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4000Å break, 474
ΛCDM, 21, 201, 259, 682
β discrepancy, 412
κ mechanism, 468
σ8, 207
τCDM, 21
2dFGRS galaxy catalogue, 61

AB magnitude, 28
Abel integral, 277, 497
Abel transformation, 575
Abell clusters of galaxies, 67
Abell radius, 68, 410
absolute magnitude, 28
absorption

cross-section, 691
line profile, 691, 756
resonance, 691

absorption line systems, 88,
709, 714

CIV systems, 87, 740
MgII systems, 87, 739
OVI systems, 740
photoionization models of, 714

absorption lines
equivalent width of, 712
natural broadening of, 711
thermal broadening of, 710

abundance, 141
abundance ratios, 491
accretion disks, 624
accretion shock, 378, 381
acoustic peaks, 307, 310

heights of, 309
positions of, 309

acoustic waves, 167, 174, 307
action-angle variables, 238, 550
active galactic nuclei, 4, 60, 618, 619

and galaxy interactions, 564, 642
and star-forming galaxies, 632
broad-line region, 637
central engine of, 623
clustering of, 645
dark matter halos of, 645
demographics, 644
duty cycle, 646
emission lines of, 631
emission mechanisms of, 626
evolution of, 640, 644

feedback, 9, 612, 648, 664, 670, 676, 685, 687
mechanical, 650
radiative, 649

formation of, 640, 641, 646
fueling of, 641
luminosity function of, 644
narrow-line region, 637
obscuring torus, 637
supermassive black hole paradigm of, 61, 623
unified model of, 638

active galaxies, 4, 618
adiabatic baryon model, 198
adiabatic CDM model, 200
adiabatic contraction, 501, 508
adiabatic HDM model, 201
adiabatic index, 366, 748
adiabatic invariants, 502
adiabatic perturbations, 18, 166
affine connection, 742, 743, 745
affine parameter, 746
AGB, see asymptotic giant branch
age–metallicity degeneracy, 475, 536, 606
AGN, see active galactic nuclei
alpha elements, 460
ambipolar diffusion, 425, 431
Andromeda Galaxy, 72
angular correlation functions, 290
angular momentum

alignment of, 361
in disk galaxies, 502
of dark matter halos, 358

angular power spectrum, 292
angular-diameter distance, 111, 121

in gravitational lensing, 295
angular-momentum catastrophe, 409, 511
APM galaxy catalogue, 21, 61, 68
apparent magnitude, 28
arcs

caused by gravitational lensing, 297, 299
Arnold diffusion, 239
Arnold web, 239
assembly bias, 348, 678
asymptotic giant branch, 466

BzK galaxies, 80
BAO, see baryon acoustic oscillations
bar instability, 526
bars

driving secular evolution, 528
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Index 807

in disk galaxies, 39, 52, 527
pattern speed of, 528

baryogenesis, 125
baryon acoustic oscillations, 317
baryon–radiation coupling, 189
baryon-to-photon ratio, 141

and abundances of light elements, 143
BCG, see brightest cluster galaxies
bending instability, 530, 615
bias

in sampling, 266
linear, 345, 346
nonlinear, 346, 349
of dark matter halos, 346
of density peaks, 325
of galaxies, 679
of progenitors, 612
scale dependence of, 346
stochastic, 346, 350

bias parameter, 207, 325, 680
binding energy

of nucleon, 457
Birkhoff’s theorem, 92
birthline of stars, 432
BL Lac objects, 622
black dwarfs, 459, 464
black holes, 467

demographics of, 584
radius of influence, 583, 639
Schwarzschild radius, 624, 639
supermassive, 9, 47, 61, 239,

582, 623
blast waves, 399

and supernova explosion, 401
self-similar model of, 399

blazars, 623, 638
blue bump, 626, 627
Bohr radius, 755
bolometric luminosity, 26
Boltzmann equation, 133

perturbations of, 186
Bondi accretion, 644, 648
Bonnor–Ebert mass, 420
bootstrap method

of error estimate, 286
Bose–Einstein species, 127
boson stars, 639
bottom-up scenario, 11, 257
bound–bound absorption

rate of, 756
bound–bound processes, 751
bound–free processes, 751
boxy ellipticals, 46, 576
bremsstrahlung, 8, 151, 758

emissivity of, 758
thermal, 758

brightest cluster galaxies, 68
brightness temperature, 627, 631
broad-line radio galaxies, 621
broad-line regions, 620, 637
brown dwarfs, 459, 464
buckling instability, see bending instability
bulge–disk decomposition, 51, 614
bulges, 3, 50, 509, 613

colors of, 51
formation of, 530, 614

pseudo-bulges, 12, 530, 615
with boxy-peanut shape, 51, 530

bulk motion, 270
of galaxies, 272

Butcher–Oemler effect, 69, 569, 609

cannibalism
galactic, 69, 570, 664, 676, 685

canonical momentum, 168
canonical transformation, 238
canonical variables, 237
carbon-deflagration model, 469, 488
Cauchy profile, see Lorentzian profile
caustics

in gravitational lensing, 295
cD galaxies, 68, 570
CDM, see cold dark matter
central galaxies, 653, 675

colors of, 670
luminosity function of, 665

central limit theorem, 205
Cepheids, 468

as distance indicator, 33
as standard candle, 121
luminosity–period relation of, 33

Chabrier initial mass function, 442
Chandrasekhar formula of dynamical friction, 556
Chandrasekhar mass, 467, 469
chaotic inflation model, 160
chaotic mixing, 250
chemical evolution, 12, 486

closed-box model of, 488, 539
models with inflow and outflow, 490
of disk galaxies, 538

chemical potential, 128
chemical yield, 486

of low-mass stars, 486
of massive stars, 487
of Type Ia supernovae, 488

circular frequency, 504, 517, 522
circular velocity, 499
CIV systems, 86, 740
close encounters, 231
closed orbits, 239
closed-box model, 488, 539
cluster abundance normalization, 335
clusters of galaxies, 67

β discrepancy, 412
β model, 410
Abell catalogue of, 67
biased distribution of, 347
cooling flows, 413
galaxy population of, 68
mass estimates of, 69
mass-to-light ratio of, 69
Sunyaev–Zel’dovich effect, 315
transformations in, 568
X-ray emission of, 69, 410
X-ray scaling relations, 412

CMB, see cosmic microwave background
CNO cycle, 459
CO-to-H2 conversion factor, 434, 438
COBE, 19, 90, 316
coeval population, 471
cold dark matter, 6, 20, 98, 200

bottom-up scenario, 257
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cold relic particles, 133
collision strength, 758
collisional cross-section, 757
collisional damping, see Silk damping
collisional excitation, 757
collisional ionization, 696, 757
collisionless Boltzmann equation, 232
collisionless dynamics, 230

direct and indirect collisions, 230
collisionless gas, 168
color excess, 479
color gradients

in disk galaxies, 51, 537
in elliptical galaxies, 610

color index, 29
color–magnitude relation, 64

of disk galaxies, 536
of elliptical galaxies, 606

comoving coordinates, 104
comoving distance, 105
comoving radius, 103
compact ellipticals, 59
compact groups, 71
Compton y-parameter, 315, 759
Compton cooling, 367

by CMB photons, 367
Compton heating, 650
Compton scattering, 150, 151, 751, 759

inverse, 630
Comptonization, 151
concentration index, 535
conditional luminosity function, 653, 663, 682
conduction flux, 749
conformal Newtonian gauge, 181, 184
conformal time, 105
continuity equation, 158, 163, 233, 366
contravariant index, 744
convective instability, 373

Schwarzschild criterion for, 374
convergent point method, 33
cooling, 8

by bremsstrahlung, 368, 760
due to collisional excitation, 368
due to collisional ionization, 368
due to Compton scattering, 367
due to recombination, 368
effect of photoionization, 369
molecular, 762
overcooling problem, 387, 409
radiative, 23, 367, 760

cooling flows, 413, 676
cooling function, 368, 386, 761

and photoionization heating, 370
of molecular hydrogen, 762

cooling radius, 387
cooling rate, 388, 760
cooling time, 14, 386
cooling wave, 385, 388
core radius, 26
corotation resonance, 528
correlation functions

connected part of, 264
in real space, 276, 277
in redshift space, 276
of velocity field, 270, 271
projected, 277

cosmic density field, 262
cluster-abundance normalization of, 335
Euler characteristic of, 323
genus of, 323
mass moments of, 266
reconstruction of, 271
sampling of, 264

cosmic density parameter, 115, 116
cosmic energy equation, 279
cosmic microwave background, 17, 21, 25, 89, 95,

213, 302
acoustic peaks, 307
and cosmological parameters, 316
anisotropy in, 19, 304
damping on small scales, 310
dipole, 102
Doppler effect, 306
energy density in, 115
gravitational waves, 213, 318
integrated Sachs–Wolfe effect, 307
interaction with intergalactic medium, 314
intrinsic perturbations, 305
origin of, 149
polarization of, 311, 316
potential perturbations, 305
re-ionization, 316, 694
Sachs–Wolfe effect, 304, 310
spectral distortions by hot gas, 314
temperature autocorrelation function, 303
temperature fluctuations in, 302
temperature power spectrum of, 91, 303
Thomson scattering, 311
velocity perturbations, 305

cosmic rays, 56, 649
cosmic shear, 84, 300, 302, 361
cosmic star-formation history, 80

origin of, 673
cosmic time, 103
cosmic variance, 259
cosmic virial theorem, 280
cosmic web, 82, 258
cosmological background radiation, 27
cosmological constant, 16, 113, 747

energy density in, 115
cosmological density field

realizations of, 258
specification of, 202

cosmological parameters, 94
constraints on, 316

cosmological phase transition, 156
cosmological principle, 6, 102
cosmology, 100

distances and volumes, 121
historical overview of, 16
horizons, 119
Hot Big Bang model of, 125
initial condition problem, 154
initial conditions of, 6
particle production, 124
perturbations, 162
problems of standard model, 152
relativistic, 112
standard model of, 6

COSMOS galaxy catalogue, 68
Coulomb logarithm, 231, 555
counter-rotating cores, 579
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Index 809

counts-in-cells
analysis of, 288
distribution function of, 269, 288
moments of, 269, 288
shot noise, 270

Courant condition, 772
covariant derivative, 744
covariant index, 744
critical density, 94, 114, 116
critical lines

in gravitational lensing, 295
critical surface density

in gravitational lensing, 298
crossing time, 230
curvature perturbations, 166
curvature scalar, 742, 743

Dn-σ relation, 47, 271, 605
Damped Lyα systems, 86, 733

Γ function, 734
column density distribution of, 734
evolution of, 734
kinematics of, 738
metallicities of, 736

damping wings, 712
dark matter halos

subhalos, 568
dark age, 690
dark energy, 6, 318
dark matter, 6, 96
dark matter halos, 7, 23, 260, 319

and isothermal spheres, 352
angular momentum of, 358
assembly bias, 348
assembly time of, 340
biased distribution of, 345
circular velocity of, 352
clustering of, 319, 345
concentration parameter of, 353
density profiles of, 351
Einasto profile, 353
formation time of, 341
intrinsic properties of, 319
main progenitor histories of, 339
mass function of, 319, 326
merger rate of, 319, 342
merger tree of, 336
multiplicity function of, 328
NFW profile, 352, 373
progenitors of, 319, 336
shapes of, 354
spin parameter of, 358
subhalos, 319
substructure of, 355
survival time of, 343
virial radius of, 352
virial velocity of, 352

de Sitter universe, 118
de Vaucouleurs profile, see R1/4-law profile
decaying particles, 137, 139
deceleration parameter, 112, 116
decoupling

of matter and radiation, 148, 150
deformation tensor, 178
degenerate gas, 454
density cusp, 248

density peaks, 321
bias, 325
correlations of, 324
modulation by background, 323
number density of, 321
shapes of, 325

density perturbations
damping of, 190
evolution of, 191
from inflation, 209
from topological defects, 213
gauge-invariant approach, 181
moments of, 203, 268
Newtonian theory of, 162
origin of, 209
probability distribution function of, 203
reconstruction from velocity field, 271
relativistic theory of, 178
variance of, 267

direct collisions, 230
disk galaxies, 49, 495

and viscosity, 517
angular momentum of, 502, 515
bars in, 39, 52, 527
chemical evolution of, 538
circular velocity of, 498
color gradients in, 51, 537
color–magnitude relation of, 536
colors of, 51
formation of, 505

numerical simulations of, 511
gas content of, 53
kinematics of, 53
lop-sidedness, 51
massive halos of, 54
metallicity gradients in, 542
metallicity–luminosity relation of, 540
orbits in, 503
potential-density pairs of, 496
rings in, 529
scaling relations of, 512
spirals, see spiral arms
stellar halos of, 52
stellar populations of, 534
surface brightness profiles of, 49
vertical structure of, 51, 518
warps, 51
X-ray halos of, 416

disk heating
and thick disks, 520
due to gas clouds, 519
due to minor mergers, 519, 565
due to spiral arms, 519
rate of, 518, 568

disk instabilities, 521
bar mode, 526
bending instability, 530
dispersion relation for gaseous disk, 523
global stability, 521, 525
local stability, 521, 523
tight-winding approximation, 523
Toomre stability criterion, 525

disk models, 496
double exponential disk, 496
exponential spheroid, 497
Kalnajs disk, 527
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Maclaurin disk, 525
maximal disks, 500
thin exponential disk, 496

disk scale length, 50
disky ellipticals, 3, 46, 576
distance indicators, 33

Cepheids, 33
moving-cluster method, 33
redshifts, 34, 273
standard candles, 33
standard rulers, 33
trigonometric parallax, 32
Type Ia supernovae, 33, 122

distance modulus, 29
distant red galaxies, 79
distribution function

coarse grained, 249
fine grained, 249
of absorption line systems, 709
of decoupled particle species, 132
of Gaussian random field, 204
of particles, 127
of R1/4-law profile, 244

DLA, see damped Lyα systems
domain walls, 153
Doppler boosting factor, 636
Doppler effect, 30, 107

in cosmic microwave background, 306
Doppler parameter, 710, 717
double-Compton process, 151
dredge-up, 486
DRGs, see distant red galaxies
dry mergers, 564, 592, 596, 597
dust emission, 481
dust extinction, 478
dwarf ellipticals, 40, 57, 569, 613

formation of, 616
nucleated, 59

dwarf galaxies, 3, 40, 57
dwarf irregulars, 3, 57
dwarf spheroidals, 3, 40, 57, 71, 613
dynamical friction, 11, 357, 553, 565, 570, 676, 685

and mass loss, 558
Chandrasekhar formula, 556

validity of, 559
Coulomb logarithm, 555
time scale of, 557

dynamics of statistics, 278

E +A galaxies, see k +a galaxies
E correction, 476
early integrated Sachs–Wolfe effect, 307
Eddington limit, 625, 641
Eddington luminosity, 433, 624, 635, 640
Eddington time, 640
EdS universe, see Einstein–de Sitter universe
effective optical depth

from intervening clouds, 699
effective potential, 504
effective radius, 26, 42
effective yield, 490, 541
Einasto profile, 353
Einstein coefficients, 752, 753
Einstein field equation, 113, 747

perturbation of, 185
Einstein radius, 296

Einstein ring, 296
Einstein tensor, 747
Einstein universe, 118
Einstein–de Sitter universe, 117, 119
ellipsoidal collapse, 226

and Zel’dovich approximation, 227
elliptical galaxies, 2, 39, 41, 574

and feedback, 612
anti-hierarchical formation of, 612
boxy, 46, 576
color gradients in, 610
color–magnitude relation of, 606
colors of, 46
cusps and cores, 45, 576
Dn-σ relation, 605
disky, 3, 46, 576
dynamical modeling of, 579
dynamics of, 574
evidence for dark halos, 581
Faber–Jackson relation, 47, 605
fine structure of, 600
formation of, 587
frosting model, 608
fundamental plane of, 48, 602
gas content of, 49
isophote twisting, 42, 576
kinematic misalignment, 579
kinematic properties of, 46, 577
kinematically distinct cores, 579
Kormendy relation, 605
merger scenario, 590, 593, 604, 611
metallicity gradients in, 610
monolithic collapse, 588, 610
number density of, 594
observables of, 575
phase-space density constraints, 598
photometric properties of, 41, 576
shapes of, 45, 584
sizes of, 595
stellar populations of, 606
structure of, 574
surface brightness profiles of, 41
X-ray halos of, 414

ellipticals, see elliptical galaxies
emissivity, 751

from quasars, 697
from recombination, 701
from young galaxies, 699

encounters
close, 231
high speed, 545
prograde vs. retrograde, 551

energy equation, 366
energy–momentum tensor, 113, 746
entropy, 108, 129, 164, 456, 748, 749

and accretion shocks, 384
conservation law of, 130
in gravitational systems, 254

entropy density, 130
entropy equation, 389, 702, 749
entropy perturbations, 166, 192
environment dependence

of galaxy population, 674
epicycle approximation, 504
epicycle frequency, 423, 504, 522
epoch of matter–radiation equality, 115
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Index 811

EPS formalism, see extended Press–Schechter formalism
equation of state, 163, 164, 234, 748

barotropic, 748
isentropic, 749
isothermal, 749
of stars, 453
of the Universe, 108
polytropic, 749

equations of motion
in Hamiltonian formalism, 237

equilibrium models
axisymmetric, 244
spherical, 240
triaxial, 247

equipartition, 553
equivalence principle, 101, 743, 744, 746
equivalent width, 712
ergodicity, 265
EROs, see extremely red objects
error estimate

bootstrap method, 286
jackknife method, 286

Euler equations, 163, 233, 366, 521, 750
evaporation

rate of, 397
event horizon, 119
evolutionary tracks of stars, 36, 463
excursion set

and the Press–Schechter formalism, 328
interpretation of, 331

exponential disks, 50
circular velocity of, 499
origin of, 515

extended Press–Schechter formalism, 321, 328, 684
interpretation of, 331

extinction law, 478, 479
for LMC, 480
for Milky Way, 480
for SMC, 480

extragalactic background light, 660
extremely red objects, 79

Faber–Jackson relation, 47, 605
faint blue galaxies

excess of, 75, 659
false vacuum, 158
feedback, 9, 492

as mass and energy sources, 493
from active galactic nuclei, 9, 612, 648, 664, 670, 676,

685, 687
from stellar winds, 492, 664
from supernova explosions, 9, 493, 664, 685, 687

Fermi acceleration, 627
Fermi–Dirac species, 127
fermion balls, 639
Field criterion for thermal instability, 395
filaments, 260
finger of God, 274
flatness problem, 152, 156
fluid equations, 366, 749

Lagrangian vs. Eulerian formulation, 770
perturbations of, 185

flux, 26, 27
flux decrement, 693
flux limiter, 774
forbidden lines, 620, 631

force softening, 768
four-momentum, 745
four-point correlation function

of density field, 264
Fourier transformation

convention of, 165
free–free absorption, 758
free–free emission, see bremsstrahlung
free–free processes, 751
free-fall time, 14, 252, 407, 420
free-streaming damping, 171
freeze-out

of stable particles, 133
Friedmann equations, 93, 113
Friedmann model, 16
Friedmann–Robertson–Walker cosmology, 113
friends-of-friends algorithm, 333
fundamental frequencies, 238
fundamental observer, 102, 163
fundamental plane

in κ space, 604, 613
of elliptical galaxies, 48, 602
tilt of, 603

G dwarf problem, 539
galactic winds, 9, 404, 406, 611
galaxies, 2, 37

active, 4, 618
at high redshift, 72, 683
centrals, 653, 675
chemical evolution of, 486
classification of, 38
color–magnitude relation of, 64
colors of, 4, 64, 670
early-types, 2, 39
environment dependence, 4, 65, 674
gas mass fractions of, 4
interactions, 544
late-types, 2, 39
luminosity function of, see luminosity function
mass–metallicity relation of, 65
morphological types, 2, 38
passive evolution of, 476
satellites, 653, 676
sizes of, 3, 63
statistical properties of, 61, 652
stellar mass function of, 656
transformations, 544

galaxy bias, 679
galaxy clustering, 283

angular correlation functions, 290
angular power spectrum, 292
counts-in-cells analysis, 288
evolution of, 278
in real and redshift space, 273
power spectrum analysis, 288
redshift space distortions, 273
shot noise, 289
three-point correlation function, 287
two-point correlation function, 287

galaxy counts, 73, 658
galaxy distribution

as a point process, 265
galaxy formation

and active galactic nuclei, 648
and dark matter halos, 23
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812 Index

and supernova feedback, 406
historical overview of, 15
role of cooling, 23
time scales of, 14

galaxy harassment, 569, 617, 676
galaxy luminosity function, see luminosity function
galaxy stellar mass function, 656
galaxy–galaxy lensing, 85
GALEX, 536
gas accretion

cold mode, 391
hot mode, 391

gas consumption time, 425, 433
gaseous collapse

effect of dark matter, 383
self-similar model of, 379, 388

gaseous halos, 366
application of virial theorem, 374
around disk galaxies, 416
around elliptical galaxies, 414
collapse of, 379
convective instability of, 373
density profiles of, 371
evolution of, 398
formation of, 376
hydrodynamical instabilities of, 396
in numerical simulations, 408
observational tests, 410
radiative cooling in, 385
spherical collapse of, 384
thermal instability of, 393
within dark matter halos, 383

gauge conditions, 180
gauge freedom, 179
gauge transformation, 179, 182

versus general coordinate transformation, 179
gauge-invariant variables, 182, 184
Gaussian distribution, 266
Gaussian random field, 204, 266

distribution function of, 204
random phase of, 205

general coordinate transformation, 179, 742, 744
general relativity, 100, 741

Einstein field equation of, 747
Newtonian limit, 747

geodesic equation, 744
giant molecular clouds, 418

disruption of, 428
dynamical state of, 419
formation of, 422
magnetic fields in, 420, 425
mass distribution of, 419
turbulence in, 419, 423, 426

globular clusters, 121
bimodal color distribution of, 600
specific frequency of, 599, 616

GMC, see giant molecular clouds
graceful exit problem

of inflation, 159
grand unified theories, 153
gravitational capture, 545
gravitational clustering

in N-body simulations, 258
self-similar model, 280

gravitational collapse, 215
ellipsoidal, 226

of cosmic density field, 257
spherical, 215

gravitational instability, 7, 18, 167
and star formation, 422
and star-formation threshold, 438
in disks, 521

gravitational lensing, 70, 292
arcs, 297, 299
basic equations of, 292
by a point mass, 295
by elliptical objects, 299
by isothermal spheres, 298
caustics, 295
convergence, 294, 300, 301
critical lines, 295
critical surface density, 298
Einstein radius, 296
Einstein ring, 296
galaxy–galaxy lensing, 85
image distortions, 292
lens equation, 296
magnification, 295
microlensing, 97
multiple images, 296
shear, 294, 300
strong, 70
time delay, 295, 296
weak, 70, 84, 300

gravitational waves, 213, 318
groups of galaxies, 71

compact groups, 71
Gunn–Peterson effect, 85, 692
GUT, see grand unified theories

H-R diagram, see Hertzsprung–Russell diagram
half-light radius, see effective radius
halo assembly bias, see assembly bias
halo mass function, 319, 326
halo model, 362
halo occupation statistics, 663, 679, 682
Hamiltonian, 237

integrability, 238
Harrison–Zel’dovich spectrum, 19, 206
Hayashi track, 463
HCG, see Hickson compact groups
HDF, see Hubble Deep Field
HDM, see hot dark matter
heat capacity of gravitational system, 548
heat conduction, 397
heating

by accretion shocks, 378
by photoionization, 703
by shocks, 703
by supernova explosions, 403
due to photoionization, 369

Heaviside step function, 221
helium flash, 467
helium Lyman α forest, 722
Hernquist profile, 242
Hertzsprung–Russell diagram, 36, 463

asymptotic giant branch, 466
birthline, 432, 463
horizontal branch, 465
main sequence, 461

Hickson compact groups, 71
hierarchical clustering, 257, 260
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hierarchical formation, 11
Higgs mechanism, 157
high-order correlation functions

of a point process, 265
of density field, 264

high-order perturbation theory, 176, 282
high-redshift galaxies, 72, 683
high-speed encounters, 545
HII regions, 56, 477, 483

line luminosity, 478
recombination lines of, 477

Holmberg radius, 26
horizon, 119
horizon problem, 152, 155
horizontal branch, 465
Hot Big Bang, 117

chronology of, 125
cosmology, 17

hot dark matter, 20, 201
top-down scenario, 257

hot relic particles, 133
Hubble constant, 34, 93, 95, 106, 317

reduced, 34
Hubble Deep Field, 74
Hubble drag, 133, 167
Hubble law, 34
Hubble parameter, 105
Hubble sequence, 3, 39
Hubble time, 14
hydrodynamical simulations, 24, 408, 686

grid-based methods, 772
particle-based methods, 770
with radiative cooling, 409

hydrostatic equilibrium, 371, 582

ICM, see intracluster medium
ideal gas, 748
ideal gas law, 748
IGM, see intergalactic medium
IMF, see initial mass function
impact parameter, 230
impulse approximation, 546
indirect collisions, 230
inflation, 7, 17, 152

concept of, 154
density perturbations, 209
Gaussian perturbations, 209
graceful exit problem of, 159
gravitational waves, 212
isentropic perturbations, 209
models of, 158
perturbation amplitudes, 213
realization of, 156
scale-invariant perturbations, 209
slow-roll approximation, 157
tensor perturbations, 213
tilted power spectrum, 212

inflaton, 19, 157
infrared-submillimeter background, 662
initial condition problem

in cosmology, 154
initial mass function, 9, 417, 440

derivation from observation, 441
of Chabrier, 442
of Kroupa, 442
of Miller and Scalo, 441

of Salpeter, 441
of Scalo, 441
theoretical models of, 443
top heavy, 445, 448, 491
universality of, 440, 444

instability strip, 468
instantaneous recycling approximation, 489
integrals of motion, 237

classical, 238
isolating and non-isolating, 237

integrated Sachs–Wolfe effect, 307
intergalactic medium, 13, 85, 689

after recombination, 690
collisional ionization, 696
evolution of, 702
interaction with cosmic microwave background, 314
ionization evolution, 704
Lyα absorption, 692
Lyman-limit absorption, 694
mean optical depth of, 690, 693
photoionization, 695
photoionization heating, 703
residual ionization, 690
shock heating, 703

interstellar medium, 12
emission and absorption, 476
multi-phase state of, 393, 422, 688
thermal instability of, 393, 422

intracluster light, 68
intracluster medium, 69, 410
inverse Compton scattering, 630
invisible matter, see dark matter
involution, 237
ionization equations, 750
ionization fraction, 146, 150
ionizing background

attenuation by intervening clouds, 699
flux of, 697

IRAS galaxy survey, 273
iron-peak elements, 460
irregular galaxies, 39
irregular orbits, 239
isentropic initial conditions, 192
isentropic perturbations, 166

in two non-relativistic components, 173
ISM, see interstellar medium
isocurvature CDM model, 202
isocurvature initial conditions, 166, 192
isocurvature models, 310
isophotal radius, 26
isophote twisting, 42, 45, 576
isophotes, 26
isothermal perturbations, 18
isothermal sheet, 498, 518, 598
isothermal sphere, 242

modified, 242
singular, 242, 372, 499

ISW effect, see integrated Sachs–Wolfe effect

J3 integral, 263
jackknife method

of error estimate, 286
Jaffe profile, 242
JCMT, 79
Jeans criterion, 18, 253, 523
Jeans equations, 233
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814 Index

Jeans instability, 167
Jeans length, 167, 253
Jeans mass, 167, 420
Jeans models, 241, 244

anisotropy parameter, 241, 580
of elliptical galaxies, 580

Jeans theorem, 240
strong, 240

jets, 621, 633
collimation of, 633
one-sided, 637
relativistic beaming, 636
superluminal motion, 635

k +a galaxies, 69
K correction, 475
Kalnajs disk, 527
KAM theorem, 239, 240
Kelvin–Helmholtz instability, 396, 772
Kelvin–Helmholtz time, 429
kinematic misalignment, 579
kinematically distinct cores, 579
kinetic energy tensor, 234
King model, 242
King profile, 372
King radius, 242, 598
Kirchhoff’s law, 758
Kompaneets equation, 314, 759
konus densities, 576
Kormendy relation, 605
Krammers absorption cross-section, 755
Kroupa initial mass function, 442
kurtosis, 269

LAE, see Lyα emitters
Lagrangian function, 237
Landau damping, 171, 253, 563, 566
Lane–Emden equation, 372
Large Magellanic Cloud, 71
large-scale structure, 81, 262
large-scale velocity field, 83, 270
Larmor’s formula, 627
last scattering surface, 89, 149, 303
late integrated Sachs–Wolfe effect, 307
latent heat, 159
Layzer–Irvine equation, 279
LBG, see Lyman-break galaxies
leap-frog integration scheme, 765
lens equation, 296
lenticular galaxies, 39
Lick indices, 474, 607
light elements

primordial abundances, 143, 144
Lindblad resonances

outer Lindblad resonance, 528
Lindblad resonances, 528

inner Lindblad resonance, 528
line-of-sight velocity distribution, 575
linear growth factor, 172
linear growth rate, 172
linear power spectrum

cluster-abundance normalization, 207
COBE normalization, 207
tilt of, 212

linear response theory, 560
LINERs, 620

Liouville’s theorem, 168
LIRG, see luminous infrared galaxies
LMC, see Large Magellanic Cloud
Local Group, 71
longitudinal gauge, see conformal Newtonian gauge
lookback time, 119
Lorentz factor, 627
Lorentzian profile, 711
LOSVD, see line-of-sight velocity distribution
low surface brightness galaxies, 500
luminosity distance, 111, 121
luminosity function, 3, 654

dependence on color, 657
dependence on environment, 658
dependence on morphology, 657
in clusters, 658
in the field, 658
redshift evolution of, 658
Schechter function, 62, 655

luminosity gap
in groups and clusters, 668

luminous infrared galaxies, 60
Lyα emitters, 78
Lyapunov exponent, 250
Lyman α forest, 86, 714

at low redshift, 721
clustering of, 720, 729
column density distribution of, 716, 728
Doppler parameter distribution of, 717
evolution of, 715
for helium, 722
in hierarchical models, 724
in hydrodynamical simulations, 731
line profiles, 727
metallicity of, 719
models of, 723
sizes of absorbers, 718

Lyman break, 474
Lyman-break galaxies, 77, 683
Lyman-limit systems, 86, 732

Mészáros effect, 176, 195
MACHO, see massive compact halo objects
Maclaurin disk, 525
magnetic buoyancy instability, see Parker instability
magnetic fields

and star formation, 425
in giant molecular clouds, 420
in molecular cores, 430
Parker instability, 424

magnetic monopoles, 153
magnification

by gravitational lensing, 295
magnitude-limited sample, 284

characteristic depth of, 291
main-sequence stars, 461

lifetimes of, 462
Malmquist bias, 61
mass moments, 266
mass segregation, 252
mass shell, 216
mass–anisotropy degeneracy, 580, 581
mass–metallicity relation, 65
massive compact halo objects, 97
massive stars

formation of, 432
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Index 815

Mattig formula, 121
maximal disk model, 500
Maxwellian distribution, 754
MDM, see mixed dark matter
mechanical feedback, 650
merger rates, 601, 647

of dark matter halos, 342
merger trees, 336

binary tree, 337
N-branch method with accretion, 338
trees built from progenitor libraries, 338

mergers, 10, 22, 590
and active galactic nuclei, 564
and disk heating, 565
and starbursts, 564
criterion for, 561
demographics of, 563
dry vs. wet, 564, 592, 596, 597
major vs. minor, 564
of galaxies, 561
prograde vs. retrograde, 564
signatures of, 600

meridional plane, 244, 504
metal absorption line systems, 86, 738
metallicity, 12, 35, 489
metallicity gradients

in disk galaxies, 542
in elliptical galaxies, 610

metallicity–luminosity relation
of disk galaxies, 540

metals, 12
yield of, 489

metric, 741
in Newtonian limit, 747

metric perturbations, 192
MgII systems, 86, 739

connection to galaxies, 739
microlensing, 97
Milky Way, 55

bar of, 55
bulge of, 55
dark halo of, 57, 551
stellar halo of, 55
thick disk of, 55
thin disk of, 55

Miller–Scalo initial mass function, 441
Milne relation, 752, 754
Minkowski metric, 627, 742
missing baryons, 97
mixed dark matter, 21
mixed dark matter model, 202
mixing length theory, 456
modified Hubble profile, 242
modified isothermal sphere, 242
molecular clumps, 419
molecular cores, 419

collapse of, 429
role of magnetic fields, 430

molecular hydrogen, 762
destruction and formation of, 421, 763
self-shielding, 421, 436, 440, 447

moment of inertia tensor, 235
moments

of density field, 268
relation to correlation function, 269

momentum equations, 233

momentum-driven wind, 650
monolithic collapse, 22, 256, 588, 610
monopole problem, 153
morphology–density relation, 4, 12, 66,

658, 674
moving-cluster method, 33
multiplicity function

of dark matter halos, 328

N-body simulations, 24, 764
boundary conditions of, 769
initial conditions of, 769
mass and force resolution, 768
time step criterion, 768
tree algorithm, 766

narrow-line radio galaxies, 621
narrow-line regions, 620, 637
natural line broadening, 711
natural unit system, 125
neutrinos, 115, 124

as dark matter, 20, 136
decoupling of, 131, 140, 146
Dirac type vs. Majorana type, 136
energy density in, 115
free-streaming of, 171, 202
light, 171
massive, 136, 137, 201

neutron stars, 467
neutron-to-proton ratio, 142
neutrons

and abundances of light elements, 143
mean lifetime, 140

new inflation model, 160
Newton’s theorems, 232
NFW profile, 242, 352, 373

circular velocity of, 499
concentration parameter of, 353

Noether theorem, 237
non-Gaussian field, 205

χ2 model, 205
log-normal model, 205

non-Gaussianity
development of, 282

nuclear star clusters, 59
nucleosynthesis

bottleneck of, 142
primordial, 12, 139, 142

null geodesic, 104

oblate isotropic rotator, 245
obscuring torus, 637
observations

distance measurements, see distance indicators
photometry, 26
spectroscopy, 29

old inflation, 158
Oort constant, 439
opacity, 751

from bound–bound absorption, 455
from free–free absorption, 455
from Thomson scattering, 454
in stellar interiors, 451
Rosseland mean, 455

optical depth, 691, 692
optically violently variable quasars, 622
orbit-superposition method, see Schwarzschild models
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orbits, 236
box orbits, 248
circularity of, 558
classification of, 238
closed, 239
decay of, 556
eccentricity of, 557
elliptic, 561, 596
hyperbolic, 561, 596
in disk galaxies, 503
inner long-axis tubes, 248
irregular, 239
outer long-axis tubes, 248
parabolic, 561, 596
regular, 238
resonance, 238
short-axis tubes, 244, 248
stochastic, 239
theory of, 236

oscillator strength, 753
overcooling problem, 387, 409
OVI systems, 740
OVV, see optically violently variable quasars

PAHs, see polycyclic aromatic hydrocarbons
pair conservation equation, 279
pairwise peculiar velocity dispersion, 278, 280

of galaxies, 287
pancakes, 178, 259
Parker instability, 424
parsec

definition of, 32
particle decay, 137
particle horizon, 119
particle production

freeze-out, 133
in early Universe, 124
in thermal equilibrium, 127

particle–particle (PP) algorithm, 766
particle–particle–particle–mesh (P3M)

algorithm, 767
particle-mesh (PM) algorithm, 766
passive evolution, 472
peak formalism, 321

cloud-in-cloud problem, 326
modulation by background, 323

peak-background split, 324
peculiar galaxies, 3, 40
peculiar velocity, 34, 107, 163, 273
perfect sphere, 242
perfect spheroid, 247
period–luminosity relation

of Cepheids, 468
permitted lines, 631
perturbation amplitudes

and inflation, 213
perturbation power spectrum

amplitude of, 206
initial, 206
linear, 206
normalization of, 206
spectral index of, 206

perturbation theory, 521
high-order, 176, 282
high-order moments, 283
relativistic, 178

perturbations
classification of, 181
evolution of, 191
in entropy, 192
in metric, 192
modes of, 165
on a relativistic background, 175
origin of, 209
scalar modes, 182
stagnation of, 176
tensor modes, 182
vector modes, 182

phantom energy, 98
phase mixing, 249, 250, 563
phase transitions, 153
phase-space density

constraints from, 598
of collisionless particles, 168

phase-space distribution function, 232
photodissociation, 421
photo-excitation, 755
photoionization, 695, 714, 750, 755

cross-section of, 753, 755
photoionization heating, 649

of the IGM, 703
rate of, 369

photometric redshifts, 75
photometric systems, 28
piecewise parabolic method

(PPM), 773
Planck function, 753
planetary nebulae, 466
Plummer sphere, 242
Poisson bracket, 237
Poisson equation, 163, 232, 747
Poisson gauge, 181, 184
Poisson sampling

of density field, 264
polarization, 311

B mode, 313
E mode, 313
power spectrum of, 316

polycyclic aromatic hydrocarbons, 481
polytropic gas, 371
polytropic index, 371, 749
Population III stars, 446
post-main-sequence evolution, 464
post-starburst galaxies, see k+a galaxies
potential energy tensor, 234
power spectral index, 206
power spectrum, 208, 260

analysis, 288
of density field, 263
of density perturbations, 204
shape parameter of, 200

pp chain, 459
pre-main-sequence

evolution, 463
tracks, 432

Press–Schechter formalism, 19, 327
and excursion set, 328
applied to clusters, 334
extended, 321, 328
spherical versus ellipsoidal collapse, 331
tests of, 333

primary elements, 460, 491
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primordial abundance
of deuterium, 145
of helium-3, 145
of helium-4, 144
of light elements, 143, 144
of lithium-7, 145

primordial nucleosynthesis, 139, 142
model predictions for, 142
nuclear reactions in, 140

progenitor bias, 612
proper distance, 104
proper motion, 32
proper time, 104
proper volume, 123
protostellar cores, 419
protostellar outflows, 431
proximity effect, 701
pseudo-bulges, 12, 530, 615

QSO, see quasi-stellar objects
quantum fluctuations, 7
quark soup, 126
quasar absorption line systems, see absorption line

systems
quasars, 621

emissivity from, 697
host galaxies of, 642

quasi-stellar objects, 621
quasi-stellar radio sources, see quasars
quintessence, 98

R1/4 law profile, 43, 256
distribution function of, 244

radiation
specific intensity of, 750

radiation constant, 760
radiative cooling, 367, 760

in gaseous halos, 385
time scale of, 385

radiative feedback, 649
radiative processes, 751
radiative transfer, 750
radio galaxies, 620

double lobed structure of, 621
Fanaroff–Riley classes, 621, 648
flat spectrum sources, 621
hot spots, 621
steep spectrum sources, 621

radio lobes, 633
ram-pressure stripping, 12, 571, 616, 676
Rankine–Hugoniot jump conditions, 377, 378, 381
Rayleigh–Taylor instability, 396, 433, 772
re-ionization, 86, 318, 690

21cm tomography of, 707
effect on cosmic microwave background,

316, 694
epoch of, 705
sources, 696

real distance, 273
recombination, 756

Case A, 756
Case B, 756
coefficient of, 756
cross-section of, 756
dielectronic, 757
of early Universe, 126, 146, 167, 190, 690

reconstruction of density field
from velocity field, 271

red giant branch, 465
red supergiants, 466
reddening, 30
redshift, 4, 30, 93, 106

as distance indicator, 34, 273
photometric, 75

redshift space distortions, 83, 273
in correlation functions, 276

redshift surveys
1/Vmax weighting, 61
flux limited, 61
volume limited, 61

regular orbits, 238
reheating, 156
relativistic beaming, 636
relativistic cosmology, 112
relaxation

chaotic mixing, 250
definition of, 249
end state of, 254
in collisionless systems, 248
in N-body simulations, 256
Landau damping, 253
phase mixing, 249
violent, see violent relaxation

residual gauge modes, 183
resonance coupling, 528
resonant orbit, 238
reverberation mapping, 639
RGB, see red giant branch
Ricci tensor, 742, 743
Riemann–Christoffel curvature tensor, 742
Robertson–Walker metric, 104, 742
rotation curves, 53, 498

cusp–core degeneracy, 501
disk–halo degeneracy, 500
of disk galaxies, 32

rotation-curve decomposition, 500
Rydberg constant, 699

Sérsic index, 42, 584
Sérsic profile, 42, 51, 58, 257, 603
Sachs–Wolfe effect, 305, 310

integrated, 307
Saha equation, 146, 147, 754
Salpeter initial mass function, 441
satellite galaxies, 653, 676

colors of, 671
fraction of, 668
luminosity function of, 666

scale factor, 103, 104
scale-invariant perturbations

from inflation, 209
scale-invariant spectrum, 206
Scalo initial mass function, 441
Schechter function, 62, 655, 734
Schmidt law of star formation, 434
Schwarzschild criterion for convective instability, 374
Schwarzschild models, 580
Schwarzschild radius, 624, 639
SCUBA, 79

sources, 662
SDSS galaxy catalogue, 61
secondary elements, 460, 491
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818 Index

secular evolution, 12, 528, 615
SED, see spectral energy distribution
selection function

of a galaxy sample, 283
self-absorption, 629
self-similar model of gaseous collapse, 379

with gas cooling, 388
semi-analytical models, 24, 684
semi-forbidden lines, 631
Seyfert galaxies, 619, 637
shear

in gravitational lensing, 294, 300
shear instability, 439
shear tensor, 294
shear viscosity

coefficient of, 750
shell crossing, 219
shock heating, 703
shocks

accretion shock, 378, 381
isothermal, 378
jump conditions for, 377
non-radiative, 376, 378

shot noise, 289
in counts-in-cells, 270

Silk damping, 18, 175, 190
similarity model

for spherical collapse, 220
scale-free solutions, 222

singular isothermal sphere, 242, 372, 499
skewness, 269
Small Magellanic Cloud, 71
SMBH, see supermassive black holes
SMC, see Small Magellanic Cloud
smoothed-particle hydrodynamics, 687, 770

smoothing kernel, 771
SN, see supernovae
solar abundance, 35
sonic radius, 651
sound horizon, 192
sound waves, see acoustic waves
space-like separation, 104
space-time metric, 742
specific heats, 748

ratio of, 748
specific intensity of radiation, 750
specific internal energy, 748
specific star-formation rate, 494, 535
spectral energy distribution, 25, 27, 29
spectral features, 474
spectral indices, 474
spectral synthesis modeling, 36, 471

including emission lines, 476
spectroscopic observations, 29
SPH, see smoothed-particle hydrodynamics
spherical collapse, 19, 215

collapse time, 217
critical overdensity for, 218, 219
effect of cosmological constant, 218
maximum expansion, 216
of gaseous halos, 384
similarity solutions of, 220
with cooling, 390
with shell crossing, 219

spin parameter, 358, 502
spin temperature, 707

spiral arms, 53, 531
and star formation, 424
as density waves, 532
driven by bars, 534
formation of, 531
material arms, 532
morphology of, 531
pitch angle of, 531
shape function of, 531
winding problem of, 532

spiral galaxies, 2, 39, 49, 495, 531
spirals, see spiral galaxies
spontaneous symmetry breaking, 153, 157
spontaneous transition, 752
stable clustering, 281
standard candles, 33
standard rulers, 33
star formation, 8

associated with flocculant spirals, 424
birthrate, 535
driven by galaxy interactions, 424
driven by spiral density waves, 424
empirical laws of, 433
quiescent, 9
regulation by shear, 439
self-regulation, 428
specific star-formation rate, 494, 535
spontaneous versus induced, 428
the Kennicutt–Schmidt law, 434
the role of turbulence, 426
the Schmidt law, 434
time scale of, 425

star-formation diagnostics, 482
far-infrared continuum, 484
forbidden lines, 484
nebular emission lines, 483
UV continuum, 482

star-formation efficiency, 425
star-formation threshold, 438
star-formation truncation, see star-formation threshold
starburst, 9, 60, 564

and mergers, 564
stars, 34

birth point, 432
birthline, 432, 463
effective temperature of, 451
evolutionary tracks of, 36, 463
formation of, 417, 429
luminosity classes, 35
luminosity of, 451
main sequence of, 36
Population I, 56
Population II, 56
Population III, 446
spectra of, 35
spectral classes, 35
variable, 468

steady-state cosmology, 102
stellar atmospheres, 451, 471
stellar evolution, 453

effect of convection, 456
gravitational time scale, 449
Hayashi track, 463
homologous model, 460
hydrodynamic time scale, 449
nuclear time scale, 450
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passive, 472
post-main-sequence, 464
pre-main-sequence, 463
scaling relations, 460
thermal time scale, 450

stellar halos, 52
stellar nuclei, see nuclear star clusters
stellar nucleosynthesis, 457
stellar population synthesis, 13, 470
stellar populations, 449

of disk galaxies, 534
of elliptical galaxies, 606

stellar spectra
empirical, 470
theoretical, 471

stellar structure, 449
assumption of hydrostatic equilibrium, 449
basic equations of, 450, 452
boundary conditions, 451, 452
energy generation rate, 451
equation of state, 453
evolution of, 453
opacity, 451, 454

stellar winds, 404
mechanical luminosity of, 404

stimulated transition, 752
stochastic orbits, 239
Strömgren sphere, 704
strangulation, 572, 672, 676
stress tensor, 169, 233
strings, 153
strong lensing, see gravitational lensing
structure formation problem, 153
sub-DLAs, 86, 733
subgiants, 465
subhalo mass function, 356

unevolved, 357, 568
submillimeter sources, 78
Sunyaev–Zel’dovich effect, 152

kinematic, 315
thermal, 315

super-Eddington accretion, 641
supercooling, 159
superluminal motion, 622, 635
supermassive black holes, 9, 47, 61, 239, 582, 623

demographics of, 47, 584
evidence for, 47, 582, 639
formation of, 640

supernova feedback, 9, 406, 664, 685, 687
supernova rate, 469
supernova remnants, 401

free-expansion phase, 402
Sedov phase, 402
snowplow phase, 403

supernovae
heating by, 403
progenitors of, 468
Type Ia, 16, 33, 122, 317, 469
Type II, 470

surface brightness, 4, 26, 112
dimming, 112

surface pressure, 234
synchronous gauge, 181, 183
synchrotron emission, 627
SZ effect, see Sunyaev–Zel’dovich effect

textures, 153
thermal conductivity

coefficient of, 750
thermal instability, 393, 422

Field criterion of, 395
thermalization, 151
thermodynamic equilibrium

in N-body systems, 553
thermodynamics

the first law of, 108
the second law of, 108

thermonuclear reactions, 458
CNO cycle, 459
pp chain, 459
triple-α process, 460

thick disks, 52, 496, 518, 520
Thomson cross-section, 148, 759
Thomson scattering, 148, 311, 694, 707
three-point correlation function

of density field, 264
of galaxies, 287

tidal force, 544
tidal approximation, 546
tidal interactions, 12, 545
tidal radius, 548
tidal shock, 546
tidal streams, 550
tidal stripping, 12, 548, 617, 676
tidal tails, 550, 590

formation in mergers, 551
tidal tensor, 228
tidal torques, 19

theory of, 359
tight-coupling limit, 189
tight-winding approximation, 523
time delay

in gravitational lensing, 295, 296
time-like separation, 104
Toomre stability criterion, 423, 525
top hat window function, 207
top-down scenario, 257
topological defects, 153, 205, 213

and density perturbations, 213
total variation diminishing (TVD) condition, 774
transfer functions

adiabatic baryon model, 198
adiabatic CDM model, 200
adiabatic HDM model, 201
isentropic, 198
isocurvature, 198
isocurvature CDM model, 202
linear, 196

transmission function, 479
transmission of Earth’s atmosphere, 25
tree algorithm, 766
triaxiality parameter, 355
trigonometric parallax, 32
triple-α process, 460
Tully–Fisher relation, 54, 271, 512, 685
tuning-fork diagram, see Hubble sequence
turbulence, 423

driving mechanisms, 427
in giant molecular clouds, 419, 423, 426
supersonic, 419, 426

two-body relaxation time, 231
two-photon process, 147
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820 Index

two-point correlation function, 82, 260
as measure of excess of neighboring particles, 265
error estimates of, 286
estimators of, 284
integral constraint on, 263
J3 weighting, 285
of dark matter particles, 260
of density field, 262
of density perturbations, 203
of galaxies, 82, 284, 287
one-halo term, 363, 679
redshift evolution, 281
two-halo term, 363, 679

UBVRI photometric system, 28
UHURU, 69
ULIRG, see ultraluminous infrared galaxies
ultra compact dwarfs, 59
ultraluminous infrared galaxies, 60, 565
universe

age of, 119
flat, open, closed, 116

UV background radiation, 370
observations of, 701

UV drop-outs, 77

vacuum energy, 7
vacuum state, 153
variable stars, 468
variance

of density fluctuations, 267
of mass in windows, 268

velocity ellipsoid, 234
velocity tensor, 233
velocity–distance relation, 16
vertical frequency, 504
violent relaxation, 7, 11, 251, 351, 353, 563

time scale of, 252
virial density, 236
virial radius, 236

of dark matter halos, 352

virial temperature, 8, 374, 375
virial theorem, 234, 374, 526, 547

application to spherical collapse, 235
scalar form of, 235
tensor form of, 235

viscous disks, 517
viscous dissipation, 750
viscous stress tensor, 749
Vlasov equation, 168

moments of, 168
voids, 258, 260
Voigt profile, 87, 711
volume-limited sample, 284

warm dark matter, 20
warm-hot intergalactic medium, 97, 704, 740

and OVI systems, 740
WDM, see warm dark matter
weak lensing, see gravitational lensing
weakly interacting massive particles, 136
WHIM, see warm-hot intergalactic medium
white dwarfs, 467
WIMP, see weakly interacting massive particles
window function, 267

k space top-hat, 267
Gaussian, 267
top-hat, 267

WMAP, 19, 317
Wouthuysen–Field process, 708

X-ray cavities, 650
X-ray scaling relations

of clusters of galaxies, 412

yield, 489
effective, 490, 541

Zel’dovich approximation, 19, 177, 272,
359, 770

zero-age main sequence, 463
zero-point energy, 157
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