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action principle, 110
adiabatic condition, 72, 103, 298
affine parameter, 76, 289
age of the Universe, 85, 416
Alcock–Paczynski effect, 393, 401
angular diameter distance, 21, 93

comoving, 98
anisotropic models, 424
anisotropic stress, 69, 300, 333, 409
anthropic principle, 124
anti de Sitter (AdS) bulk, 277
anti de Sitter (AdS) vacuum, 118, 121
Anti de Sitter/Conformal Field Theory (AdS-CFT)

correspondence, 174
anti-symmetric tensor, 125
Aristotle, ix
assisted inflation, 150
assisted quintessence, 150
atomic clock, 204
attractor, 142, 142, 150, 182, 225, 264, 274
autonomous equations, 180, 191, 219, 271
average

ensemble, 28
sample, 28

axion, 18

backreaction, 293
baryon acoustic oscillations (BAO), 5, 102, 282, 393

effective distance, 104, 198
relative distance, 104

baryon-dominated epoch, 196
baryon–photon plasma, 55
baryonic/dark matter density, 252, 268
baryons, 1, 63, 69

big bang nucleosynthesis, 16
coupling to, 190
decoupling, 194
perturbations, 55

Bayes’ theorem, 357
Bayesian approach, 356

confidence regions, 359
estimators, 362
evidence, 358

forecasts, 368
Jeffrey’s scale, 366
marginalization, 360
model selection, 363
nuisance parameters, 360
posterior probability, 358
prior probability, 358

Bessel functions, 96
bias, 57, 397

from non-linearity, 347
in coupled models, 312
in the growth rate, 398
Kaiser’s formula, 83

Big Bang Nucleosynthesis (BBN), 15, 151
big-rip, 25, 187, 230
bispectrum, 347
black body radiation, 1
black hole, 416
Boltzmann equation, 64, 67, 93
Boltzmann’s constant, 6
Bose–Einstein distribution, 13, 65
bosonic string, 174
bosons, 14, 116
brane tension, 123
braneworld, 4, 277, 330
Brans–Dicke parameter, 258, 260, 267, 326
Brans–Dicke theory, 5, 206, 256, 258, 333
bremsstrahlung emission, 411
broken supersymmetry, 118
bulk flow, 58

Calabi–Yau (CY) manifold, 121
Calan/Tololo Supernova Survey, 90
cascading gravity, 130
Cassini tracking, 213
chameleon mechanism, 195, 205, 306

in f (R) gravity, 248
in scalar-tensor models, 267

Chandra satellite, 412, 414
Chandrasekhar limit, 87
Chaplygin gas, 225, 308
chemical potential, 13
chiral field, 117, 160
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Christoffel symbol, 8
perturbed, 44

COBE, 2, 15, 71, 93
coincidence problem, 3, 114, 182, 428
Cold Dark Matter (CDM), 17, 23, 74, 106

perturbations, 68, 72, 310
collision term, 64
comoving distance, 12, 19, 45
comoving gauge, 41
comoving wavenumber, 49, 178, 227, 256
compactification, 118, 120, 128

flux, 121
complex structure moduli, 121
Compton scattering, 66, 67
conditional probability, 358
conformal anomaly, 232
conformal factor, 162, 249, 258
conformal time, 41, 77, 384
conformal transformation, 162, 173, 248, 258
conservation equation, see continuity equation
continuity equation, 10, 135, 280, 337

perturbed, 48
Copernican principle, 292
correlation function, 28, 31, 395

in redshift space, 401
cosmic distance, 18
Cosmic Lens All-Sky Survey (CLASS), 421
Cosmic Microwave Background (CMB), 2, 15, 79, 93,

152
acoustic peak, 99
anisotropies, 5
peak position, 95
power spectrum, 97, 330, 389
shift parameter, 98, 193, 198, 282
variance, 97

cosmic shear, 403
cosmic time, 7
cosmic transparency, 426
cosmological constant, 3, 11, 55, 56, 109, 125
cosmological constant boundary, 188
cosmological constant boundary crossing, 266
cosmological density, 13, 114, 154, 248, 252
Coulomb scattering, 67
counts in cells, 37
coupled dark energy, 189, 196, 215

higher-order perturbations, 345
parametrization, 196

coupled quintessence, 163, 201, 205, 222
coupling strength, 190, 197, 202, 205, 215, 249, 259,

306
covariant derivative, 10
cross-correlation spectrum, 387
crossover scale, 280
curvature of the Universe, 7, 25, 87, 89, 278
curvature perturbations, 98
cycloid equation, 288, 348

D-brane, 121, 123, 174, 277
anti, 120, 174
BPS, 174
non-BPS, 174

D-term, 154
dark energy, 1, 13, 18, 22

clustering, 350
effective mass, 308
N-body simulations, 354
papers, 427
perturbation, 75, 391

dark matter, 1, 17, 69
candidate, 17
fuzzy, 316
perturbation, 55

de Sitter
point, 236, 240, 251, 255, 262, 273
solution, 112, 158, 173, 281
vacuum, 3, 121

decaying mode, 53
deceleration parameter, 166
decoupling epoch, 2, 93
decoupling of the cosmological constant, 129
degravitation of the vacuum, 130
density contrast, 29, 46

critical value, 349
for a scalar field, 307

density parameter, 10
deuterium, 16, 151
deviation parameter, 238
dilaton

field, 121, 160
gravity, 5, 189, 258, 260

dilatonic ghost condensate model, 173, 179, 217
dipole moment, 66, 68, 95
Dirac’s delta function, 31, 280, 455
Dirac–Born–Infeld (DBI)

action, 174
field, 176

distortion tensor, 82
distribution function, 13, 63, 64, 351
Doppler effect, 12
Doppler shift, 80
double exponential potential, 149
drag epoch, 103
duality relation, see Etherington relation
Dvali–Gabadadze–Porrati (DGP) model, 5, 277

perturbations, 330, 333

early dark energy, 149
effective equation of state, 54, 138, 145, 191, 219, 255

for f (R) models, 238
in Gauss–Bonnet models, 271
in Palatini formalism, 262

effective gravitational constant, 247, 267, 326, 333
effective potential, 201, 207, 249, 274, 313
effective string action, 161, 173
EGRET experiment, 188
eigenvalues, 140, 141, 191, 219, 240, 255, 263, 274,

372
eigenvectors, 141
Einstein, 111, 427
Einstein equations, 8, 110, 132

averaging, 293
perturbed, 44
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Einstein frame, 173, 189, 212, 248, 249, 258, 326
Einstein tensor, 8

perturbed, 45
Einstein–de Sitter universe, 386

non-linear perturbations, 340
spherical collapse, 348

electromagnetic field, 203
electron, 2, 15, 64, 66, 93, 103
energy density, 9, 14, 136, 175
energy-momentum tensor, 4, 8, 134, 136, 175

perturbed, 47
entropy, 15, 26
equation of state, 5, 11, 23, 165

k-essence, 175
phantom, 266
quintessence, 138

equivalence principle, 60, 160, 211, 251, 267
ergodic system, 29
ESSENCE, 92
Etherington relation, 22, 414, 426
Euler equation, 49, 337, 345

non-linear, 342
European Extremely Large Telescope (EELT), 422
exponential potential, 139, 163, 217, 270
extended supergravity models, 158

f (G) gravity, 276
f (R) gravity, 4, 189, 234, 258
F-term, 156
Fermi–Dirac distribution, 13, 200
fermion, 14, 116, 153
fermion condensate model, 153
field potential, 117, 122, 135, 153, 174
fifth force, 205, 210
figure of merit, 373
fine structure constant, 203
fine tuning problem, 113, 114, 428
fingers-of-god, 59, 400
Fisher matrix, 356, 368, 396

addition of, 375
for Gaussian data, 379
for weak lensing, 408
maximization, marginalization, 371
of power spectrum, 377, 391, 395
transformation of variables, 370

five-dimensional
bulk, 277
Einstein equations, 278
Einstein tensor, 279
Planck mass, 278

fixed points, 139, 180, 183, 191, 218, 239, 255, 262,
271

instantaneous, 143
stability, 140

flat universe, 85, 281, 282
flux integers, 124
4-form field, 126
four-velocity, 9, 45, 79
Fourier space, 31, 49, 65, 325, 342, 406

discretization, 377
Fourier transformation, 31, 331, 341

free streaming, 96, 316
frequentist approach, 357
Friedmann–Lemaı̂tre–Robertson–Walker (FLRW)

spacetime, 7, 18
future singularities, 230

GAIA satellite, 425
galaxy

ages, 418
clustering, 106
density contrast, 60
distribution function, 406
merging, 61
number counts, 418
power spectrum, 107
velocity distribution, 400

galaxy clusters, 411
abundance, 414
density profile, 411
depletion parameter, 414
gas fraction, 414
hydrostatic equilibrium, 413
isothermal distribution, 413
mass-temperature relation (M-T), 412
sub-structure, 421

Gamma-ray burst (GRB), 415
gauge coupling, 160
gauge field, 203
gauge transformations, 41
gauge-invariant variables, 41, 300
Gauss’s theorem, 110, 249
Gauss–Bonnet dark energy, 269
Gauss–Bonnet (GB) term, 131, 269
Gaussian initial conditions, 47, 339
General Relativity, 3, 111, 235
generalized Chaplygin gas (GCG) model, 225
geodesic equation, 19, 64, 76, 289
ghost, 25, 162, 177, 186, 269, 276, 282
ghost condensate model, 173
global supersymmetric theory, 153
globular clusters, 85, 417
gluino condensation, 118
Gold data, 92, 275
gravitational constant, 6

bare, 234
variation, 195

gravitational instability, 53, 227
gravitational lensing

giant arcs, 421
mass estimations, 412
strong, 418
time delay, 418

gravitational potential, 69, 72
large-scale solution, 51
local value, 247
present value, 74
small-scale solution, 56

gravitational waves, 43
gravitino, 157
gravity mediation, 160
growing mode, 51, 53
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growth function, 47, 74, 387, 390, 394
higher-order, 339

growth index, 56
growth rate, 56, 303, 304, 395, 398

fit, 304
from clusters, 412, 414
in coupled models, 311
in modified gravity, 328

halo, 355, 419
clusters, 419
profiles, 419

helium, 16, 151
Helmholtz’s theorem, 42
hidden sector, 160
hierarchy problem, 113
High-redshift Supernova Search Team (HSST), 1, 87
higher-order moments, 31
hot Big Bang model, 7, 112
Hot Dark Matter (HDM), 17
Hubble constant, 12, 84, 101, 113, 158
Hubble Key Project, 13, 101
Hubble parameter, 9, 88, 416

for big-rip models, 25
in braneworld models, 280
in the redshift drift, 423
measures the age of the Universe, 84
parametrization, 198
radial, 286
reconstruction of, 163
transverse, 286

Hubble radius, 51, 68, 179, 281
present, 13

Hubble radius crossing, 71
Hubble Space Telescope (HST), 92
Hubble’s law, 12, 20, 112

inflation, 1, 11, 71, 125, 236
infra-red (IR) instability, 179
initial condition, 70

adiabatic, 80, 306
instant preheating, 151
instantaneous fixed point, 263
instantaneous minima, 265, 327
Integrated Sachs–Wolfe (ISW) effect, 74, 79, 80, 93,

384, 389
cross-correlation, 306
for f (R) gravity, 323
for early acceleration, 196

intra-cluster medium, 411
intrinsic temperature fluctuation, 80
inverse power-law potential, 144, 154, 168, 204,

213

Jacobian matrix, 191, 192, 219, 263, 274
to transform the Fisher matrix, 370

Jeans length, 52, 227
Jordan frame, 206, 212, 259, 326, 327

K-correction, 88
k-essence, 4, 172, 182, 228

attractor, 184

Kachru–Kallosh–Linde–Trivedi (KKLT) model, 121
Kähler modulus, 121
Kähler potential, 117, 120, 155
Kaluza–Klein theories, 277
kinetic energy

as a fixed point, 140
for a chameleon field, 209
for phantom fields, 186
in k-essence models, 172
in spherical collapse, 349
in unified models, 229
of a scalar field, 4, 215

kinetic points, 221, 262
Klein–Gordon equation, 136

Lagrangian density, 109, 173, 190, 215, 228
�CDM model, 4, 74, 106, 109, 167, 200, 241
large extra dimensions, 277
Large Hadron Collider (LHC), 2
large-scale structure, 70, 106
last scattering surface, 2
Legendre polynomial, 66, 455
Lemaı̂tre’s model, 112
Lemaı̂tre–Tolman–Bondi (LTB) metric, 286
lensing potential, 81, 335, 409
Levi-Civita tensor, 43
LHC experiments, 18
likelihood function, 357, 369
likelihood method, 356, 359, 367
Limber equation, 405
linear expansion, 247, 251
local gravity constraints, 214, 236, 245, 252, 267, 276
local gravity experiments, 195, 205
long-range force, 4, 153, 189
longitudinal component, 42
longitudinal gauge, 41, 44
loop quantum cosmology, 233
low-energy effective string theory, 173
luminosity distance, 5, 20, 87, 163, 198
Lyman-α lines, 423

Mach’s principle, 257
Markov chain, 367
marginalization, 361, 371
mass function, 352, 410

formula, 353
mass varying neutrino, 200
massive neutrino, 56, 194, 202, 398
massless

field, 203, 267
limit, 247, 325, 326, 333
neutrino, 67, 69
particles, 63

matter Lagrangian, 129, 205, 258
matter perturbations, 55

at second order, 338
growth rate, 395
in f (R) gravity, 317
in scalar-tensor models, 324
in the braneworld model, 330
in the Palatini formalism, 257

matter point, 142, 180, 240, 255, 266
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matter power spectrum, 70, 323, 394, 395
biased, 107
in f (R) gravity, 328
in the Chaplygin model, 227
peak wavelength, 75

matter-dominated epoch, 2, 71, 73, 192, 236
membrane, 126
metric, 7
metric formalism, 234, 245, 264
Minkowski background, 177, 206, 267
Minkowski bulk, 277
modified matter models, 134, 172
modulus field, 118, 119
moments

second-order, 39
third-order, 39

momentum vector, 76
monopole moment, 66, 94
multipole moments, 68, 97

N-body simulations, 61, 353, 396, 409
Navarro–Frenk–White profile, 421
negative instability, 179
neutralino, 18
neutrinos, 2, 15, 63, 69, 70
neutrons, 16, 151
Neveu–Schwarz (NS)-NS flux, 121
Newtonian gauge, 41, 42, 44
Newtonian gravity, 11, 336
Newtonian limit, 52
Newtonian regime, 57
no-go theorem, 120
no-scale models, 119, 158
non-Gaussianity, 345, 408
non-linear regime, 31, 49, 248, 251
non-relativistic matter, 13, 16, 49, 67, 135,

189
nonminimally coupled scalar field, 260
normal ordering, 129
number of e-foldings, 53, 138

Oklo natural fission reactor, 203
open universe, 86, 90
optical depth, 66, 96, 384

Palatini formalism, 235, 253
parametrization, 93, 164, 282, 370

logarithmic, 165
redshift, 165
scale factor, 165

particle physics, 3, 113, 144, 153
Peccei–Quinn (PQ) symmetry, 158
peculiar velocity, 12, 45, 56, 57

redshift distortion, 58
perfect fluid, 46, 135, 302, 337
perfect fluid model, 4, 225
perturbations, 41

degrees of freedom, 305
entropy, 305
equations in General Relativity, 50
general fluid, 302
in f (R) gravity, 317, 324

in DGP model, 330
large-scale limit, 300
linear, 296
metric, 297, 333
perfect fluid equations, 299
scalar field, 306
scalar-tensor gravity, 324
second-order, 336
small scales, 303
small-scale limit, 310
spherical, 338
stability, 318

perturbed Hamiltonian, 178
perturbed metric, 41, 42, 43, 63
phantom, 25, 105, 173, 178, 186
φMDE, 192, 221, 239, 262
photometric redshift, 395
photon propagation, 76, 335, 384
photon–baryon plasma, 70
photons, 2, 14, 16, 63, 76
physical distance, 12
pivot point, 371
Planck mass, 6
Planck scale, 113, 159
Planck’s constant, 6
Plato, ix
Poisson equation, 50, 310, 336, 386, 406

modified, 345
Poissonian, 33
polarization, 76
positron, 15
post-Newtonian parameter, 212, 247, 267
power spectrum, 31, 71, 330, 388, 394, 405

higher-order, 346
noise, 36, 404
non-linear, 354
normalization, 39

Press–Schechter theory, 349, 351, 421
pressure, 9, 14, 136, 175
principal component analysis (PCA), 380
probability distribution function (PDF), 356, 369
protons, 16, 64, 151
Pseudo-Nambu–Goldstone Boson (PNGB), 138,

158

quadrupole, 70, 72
quantum

chromodynamics (QCD), 18, 113, 153
corrections, 161, 232
cosmology, 125
field theory, 116, 129
fluctuations, 71, 178
operators, 116
tunneling effect, 126

quarks, 153
quasars, 203, 423
quintessence, 4, 134, 163

coupled, 306
freezing models, 137, 168
mass, 153
potential, 164
thawing models, 137, 169
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quintessential inflation, 151
quintom, 188

radiation point, 180, 243, 255
radiation-dominated epoch, 2, 55, 72, 192
radiation-matter equality, 23, 72, 73, 99
radiative corrections, 159
Ramond–Ramond (R-R) flux, 121
real-time cosmology, 422
reciprocity relation, see Etherington relation
recombination, 67, 93
reconstruction, 163
redshift, 12

distortion, 59, 61, 394, 398
drift, 292, 422
surveys, 398

reduced Planck mass, 6
Regge slope parameter, 161
reheating, 151
relativistic particle, 10, 13
Ricci scalar, 8, 110, 234

perturbed, 45
Ricci tensor, 8

for LTB metric, 287
perturbed, 45

rotational modes, 43
runaway dilaton scenario, 161

Sachs–Wolfe (SW) effect, 78, 79, 80
saddle point, 141, 192, 221, 240, 255, 274
Sandage effect, see redshift drift
scalar curvature, 8
scalar field, 4, 13, 135, 172, 189, 215, 257,

269
as dark matter, 309
Compton wavelength, 316
energy-momentum tensor, 307
oscillations, 316

scalar-field dominated solution, 140, 219, 262
scalar-tensor theories, 4, 189, 258

perturbations, 324
scalaron, 235
scale factor, 7, 12
scale-invariant spectrum, 71, 98
scaling attractor, 193, 195, 223
scaling Lagrangian, 217
scaling matter era, 181, 272, 274
scaling solution, 140, 149, 177, 215, 220, 262,

272
Schwinger pair creation, 126
shear-free gauge, 44
shot-noise, 394
single fluid, 50, 225
singular isothermal sphere (SIS), 419
singularity, 223, 253

type I, 230
type II, 230
type III, 231
type IV, 231

skewness, 343, 344, 346
SLACS, 421

Sloan Digital Sky Survey (SDSS), 5, 38, 102, 104,
388, 392

slow-roll parameters, 137
smoothing, 164, 344, 351
solar mass, 420
solar system constraints, 212, 213
sound horizon, 94, 98, 193
sound speed, 47, 52, 68, 69, 94, 178, 218, 227, 230

adiabatic, 47, 298
in spherical collapse, 351
non-adiabatic, 47
of a scalar field, 307, 314
of dark energy, 390
total, 298, 301

speed of light, 6
spherical collapse, 347, 351
spherical harmonics, 96
spherically symmetric body, 207, 246
stability conditions for k-essence, 177
stability of tensor perturbations, 276
stable node, 141
stable spiral, 141
standard candle, 87, 413

GRBs, 416
statefinder, 166
stationary solution, 312
statistical homogeneity, 33
string coupling, 161
string landscape, 4, 126, 128
string mass, 160
string theory, 116, 128, 157, 160, 277
strong anthropic principle, 124
strong CP problem, 158
strong gravitational background, 253
structure formation, 2, 17
sub-horizon

approximation, 75, 256
scales, 51, 54

sudden future singularity, 230
Sunyaev–Zel’dovich effect, 290, 294
super-horizon

approximation, 72
scales, 51, 69, 71, 299

supergravity, 116, 154
effective action, 118

superluminal propagation, 179, 185
supernova, 87

absolute magnitude, 88
apparent magnitude, 87
flux, 87
type Ia (SN Ia), 1, 87, 244
type Ib, 87
type II, 87

Supernova Cosmology Project (SCP), 1, 87
SuperNova Legacy Survey (SNLS), 92, 198
superpotential, 117, 154
supersymmetric particles, 18
supersymmetric theories, 18, 116
supersymmetry, 113, 116, 156
supersymmetry breaking, 155
Swiss-cheese model, 291
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tachyon field, 174, 175, 217
temperature perturbation, 65
tensor perturbation, 276
thick-shell, 211
thin-shell, 205
thin-shell parameter, 211, 251
Thomson cross section, 66
Thomson scattering, 2
three-cycles, 128
tight coupling, 103

limit, 68, 95
top-hat filtering, 36
total equation of state, see effective equation of state
total matter perturbation, 50, 60, 227
trace, 189, 235
traceless, 189
tracker solution, 145
tracking condition, 143
transfer function, 73, 74

Bardeen–Bond–Kaiser–Szalay (BBKS), 74
transverse component, 42
two-degree Field (2dF) Galaxy Redshift Survey, 38,

104, 228, 392

ultra-violet (UV) instability, 177, 220
unbroken supersymmetry, 157
unified models of dark energy and dark matter, 225,

228
unstable node, 141
unstable spiral, 141

vacuum energy, 3, 113, 117, 125
vacuum expectation value, 160
vacuum instability, 187
varying alpha, 203
velocity divergence, 46
velocity field, 56, 60, 62

virialization, 349
in clusters, 412
radius, 349

viscosity, 338
visibility function, 96
void model, 286

warp factor, 122, 174
warped compactification, 122
weak anthropic principle, 124
weak coupling limit, 162
weak energy condition, 164
weak lensing, 78, 81, 335, 403, 409

convergence, 82
convergence spectrum, 407
distortion tensor, 404
galaxy ellipticity, 403
power spectrum, 408
shear field, 82
transformation matrix, 81

Weakly Interacting Massive Particles (WIMPs), 18
Weinberg’s bound, 125
Weyl tensor, 280
white dwarf, 85
Wiener–Khinchin theorem, 32
Wilkinson Microwave Anisotropy Probe (WMAP), 2,

17, 71, 86, 93, 99, 384
window function, 34, 58, 345

top-hat function, 34

X-ray spectra, 412
XMM-Newton satellite, 412

Yang–Mills coupling, 174
Yukawa term, 314, 327

zero-point energy, 3, 113
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