galaxies, 54, 55, 59, 60, 107, 412, 461, 477

luminosity function, 106

starbursts, 40, 108, 163, 309

stars, 34

asymptotic giant branch, 278, 279, 513

brown dwarfs, 264

Cepheids, 111

Chandrasekhar mass, 267

cooling sequence, 513

feedback, see stellar feedback

first, see first stars

G dwarfs, 394

giant, 279

globular clusters, 62, 114, 196, 376

Hayashi track, 263

horizontal branch, 513

isochrones, 278

main sequence, 278, 512

mass loss, 86, 266, 267, 274, 407

mass return, 86, 266, 267, 274

metallicity, 104, 488

of the stellar halo, 62

open clusters, 111

planetary nebulae, 513

Population I, see Population I stars

Population II, see Population II stars

Population III, see Population III stars

radial migration, 58, 270, 360

red giant branch, 513

remnants, 267

spectral types, 510

standard, 507

supergiant, 279

supermassive, 330

T-Tauri, 262

white dwarfs, 513

X-ray binaries, 143, 429

yields, 271, 272

starvation, 378

stellar evolution, 512

stellar feedback, 86, 224, 267, 284–292, 325, 354,

358, 376, 377, 383, 388, 402

ejective, 388

energy coupling, 388

fountains, see galactic fountains

mass return, 86, 266, 267, 274

preventive, 389

problems, 388

winds, 75, 286

stellar groups, 111

stellar halos, 54, 62, 375

formation, 375

stellar jets, 262

stellar mass, 45, 430, 431, 452

stellar mass assembly history, 395

stellar mass evolution, 479

stellar mass function, 45, 389, 403

stellar migration, 58, 270, 360

stellar population synthesis models, 277, 431

stellar populations, 30, 277, 430

composite, 281

in early-type galaxies, 137–141

simple, 277

stellar streams, 62, 111, 168

stellar systems, 517

collisional, 300

collisionless, 300, 517

homology, 158

non-homology, 160, 219

pressure-supported, 134

stellar wind bubbles, 287
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stellar winds, 75, 286

stellar-to-halo angular momentum ratio, 352

stellar-to-halo mass ratio, 352

stellar-to-halo mass relation, 403, 405

Strömgren sphere, 71

strangulation, 378

streams

of gas, see also filaments of gas, 169

stellar, 62, 111, 168

tidal, 62, 304

stripping, see ram-pressure stripping or tidal stripping

structural indices, 438

structure formation, 196–213

subgrid prescriptions, 416

subhalo abundance matching, 404, 405, 413

subhalo mass function, 221, 222

subhalos, 220, 221

submillimetre galaxies, 460, 461

subresolution recipes, see subgrid prescriptions

subsonic motions, 527

substructures

of dark matter halos, 219, 221

of early-type galaxies, 130

Sun, see solar

Sunyaev–Zeldovich effect, 179, 181, 185

superbubbles, 86, 289

blow-out, 86, 290

supermassive black holes, 51, 124, 161, 309, 329, 468

binary, 309

coalescence, 309

direct collapse, 330

first, 329

mergers, 309

seeds, 329

sphere of influence, 162

supernova explosions, 284, 327

supernova feedback, see stellar feedback

supernova rate, 291

supernova remnants, 35, 75, 284

supernovae, 21, 40, 86, 116, 280, 324, 327, 328, 513

adiabatic phase, 285

blow-away, 327

blow-out, 327

pair instability, 325

radiative phase, 285

Sedov solution, 285

snowplough phase, 286

Type Ia, 116, 140

Type II, 40, 116, 280, 324, 513

superposition principle, 244

supershells, 289

supersonic motions, 527

surface brightness, 17, 30, 56, 503, 504

cosmological dimming, 17

of discs, 56

of early-type galaxies, 127

surface brightness profiles, 30, 56, 57

surface of last scattering, 24, 314

surveys of galaxies, 443

swing amplifier, 362

synchrotron radiation, 49, 52, 286, 296, 524

systemic velocity, 91

SZE, see Sunyaev–Zeldovich effect

telescopes, 10, 11

radio, 89

single-dish, 91

telluric lines, 443

temperature anisotropies, 24

TFR, see Tully–Fisher relation

thermal conduction, 234, 378

thermal evaporation, 378

thermal history of the Universe, 27

thermal instability, 118, 231, 232, 252, 380

thermal relics, 197

thermal speed, 74

thermally pulsating asymptotic giant branch stars, 278

thermodynamic equilibrium, 522

local, 523

thick discs, 57, 110, 364

formation, 364

thin discs, 110

Thomson cross section, 179, 293

Thomson scattering, 24, 196, 231, 293, 311, 341

three-body problem, circular restricted, 303

three-phase model of the interstellar medium, 121

tidal forces, 302

tidal radius, 303

tidal stirring, 402

tidal streams, 62, 304

tidal stripping, 171, 221, 302, 402, 420

tidal tails, 303

tidal torques, 223, 351, 357

tightly wound spiral, 248

Toomre instability criterion, 250

top-heavy initial mass function, 265

torus, dusty, 52

tracer populations, 147

transfer function of the cosmological power

spectrum, 207

transient spirals, 362

transitions

electronic, 75

fine structure, 68

rotational, 34, 75

vibrational, 34, 75

triaxiality of dark matter halos, 219, 220, 357

Tully–Fisher relation, 99, 100, 411, 488

baryonic, 101

turbulence, 69, 118, 119, 258, 385

cascade, 530

dissipation scale, 530
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energy power spectrum, 259, 531

Kolmogorov theory, 259

Reynolds number, 259

turbulent boundary layer ablation, 385

turbulent pressure, 119, 247

turbulent wake, 385

turnaround time of overdensities, 201

two-body orbit, 305

two-body relaxation, 300

two-photon emission, 313

UFDs, see ultra-faint dwarf galaxies

ULIRGs, see ultra-luminous infrared galaxies

ultra-faint dwarf galaxies, 159, 172, 196, 401

ultra-luminous infrared galaxies, 107

ultraviolet background, 120, 229, 230

ultraviolet continuum, 37

ultraviolet upturn, 141

unstructured moving mesh, 416

UVB, see ultraviolet background

UVX method, 464

V /σ ratio, 55, 95

vacuum energy, 20, 21

velocity dispersion

central, 132–134, 146, 155, 156, 159, 161

line-of-sight, 131, 134, 135, 147, 518

of clusters of galaxies, 176

virial, 146, 307, 308

velocity dispersion tensor, 518

velocity dispersion–stellar mass relation, 160

velocity field, 91, 93

spider diagrams, 93

violent disc instability, 374, 396, 398

virial coefficient, 146

virial mass, 155, 174, 203, 307

virial radius, 155, 203, 353

virial temperature, 141, 166, 178, 234, 317, 376

virial theorem, 145, 146, 166, 171, 185, 202, 256

virial velocity dispersion, 146, 307, 308

virialisation of dark matter halos, 202, 351

viscosity, 359, 529

viscous forces, 529

viscous terms, 529

voids, cosmic, 186, 213

Voigt profile, 333

warm dark matter, 198

warm ionised medium, 120

warm neutral medium, 118

warm–hot intergalactic medium, 193

WDM, see warm dark matter

weakly interacting massive particles, 197

WHIM, see warm–hot intergalactic medium

white dwarfs, 513

Wien law, 522

WIM, see warm ionised medium

WIMPs, see weakly interacting massive particles

winding problem, 58

winds

energy-driven, 291

from active galactic nuclei, 295

galactic, 60, 75, 86, 289–291, 358

mass loading factor, 270, 291

momentum-driven, 292

stellar, 75, 286

WNM, see warm neutral medium

Wolf–Rayet galaxies, 40

Wouthuysen–Field effect, 344

XCO factor, 77

X-ray binaries, 143, 429

X-ray cavities, 296

X-ray emission

from active galactic nuclei, 48, 52, 53, 75,

463

from clusters of galaxies, 178, 185

from early-type galaxies, 141, 149

from groups of galaxies, 166

from star-forming galaxies, 34, 35, 428, 463

X-ray–infrared correlation, 429

yields, 271, 272, 275, 276

zodiacal light, 442

zoom-in simulations, 418
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