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3×2-pt analysis, 392

adiabatic density perturbations, 186, 335

adiabatic expansion, 41

age of the universe

general formula, 52

single-component, 48

AIC (Akaike information criterion), 246

Alcock–Paczynski test, 204

amplitude of mass fluctuation, 211

anthropic principle, 307

Atacama Cosmology Telescope (ACT), 359

axions, 278

B modes, see cosmic microwave background
(CMB)

Baade, Walter, 293

baryogenesis, 109–113

baryon acoustic oscillations (BAO), 201–205

baryons

baryogenesis, 109–113

decoupling, 329

density, 53, 273

in CMB, 339

introduced, 7

tightly coupled, 324

to photon ratio, 109, 114, 128, 130, 131

Bayesian statistics, 235–242

Bayes’ theorem, 236

credible intervals, 241–243, 262

model comparison, 246

prior, 240

beryllium, 125

best-fit model, 52

bias (galaxy), 216

BIC (Bayesian information criterion), 245

BICEP2 claim, 162, 356

Big Bang, 5

three pillars, 6

Big Crunch, 34

Big Rip, 312

Big-Bang nucleosynthesis, 6, 116–133

binding energy

of deuterium, 124

of elements, 118–119

of hydrogen, 325

Boltzmann equation, 104–109

BOSS (survey), 176
bottom-up structure formation, 208
Bullet cluster, 392

C, P, T symmetries, 111
Central Limit Theorem, 233

Cepheids, 15

chemical potential, 74, 79, 85
COBE experiment, 3, 229, 317, 319, 321, 322,

360
cold dark matter (CDM), 207
comoving

coordinates, 18–19

distance, 58
volume, 59

components in the universe
lambda, 46

matter, 44

multiple, 50
radiation, 45

conformal
distance, see distance, conformal
time, 28

continuity equation, 42
convective derivative, 182
convolution, 211
core/cusp problem, 281
correlation function, 178–181

estimators, see estimators

three-point, 180
two-point, 179

cosmic microwave background (CMB),
316–362

acoustic oscillations, 337
angular power spectrum, 323, 345
anisotropy, 321
correlation function, 343
cosmic Rosetta stone, 340
dipole, 320
E and B modes, 353–356

energy density, 318

harmonic coefficients, 341
monopole, 317
number density, 318
polarization, 351–356
temperature, 317

cosmic shear, 383
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cosmic strings, 357

cosmic variance, 347

cosmic web, 209

cosmological constant, 303

anthropic principle, see anthropic principle

problem, 304–305

vacuum energy, 304–305

cosmological principle, 10

critical density, 32

curvature, 34

energy density in, 43

perturbation, 154

cycloid, 34

DAMA experiment, 285

dark energy, 291–310

Big Rip, 312

coincidence problem, 299

cosmological constant, see cosmological
constant

discovery, 291–296

early, 314

equation of state, 300

fate of universe with, 309

geometry–growth comparison, 308

historical evidence, 291

modified gravity, see modified gravity

parametrizations, 300–302

phantom, 310, 313

probes, 302

reconstructed w(z), 313

dark matter, 267–287

“challenges” to CDM, 281

axions, 278

candidates, 277–279

cold dark matter (CDM), 274

direct detection, 282

evidence, 267–274

flat rotation curves, 269

fuzzy, 278

hot dark matter (HDM), 275, 279

in clusters, 271

in galaxies, 269

indirect detection, 285

laboratory searches, 286

local density, 283, 288

MACHOs, 278

mass limits, 279

mass-to-light ratio, 267

modified gravity (MOND), 286

primordial black holes, 278

strongest evidence for, 274

ultra-light, 278, 289

warm dark matter (WDM), 275

why non-baryonic, 272

WIMP miracle, 280

WIMPs, 277

dark radiation, 98

DASI (CMB) experiment, 356

Davis, Ray, 92

de Vaucouleurs, Gèrard, 17

deceleration parameter q, 54

decoupling, 329

of neutrinos, 80, 94

of neutrons, 122

density perturbations

correlation function, 178–181

curl modes, 184

definition, 177

fluid equations, 182

linear growth, 189

power spectrum, 192, 201

smoothed, 209

DES (Dark Energy Survey), 181, 389

DESI (Dark Energy Spectroscopic
Instrument), 220, 310

deuterium, 124, 129

dipole, see cosmic microwave background
(CMB)

distance

angular diameter, 62

comoving, 58

conformal, 27

Hubble, 26–27

luminosity, 61

particle horizon, 49

proper, 24–26

distance ladder, 292

distance modulus, 293

distribution function, see phase-space

distribution function

Dodelson, Scott, 104

drag epoch, 201

Einstein

and gravitational lensing, 371

and relativity, 8

Angle, 376

cosmological constant, 46, 303

greatest blunder, 46, 66, 303

radius, 376

ring, 376

Einstein’s equations, 154

Einstein–de Sitter (EdS) universe, 45

entropy, 81–83

equality, matter–radiation, 53, 54

equation of state, 43–44

of cosmological constant, 47

of dark energy, 51

of matter, 44

of radiation, 46

www.cambridge.org/9781316513590
www.cambridge.org


Cambridge University Press & Assessment
978-1-316-51359-0 — A Course in Cosmology
Dragan Huterer
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

420 Index

equilibrium

kinetic, 73

out of, interactions, 112

thermal, 76, 121

equilibrium distribution

non-relativistic limit, 78, 84

relativistic limit, 77, 84

estimators

correlation function, 206

Landy–Szalay, 206

maximum-likelihood, 348

of the CMB angular power spectrum, 345

Peebles–Hauser, 206

pseudo-C`, 348

Euclid telescope, 220, 310

fiducial parameter values, 52

fingers of God effect, 205

Fisher information matrix, 254–261

bias computation, 260, 263

constraint contours, 259

Cramer–Rao bound, 256

expression, 256

marginalization, 258

flat rotation curves, see dark matter

flatness problem, see inflation

FLRW metric, 23–24

free streaming, 275, 289

freeze-in, 114

freezeout, 79, 106–109, 117

of neutrons, 121

of particles, 108

Friedmann equation

Friedmann I, 31

Friedmann II, 42

Friedmann, Alexander, 8, 23

galaxy formation, 219

galaxy–galaxy lensing, 391

galaxy–halo connection, 218

Gamow, George, 46, 116, 118, 133

gauge freedom, 154

Gauss–Bolyai–Lobachevski geometry, 21

gravitational lensing, 371–393

convergence, 378

deflection angle, 373

Einstein angle, 394

lens equation, 372

magnification, 379, 381

microlensing, 381

optical depth, 395

point-lens, 374

potential, 378

shear, 380

SIS, 395

thin lens approximation, 378

gravitons, 85

growth of structure, 187–191

linear, 189

suppression factor, 191

Guth, Alan, 8, 145

halo model, 219

halo occupation distribution (HOD), 219

Harrison–Zeldovich–Peebles spectrum, 158,
193

Healpix, 367

helium-3, 131

helium-4, 125, 127

homogeneity, 9

horizon problem, see inflation

hot dark matter (HDM), 207

Hoyle, Fred, 116, 133

Hubble

h (rescaled H0), 17

constant, 16–17

diagram, 293

distance, 26–27

Edwin, 8, 15

law, 15

parameter, 17, 19–20

tension, 17, 53

time, 27

inflation, 136–166

consistency relation, 162

definition, 143

energy scale, 160

eternal, 164, 169

flatness problem, 136

graceful exit, 146

history, 145

horizon problem, 139

inflaton (field), 146

Lyth bound, 161

magnetic monopole problem, 140

models, 162

multiverse, see multiverse

number of e-folds, 141

preheating, 149

quantum fluctuations, 153, 155

reheating, 148–149, 170

scalar field, 146

scalar spectral index, 158

slow-roll approximation, 150

slow-roll parameters, 149–151

tensor perturbations, 157

tensor spectral index, 160

tensor-to-scalar ratio, 160

integrated Sachs–Wolfe (ISW) effecct, 334

isentropic density perturbations, see adiabatic
density perturbations

isocurvature density perturbations, 186

isotropy, 9
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James Webb Space Telescope, 332

Jeans length, 187

Kaiser–Stebbins effect, 357

kurtosis, 231

lambda, see cosmological constant

lambda-dominated era, 46

last scattering, of photons, 330

Leavitt

Henrietta, 15

law, 15

Lee–Weinberg bound, 279

Lemâıtre, Georges, 8, 23

LEP experiment, 89

Limber approximation, 387, 396

Liouville theorem, 104

lithium, 125, 131

problem, 132

LSST, see Rubin Observatory

Lyth bound, 161

MACHOs, 278, 381

magic nuclei, 118

magnetic monopoles, 140

magnitude

absolute, 293

apparent, 293

Markov chain Monte Carlo (MCMC), 248–254,
265

chain analysis, 253

illustrated example, 251

Metropolis–Hastings algorithm, 249

the art of, 252

mask of survey, 207

mass function, 212–215, 225

Press–Schechter, 214

matter-dominated era, 44

mean free path, 323

metric, 20–24

FLRW, 23–24

Minkowski, 23

microlensing, 381

Millennium simulation, 210, 425

Minkowski metric, 23

missing satellite non-problem, 281

modified gravity

Dvali–Gabadadze–Porrati (DGP) model,
307

of dark energy, 306, 308

of dark matter (MOND), 286

TeVeS, 287

multipoles, 341

multiverse, 164

N -body simulations, 208, 227

hydro simulations, 208, 219

Navarro–Frenk–White (NFW) profile,

275, 290

Nebra sky disk, 3

neutrino, 87–101

cosmic background, 98–100

cosmic mass density in, 100,
103

decoupling, 94–98

flavors, 89

history, 87

oscillations, 90

sterile, 90, 93

omega parameter, 32

of matter, 45

of radiation, 46

total, 35

optical depth to reionization, 331

Ostriker–Peebles argument, 271

parallax, 9

parsec, 9

Pauli, Wolfgang, 304

peak height, 213

peak–background split, 217

Peebles, Jim, 8, 273, 328

Perlmutter, Saul, 294, 299

phase transition

electroweak, 80

first-order (inflation), 146

for cosmic strings, 357

QCD, 80

second-order (inflation), 146

phase-space distribution function, 72

Planck

constant, 11, 71

energy scale, 304

epoch, 138

experiment, 8, 52, 322, 345, 437

mass, 12

mass, reduced, 161

power spectrum, 192–201

intuitive explanation, 194

machine-friendly, 197

of curvature perturbations, 156

pivot wavenumber, 197

primordial, 193

redshift-space distortions, see redshift-space
distortions (RSD)

scalar, 156

transfer function, 199

primordial black holes, 278

primordial non-Gaussianity, 361

probability distribution

chi-squared, 234

Gausian, 232

likelihood, 234
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log-normal, 233

marginalization, 231
PTOLEMY experiment, 99

radial coordinate, 24
radiation-dominated era, 45
radius of curvature, 31, 39
recombination, 324–327, 370
redshift, 14–15, 28–29
redshift drift, 38
redshift-space distortions (RSD), 205, 224

Kaiser RSD formula, 205

reionization, 331–332
relativistic degrees of freedom, number of, 79

Riess, Adam, 299

Roman Space Telescope, 220, 310
Rubin Observatory, 220, 310
Rubin, Vera, 268

Sachs–Wolfe effect, 333
Saha approximation, 326

Sakharov conditions, 110–112
Sandage, Allan, 17

scalar field, 146, 305

scalar spectral index, 158
running of, 159

scalar–vector–tensor decomposition, 157

scale factor, 17, 28–29
Schmidt, Brian, 294, 299
shot noise, 351, 389
sigma-eight (σ8), 212

tension, 212

Silk damping, 339, 363
single-component universe, 44
skewness, 231
Slipher, Vesto, 15
slow-roll

approximation, 150
parameters, 149–151

sound
horizon, 201, 335
horizon, at drag epoch, 201
speed of, 184, 188, 201, 335

South Pole Telescope (SPT), 359

spectral distortions, 360
standard

candles, 292
sirens, 302, 312

statistics, 229–261
Bayesian, see Bayesian statistics
BIC, 245
chi-squared), 244
credible intervals, see Bayesian statistics
Fisher matrix, see Fisher information matrix
frequentist, 238–239
goodness-of-fit, 244

kurtosis, 231
likelihood, 241
marginalization, 230

MCMC, see Markov chain Monte Carlo
(MCMC)

mean, median, mode, 230

model comparison, see Bayesian statistics
model selection, 243–246
nested models, 245
skewness, 231
variance, 231

steady-state model, 6, 38
sterile neutrinos, 90, 93
subhalos, 218

Sudbury Neutrino Observatory (SNO), 93

Sunyaev, Rashid, 8
Sunyaev–Zeldovich (SZ) effect

kinetic, 359–360
thermal, 356–359

super-Kamiokande experiment, 93
supernovae, type Ia, 293–299

Hubble diagram, 296, 311
Phillips relation, 294

tensor-to-scalar ratio, 160
Thomson scattering, 323, 358
top-down structure formation, 208
transfer function, see power spectrum
Tremaine–Gunn bound, 288
Turner, Michael, 296

units, 11

natural, 12

vacuum energy, see cosmological constant
variance, 231
virial theorem, 272, 288
voids, 205

weak gravitational lensing, 383–390
cluster masses, 392
galaxy–galaxy lensing, 391
shear power spectrum, 385–390,

396, 397

tomography, 385, 387
Wheeler, John Archibald, 371
Wick’s theorem, 350
Wiener–Khinchin theorem, 196
Wilks’ theorem, 245
WIMP, 277

miracle, 280
WMAP experiment, 8, 99, 322

Z boson, 89
Zeldovich, Yakov, 8, 100, 193, 358

Zwicky, Fritz, 268, 270, 293

www.cambridge.org/9781316513590
www.cambridge.org

