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1/N expansion, 13, 31, 185, 188, 193, 195,

197, 200, 228, 247, 300, 329, 334, 351

leading order, 329, 332, 336, 338, 345, 392,
422, 485

next-to-leading order, 13, 195, 196, 220,
336, 346, 519, 535

O(N)λΦ4 theory, 31, 126, 188, 195, 197, 200,
228, 240, 241, 300

λΦ4 theory, 39, 71, 80, 83, 101, 121, 233, 295

iǫ prescription, 319, 321, 333, 483, 499, 516,
526

Abraham–Lorentz–Dirac (ALD) equation,
15, 17, 279, 352

Abraham–Lorentz–Dirac–Langevin equation,
16

adiabatic

nth adiabatic order number state, 286

frequency corrections, 286

iterative-time WKB approximation, 284

nonadiabaticity parameter, 287, 300, 310

see regularization, adiabatic

see vacuum, adiabatic

AdS-CFT / holography, 144, 330, 431

alternative quantum theories (AQTs), 20

Diosi–Penrose, 21

Ghirardi–Remini–Weber–Pearle, 21

analog gravity, 434, 549

Hawking effect, 5

anti-time ordering, 320, 332

averaged null energy condition (ANEC), 5

background field method, 47, 86, 115, 244,
311

backreaction, 5, 15, 38, 61, 100, 150, 312,
352, 423

λΦ4 theory, 313

ALD equation, 17

cosmological particle creation, 5, 91, 283,
292, 294

with fluctuations, 391

early universe quantum processes, 3, 266

effect of spacetime dynamics, 310

effect on spacetime dynamics, 3, 80, 265

evaporating black holes, 437

fluctuation–dissipation relation, 437, 448

from fermionic particle production, 262

gravitational perturbations, 393

Hawking radiation on black holes, 4, 33,
427, 453

see black hole backreaction

inflaton fluctuation field, 295

interacting field, 62, 64

isotropization and homogenization, 292,
294

linear response theory, shortcoming, 450

necessity of self-consistency, 5, 9, 18

superhorizon fluctuations, 224

trace anomaly, 73, 273

vacuum energy, 266, 269, 270

via effective action, 5, 80, 265, 393

via equation of motion, 5, 265, 292

Bianchi identity, 526, 528

biscalar, 150

de Sitter-invariant, 470, 520, 523, 531, 536

Lorentz-invariant, 536

bitensor, 150

coincident limit, 155

de Sitter-invariant, 468, 471, 520, 524

end-point expansion, 156

geometric properties, 154

Lorentz-invariant, 537

maximally symmetric, 471, 520

of parallel transport, 155

black hole

2D dilaton gravity, 428, 456

apparent horizon, 453

as fast scrambler, 430

Bekenstein–Hawking entropy, 428, 432

Birkhoff’s theorem, 455

breakdown of predictability, 429

Callen–Giddings–Harvey–Strominger
(CGHS), 428

complementarity principle, 430

Eddington–Finkelstein coordinates, 440

end state, 5, 33, 427, 429

eternal, 427

evaporating, 5, 427, 452

firewall, 426, 430

fuzzball, 430
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black hole (cont.)

information loss, 5, 33, 429

membrane, stretched horizon, 430

negative energy density, 426

negative energy flux, 457

negative specific heat, 429

nonequilibrium thermodynamics, 434, 440,
451

particle creation, 426

phase transition, 429

quantum, 425, 428, 430

quasi-static/stationary, 426

regularized stress-energy tensor, 435

remnant, 430

black hole backreaction, 423

black hole interior, 425

far field case, 439, 444

in quasi-thermal equilibrium, 439

isothermal compressibility, 440

near-horizon case, 439, 447

susceptibility function, 440

black hole fluctuations, 426, 452

Bogoliubov transformation, 41

Boltzmann–Einstein hierarchy, 548

Brownian motion

quantum, 11, 209, 451

Casimir effect, 3, 117, 120, 141, 266

dynamical, 5

closed-time-path (CTP), 320

see effective action, ‘in-in’

see Green function, Schwinger–Keldysh
‘in-in’ or CTP

nonequilibrium dynamics, 106

coarse-graining, 2

complex time path, 108

conformal

coupling, 379, 391, 394

field, 379

action, 485

early universe, 391, 483

general, 509, 534

flatness, 395

transformation, 394

conformal anomaly

see trace anomaly

conformal transformation, 45, 46, 154, 164,
170

correlation function, 193, 195, 196, 211, 214,
215, 219, 223, 233, 246, 249, 250, 297,
301

autocorrelation, 133, 134

Boltzmann–BBGKY hierarchy, 31

Boltzmann-BBGKY hierarchy, 544

correlation hierarchy, 31, 232, 240, 249, 256

Einstein tensor correlation, 375, 385

de Sitter space, 481

order reduction, 386

from regularized effective action, 133

Gaussian stochastic tensor, 416

graviton, 225

metric correlation, 344, 378, 386

conformal field, 387

one-loop, 332

quantum metric fluctuations, 344, 345,
347, 349, 351, 420, 483

Ricci tensor correlation

de Sitter space, 526, 531

Minkowski, 538

one-loop, 531, 538

stress-energy tensor correlation, 533

Ricci–Weyl tensors correlation

de Sitter space, 526, 531

Minkowski, 538

one-loop, 531, 538

Riemann tensor correlation, 34

conformal field theory, 534

de Sitter space, 519, 534

de Sitter-invariant, 523

gauge-invariant, 522, 535

local observable, 519, 535

Minkowski, 520

scalar metric fluctuations, 416

one-loop, 508

spherically symmetric fluctuations, 457

stochastic field, 367

stochastic metric fluctuations, 344, 345,
348, 420

stochastic variables, 189, 196

see noise kernel

stress-energy tensor, 133, 134, 147

tensor metric fluctuations, 494

one-loop, 498, 499, 505, 508

power spectrum, 500

tree level, 494

vector metric fluctuations

one-loop, 508

Weyl tensor correlation

de Sitter space, 482, 526

Minkowski, 537

one-loop, 527, 537

super/sub-horizon scales, 529

Weyl tensor, linearized, 226

correlation length, 198

cosmological constant, 53, 122, 271, 276, 470,
485

effective, 489

cosmological singularity, 272

quantum effects, 274, 277, 280

cosmological solutions

www.cambridge.org/9780521193573
www.cambridge.org


Cambridge University Press
978-0-521-19357-3 — Semiclassical and Stochastic Gravity
Bei-Lok B. Hu , Enric Verdaguer 
Index
More Information

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

Index 593

‘velocity-dominated’, 90

Belinsky–Khalatnikov–Lifshitz, 90

see universe, Friedmann–Lemâıtre–
Robertson–Walker
(FLRW)

inhomogeneous Kasner, 90

Kasner, 90

Misner, 91

cosmology

f(R) gravity, 274, 275, 281, 282

see backreaction – cosmological particle
creation, early universe quantum
processes

chaotic, 3

de Sitter space, 467, 483, 520

FLRW background, 394

inflationary, 295, 410

see inflation

metric perturbations, 394

quantum, 6, 15

semiclassical, 15

standard model, 44

structure formation, 32, 410

critical phenomena, 186

anomalous dimension, 195

broken-symmetry state, 199

Coleman–Hohenberg–Mermin–Wagner
theorem, 199, 205

critical point, 199

finite size effect, 197

generalized susceptibility function, 199

inflationary cosmology, 186

Kadanoff–Migdal transformation, 208

spontaneous symmetry breaking, 200

curvature perturbation

gauge-invariant variable, 420

superhorizon, 421

curvature tensor

conformally related, 407

metric perturbations, 406

Ricci, 53, 72, 330, 340

Riemann, 53, 72, 330, 340

scalar, 72, 330, 340

Weyl, 8, 53, 54, 96, 271, 294, 340

de Sitter space, 117, 179

Bunch–Davies vacuum, 417, 479, 526

see vacuum, Bunch–Davies

conformal diagram, 469

cosmological constant, 470

Euclidean, 114, 126, 127

Poincaré patch, 417, 469, 489, 521, 525

static, 114

decoherence, 5, 14

environment-induced, 6, 210

gravitational, 20

in cosmology, 209

in quantum gravity, 21

decoupling theorem, 185, 198

density matrix, 89, 106, 108, 240, 328

dissipation kernel, 367, 372, 445, 447

dissipative dynamics, 5, 264

nonlocal, 10, 246, 278, 439, 449, 450

quantum, 18, 100, 294

divergences infrared (IR)

see infrared behavior, Chapter 6

divergences ultraviolet (UV)

see regularization/renormalization

effective action, 37, 114, 126, 318

‘in-in’, 2, 7, 38, 85, 89, 96, 229, 242, 266,
321, 325, 327, 354, 394, 423

conformal field theory, 509, 512

via Bogoliubov coefficients, 440

for metric perturbations, 331, 397, 486

quasi-static black holes, 442

scalar, vector, tensor parts, 492

‘in-out’, 7, 38, 46, 48, 79, 91, 319

coarse-grained (CGEA), 16, 153, 256, 311,
313

CTP, 325, 327, 330, 354, 356

see effective action, ‘in-in’

first metric variation, 133

master, 233, 240, 249

nPI formalism, 237

one-loop, 330

one-particle-irreducible (1PI), 29, 108, 231,
264

quasilocal, 38, 64, 69, 224

second metric variation, 113, 133, 135

stochastic, 16, 359, 398, 449

two-particle-irreducible (2PI), 29, 185, 193,
194, 197, 201, 229, 232, 237, 243, 256,
296

Vilkovisky–DeWitt, 29, 78

effective field, 48, 114, 319

effective field theory, 12, 279, 282, 352, 541

low energy, 330

effective geometry, 49, 62, 79, 80, 94

effective mass, 66, 70, 71, 115, 121, 188, 199,
204, 216, 250, 255, 302

effective potential, 37, 114, 121, 187, 199, 204

Coleman–Weinberg, 37, 78, 125, 281

Einstein equation

scalar metric perturbations, 413

Einstein–Hilbert action, 331

Einstein–Langevin equation, 10, 343, 359,
361, 449, 455, 459, 545

dimensional regularization, 371

FLRW background, 398

www.cambridge.org/9780521193573
www.cambridge.org


Cambridge University Press
978-0-521-19357-3 — Semiclassical and Stochastic Gravity
Bei-Lok B. Hu , Enric Verdaguer 
Index
More Information

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

594 Index

Einstein–Langevin equation (cont.)

gauge-invariant, 344

Minkowski spacetime, 367, 371, 373

nonrelativistic weak field limit, 26

scalar metric perturbations, 412, 415, 419

solutions, 374

emergence, 542

deductive-predictive theories, 543

nondeductive theories, 543

emergent gravity, 540, 541

‘top-down’ approach, 542

from micro to macro, 542

equation of state, 288, 298

Euler density, 340, 396, 485, 510

event horizon, 5, 426

Fermion fields, 346, 510

Feynman graphs, 92, 96, 202, 219, 231, 236,
244, 334, 335

connected, 318

one-particle-irreducible, 319

stochastic process, 213

Feynman rules, 58, 103, 220

Schwinger–Keldysh ‘in-in’ or CTP, 85

Feynman–Vernon

functional identity, 16

influence functional, 354

see influence functional

fluctuation-dissipation

kernel, 11

relation (FDR), 11, 18, 437

fluctuations, 2, 13

black hole horizon, 4, 452, 457, 458

Einstein tensor, 375

energy density, 140

energy flux, 457

fluctuation operator, 197, 202

inflaton field, 32, 411

metric, 344, 349, 382, 385, 399, 418

metric correlation, 345, 349, 418

Newtonian force, 26

spacetime conductance, 546

stress-energy tensor, 342, 348, 365, 398

Fokker–Planck equation, 196, 210, 223, 253

Friedmann equations

inflaton mean field, 412

gap equation, 196, 214, 236, 239, 246, 250,
254, 264, 301

Gauss–Bonnet identity, 52, 340, 356

Gaussian path integral, 359, 396

Gaussian stochastic field, 348, 349, 398

Gaussian stochastic tensor, 359

properties, 343

general relativity, 2

as effective field theory, 12, 327, 340, 355,
431, 485, 540, 546

geometro-hydrodynamics, 434

spacetime thermodynamics, 434

generating functional, 47, 82, 106, 108, 216,
318, 320, 328, 332

1/N expansion, 247

CTP, 229, 233, 320, 332

for O(N) theory in curved spacetime, 242

for connected graphs, 229

one-loop, 329

two-particle-irreducible, 201, 238

geometrodynamics, 9

grand unification theory (GUT), 37

gravitational action, 328, 340, 395, 485

renormalized, 397

gravitational coupling, 328, 334

rescaled, 330, 335, 485

gravitational perturbations, 111

gravitational quantum physics (GQP), 1, 20

gravitational waves

background, 392

graviton loops, 336

graviton propagator, 346

dressed, 336

conformal fields, 499

Green function

advanced, 212

Dyson, 84, 324, 326

Euclidean, 68, 127

Feynman, 57, 84, 115, 324, 326

Gaussian approximation, 165, 166, 439

momentum space representation, 59, 69

renormalized, 167

retarded, 212, 255, 263, 455

Riemann normal coordinate expansion, 68

Schwinger–Keldysh ‘in-in’ or CTP, 84, 96,
443, 447

Wightman function, 84, 163

Hadamard

‘HaMiDeW’ coefficients, 65, 72, 120, 166,
252

expansion, 161, 166

function, 158

kernels, 263

state, 340

harmonic analysis, 64

group theoretical methods, 64

homogeneous/symmetric spaces, 64, 120

harmonic gauge, 382

Hartree approximation, 23, 249, 252

Hartree–Fock approximation, 245, 262

Hartree–Fock–Bogoliubov approximation,

247
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Hawking radiation, 3, 179, 426, 440

grey-body factor, 454

Hawking–Hertog–Reall

prescription, 384

heat kernel, 71, 115, 251

Heisenberg

operator, 419

picture, 318, 338, 347, 366

uncertainty principle, 341

higher derivative gravity, 353

histories

coarse-grained, 19

consistent, 6, 14

decoherent, 6

fine-grained, 19

Hubble parameter, 469, 489, 520, 529, 536

induced gravity, 37

inflation

(p)reheating, 38, 256, 295, 310

‘chaotic’: Linde, 4, 280, 310

‘flatness’ problem, 268

‘new’, 4, 37, 186, 280

‘old’: Guth, 4, 37, 186, 280

‘slow-roll’, 38, 280, 295, 299, 309, 417

cosmological perturbations, 410

inflaton dynamics, 264, 296, 301

inflaton fluctuation field, 301, 310, 411

Starobinsky, 31, 33, 274, 276, 280, 282

stochastic, 189, 193, 209, 280, 311

structure formation, 410

trace-anomaly-induced, 33, 353

influence action, 329, 355, 356, 396

imaginary part, 358, 401

metric perturbations, 394, 405

renormalized, 397, 512

influence functional, 2, 89, 112, 153, 256,
354, 355, 444, 449

infrared behavior, 185

λΦ4 theory, 188

curvature & topology effects, 187, 195,
197, 204

curvature-field coupling effects, 187, 199

daisy or cactus diagrams, 193, 195, 200,
201, 203, 204, 220

dimensional reduction, 190, 197, 221

dynamical finite size effect, 189, 199, 208,
223

dynamical mass, 211

effective infrared dimension (EIRD), 188,
197, 198, 221

Euclidean zero-mode dominance, 188–190,
194, 197, 253, 255

finite size effect, 188

in Einstein universe, 125

in Euclidean de Sitter (EdS), 189, 194, 196

in Lorentzian de Sitter (LdS), 189, 194,
215, 467

infrared divergence, 190, 192, 194, 200

infrared logarithm, 192, 193

infrared-safe observable, 483, 535

resummation method, 190, 213, 214

stochastic approach, 189, 194, 211, 223,
253, 255

integro-differential equation, 8, 95, 230, 235,
278, 291, 311

Kaluza–Klein theory, 37, 114, 198, 269

kernels for vacuum state, 362, 367

Killing vector, 43

Klein–Gordon equation, 338

inflaton field, 413

inflaton mean field, 419

Wightman function, 475

Kramers equation, 214

Langevin equation, 16, 348

see Einstein–Langevin equation,
ALD–Langevin equation

Laplace–Beltrami operator, 37, 43, 65, 102,
115, 121

Legendre transformation, 319, 321

Lifshitz equation, 46, 64

Lorentz gauge, 345, 382

matter fields action, 328, 338

mean field theory, 13

Mellin transform, 115, 135

mesoscopic behavior of spacetimes, 463

metric

de Sitter, 469, 488, 522

FLRW, 394, 469

Minkowski, 365, 536

optical, 119, 164

optical Schwarzschild, 150, 169

ultra-static, 151, 164, 166

Vaidya, 427

metric fluctuations

active, 350

see black hole fluctuations

conformal field, 387

evaporating black hole, 455, 459, 460

from backreaction of quantum processes,
426

induced, 4, 152, 345, 350, 385, 428, 455,
481

secular terms, 501

intrinsic, 345, 350, 382, 428, 455, 481

secular terms, 501

operational meaning, 457
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metric fluctuations (cont.)

passive, 350

scale-invariant spectrum, 418

stochastic, 386, 449

de Sitter space, 502

metric perturbations, 328, 330, 343, 357,
367

Bardeen gauge-invariant variables, 411

classification, 489

FLRW background, 394

gauge-fixing, 491

metric stochasticity, 462

Minkowski space

stability, 381

moving mirror, 5

Newton–Schrödinger equation (NSE), 2, 20

many-particle NSE not from SCE, 24

not from GR+QFT, 22

noise

colored, 2, 9, 278, 439

quantum, 44

noise kernel, 4, 113, 144, 150, 154, 159, 342,
361, 367, 372, 398, 438, 444, 447, 455

in de Sitter and AdS spacetimes, 178

de Sitter space, 473

conformal fields, 502

massless limit discontinuity, 477

super/sub-horizon scales, 475

de Sitter-invariant, 473

hot flat space, 178

in Minkowski spacetime, 176

inflaton fluctuating field, 414

near de Sitter horizon, 181

near Schwarzschild horizon, 457, 460

optical Schwarzschild metric, 175

positive semi-definite, 343

smearing/test function, 177

trace of, 150

under conformal transformation, 175

via covariant derivative of the Green
functions, 170

nonequilibrium dynamics, 101, 106, 112, 255,
266

nonlinear sigma model, 207, 463

nonMarkovian dynamics, 2, 8, 80, 209, 292

nonperturbative effect, 187

open quantum systems, 2, 111, 278, 311

open system, 6, 100

operator

invariant, 114

see Laplace–Beltrami operator

small fluctuation, 115, 131

order reduction, 15, 277, 308, 350, 352, 353,
488

prescription, 384

particle creation, 3, 89, 100, 295

creation and annihilation operators, 40

fermion field, 262, 264

graviton in FLRW universe, 288

in anisotropic universe, 292

in inhomogeneous universe, 294, 401

interacting field, 62, 106

probability density, 64

S-matrix, 40

particle model, 40

path ordering, 321, 332

phase transition

Hawking-Page, 429

see infrared behavior

nucleation, 187, 280

spinodal decomposition, 187, 280

Plana sum formula, 123

Planck energy, 271

Planck length, 37, 328, 340

Planck mass, 38, 271, 328

Planck time, 37

point separation

covariance, 151

spacetime structure, 151

pointer basis, 14

power spectrum

super/sub-horizon scales, 500

probability distribution functional, 359

projector, 370, 402, 497

propagator, 323, 325, 326

CTP, 333, 396

Dyson, 396

Feynman, 362, 366, 396

graviton, 345

de Sitter space, 497

one-loop, 499, 516

retarded, 347

scalar metric fluctuations, 416

tensor metric fluctuations, 502

quantization

canonical, 43, 283, 318, 338, 495

Fock space, 43

second, 44

quantum chromodynamics, 1

quantum cosmology

anomaly/instanton-driven inflation, 282

minisuperspace, 15, 266, 312

Wheeler–DeWitt equation, 28, 312

quantum electrodynamics, 1

non-relativistic limit, 25
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quantum entanglement, 20

gravitational, 20

gravitational cat (‘gravcat’) state, 26

Schrödinger’s cat, 26

quantum field theory (QFT), 2

boundary value (in-out) formulation, 38,
80

commutation relation, 40

curved spacetime (CST), 2, 28, 42, 87, 150,
237, 271, 326, 338

dynamical spacetimes, 283

Euclidean, 118

expectation values, 38, 79, 246

finite temperature (thermal field), 106

initial value (in-in) formulation, 38, 80

interacting field, 56, 328, 484

interaction picture, 318

Klein–Gordon equation, 39, 50, 190,
338

mean field, 232, 233, 239, 240, 246

nonequilibrium, 89, 233

nonlocality, 431

path integral representation, 83

transition amplitude, 38, 79

variance, 232, 234, 240, 257, 262, 296,
302–305, 309

quantum gravity, 1, 428, 540, 541

‘bottom-up’ approach, 543

asymptotic safety, 1

Boltzmann–Einstein Hierarchy, 548

canonical, 1, 425

causal dynamical triangulation, 1

causal sets, 1

effective theory approach, 548

from macro to micro, 544

graviton loop, 190, 193, 226, 227

group field theory, 1

kinetic theory approach, 31, 548

loops, 1

perturbative: graviton, 1, 225

simplicies: Regge calculus, 1

spin network, 1

string theory, 1, 271

tensor network, 541

quantum information, 20

black hole, 430, 432

entangled states, 432

entanglement entropy, 433, 541

gravitational, 21

Page time, 432

relativistic, 21

tensor network, 545

quantum mechanics

‘many-world’ interpretation, 28

emergent: trace dynamics, 21

macroscopic, 22

radiation reaction, 17, 19

gravitational, 353, 424

regularization

adiabatic, 3, 42, 283, 286, 303

dimensional, 3, 73, 92, 116, 175, 250, 339,
361, 365, 397, 443

momentum integrals, 408

n-wave, 284

Pauli–Villars, 399

point-separation, 3, 150

see point-separation regularization

see zeta function regularization

renormalization

‘in-in’ effective action, 101

conditions, 74

consistent procedure, 252

counter action, 51, 54, 60, 73, 88, 94, 329,
395, 485, 511

higher-order curvature terms, 74

one-loop effective Lagrangian, 77

parameters, 74, 340, 396, 399, 485, 500,
513, 534

quantum fields in curved spacetime, 88

tensor counterterm, 339

renormalization group (RG), 186, 196, 513

functional, 237

nonperturbative, 190, 194, 221

RG equations, 65, 75

RG-improved effective Lagrangian, 78

representation function, 117

hyperspherical harmonics, 145

Riemann normal coordinate, 68, 159

runaway solutions, 352

scalar fields action, 338

scalar quantum electrodynamics (SQED),
130, 188, 207

Schrödinger equation, 23, 25, 318

Schwinger process, 5

Schwinger proper time formalism, 114

Schwinger–DeWitt

see effective action, in-out

proper-time formalism, 64, 74, 165, 251

Schwinger–Dyson equation, 31, 194, 195,
213, 240, 247, 319, 344, 544

Schwinger–Keldysh

see effective action, ‘in-in’

see Green function, Schwinger–Keldysh

‘in-in’ or CTP
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semiclassical Einstein equation (SCE), 3, 53,
55, 102, 154, 239, 246, 249, 265, 271,
272, 331, 340, 441

black hole in quasi-equilibrium, 439

FLRW background, 400

nonrelativistic limit, 24

renormalized, 307

self-consistency, 5

solutions, 273, 275

semiclassical gravity, 3, 6, 88, 150, 228, 239,
265, 270, 355

applicability, 427

as mean field theory, 10

axiomatic approach, 338

effective geometry, 49, 62, 79, 94

validity, 4, 349

semiclassical solution

de Sitter, 488

Minkowski, 365

plane waves, 365

stability, 351, 381

smearing function, 6, 457

space

anti-de Sitter (AdS), 117, 133, 144

cylindrical, 114

hyperbolic, 144

Schwarzschild–AdS, 425

spacetime

fractal structures, 547

maximally-symmetric, 117

Reissner–Nordström, 114, 425, 436, 437

Schwarzschild, 114, 423, 435, 436, 439–441,
447, 458, 460, 462

ultrastatic, 144

spinodal decomposition, 264

spinor field, 255

stochastic Boltzmann equation, 546

stochastic gravity, 1, 4, 10, 150, 152

as effective field theory, 13

advantages and limitations, 549

axiomatic approach, 12, 342

functional approach, 12

influence action, 357

stochastic processes, 14

quantum, 11

stochastic spacetime, 463

stress-energy

autocorrelation, 139

bitensor, 4, 135, 137, 153

correlation function, 31, 113, 132, 137, 147

see noise kernel

fluctuations, 28, 153, 456, 460

stress-energy tensor, 41, 134, 139, 214, 239,
298, 303, 304, 306, 356

coincidence limit, 163, 248

conformal field, 399

fluctuations, 341, 344, 348

higher moments, 547

in Schwarzschild spacetime, 454

inflaton field, 413

minimally coupled field, 412, 473

operator, 339, 362, 366

point separated, 158

renormalized, 366

scalar field, 339, 365, 374

symmetry breaking

see infrared behavior

Synge’s theorem, 155, 163

thermal field theory, 109, 116

basis of 14 tensors, 444

closed-time-path contour, 111

closed-time-path effective action, 106, 112

ctp effective action two fields, 111

energy density, 120, 268

graviton polarization tensor, 446

hot flat space, 133, 144, 169

imaginary time formalism, 106, 114

in hot flat space, 439

infrared behavior, 185

Kubo–Martin–Schwinger (KMS) relation,
110, 118

real time formalism, 106

thermal density matrix, 443

thermal Green function, 118

thermal propagator, 109, 443

thermalization, 249, 295, 311

time ordering, 318, 332, 358

trace anomaly, 31, 51, 52, 72, 93, 105, 267,
270, 308, 510

FLRW background, 400

trans-Planckian physics, 4, 462

universe

‘puff’, 267

Bianchi, 3, 7, 45, 89

de Sitter, 4

see de Sitter space

Einstein, 117, 121, 266

Friedmann–Lemâıtre–Robertson–Walker
(FLRW), 4, 44, 90

Kantowski–Sachs, 425

large scale structure, 392

mixmaster, 89, 117, 312

Taub, 90, 117, 269

Unruh effect, 5, 117

vacuum, 40, 43, 318

adiabatic, 42, 283, 284, 286, 319, 321, 329

asymptotic, 319, 333
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interacting theory, 483, 526
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false, 199
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inequivalence, 44
instability, 42, 79
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n-point functions, 229
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Unruh, 431, 454

vacuum energy density, 51, 117, 267
adiabatic regularized, 287
fluctuations, 139, 177
variance, 143

vacuum expectation value, 51, 158, 271
stress-energy bitensor, 168
stress-energy fluctuations, 139
stress-energy tensor, 101, 113, 132, 135,
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vacuum polarization, 273, 456
Van Vleck–Morette determinant, 156
viscosity function, 8, 298

Wald’s axioms, 3, 54, 161, 175, 340
wave equation

in curved spacetime, 37
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wave function
collapse, 20, 23
of the Universe, 312

Weinberg angle, 269
Weyl ordering, 339, 358
Wick’s theorem, 97, 159, 474
Wightman function, 324, 326, 362, 366, 396,

474
Wigner function, 214
world function, 155, 156, 168
wormholes

traversable, 6
Wronskian, 40, 289, 309

Yukawa coupling, 228
Yukawa theory, 207, 256

zeta function
generalized, 115, 127
Riemann, 115, 120

reflection formula, 143
second variation, 133, 138

zeta function regularization, 3, 113, 116, 123,
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1-loop effective potential, 124
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