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abelian Higgs model, 379
adiabatic approximation, 316
adiabatic basis, 105
adiabatic expansion, 316
adiabatic frequency corrections, 102
adiabatic number state, 114
adiabatic order, 316
adiabatic regularization, 100
adiabatic solution, 102
adiabatic vacuum, 100, 102
AdS/CFT correspondence, 366
alkali gases, 391
anisotropy damping, 380
anomalous density, 399
anomalous dimension, 473
anti-ghost fields, 218
atom–atom interaction, 397

back-reaction, 27
background field method, 343
bag constant, 430
baked Alaska, 431
bare-vertex approximation, 379
BEC-BCS cross-over, 391
Becchi–Rouet–Stora–Tyutin (BRST)

charge, 220
closed, 221
exact, 221
invariance, 218
transformation, 219

Beliaev damping, 410
beta function, 366
Bjorken model, 430
Bogoliubov approximation, 393, 406
Bogoliubov coefficients, 99
Bogoliubov transformation, 98, 421
Bogoliubov–Born–Green–Kirkwood–Yvon

(BBGKY) hierarchy, 29, 51
Boltzmann entropy, 261
Boltzmann equation, 54, 56, 313, 323, 356,

385
Boltzmann theory, 7
Boltzmann–Langevin equation, 313, 325
Bose enhancement, 325
Bose–Einstein condensates, 391

Bose–Einstein condensation, 391
Bose–Einstein distribution, 296, 306
Bose–Einstein statistics, 292
Bose–Nova, 392
bottom-up scenario, 438
Bragg peak, 278
break-up, 432
Brownian motion, 42
bulk stress, 363
bulk viscosity, 350, 351, 365, 366, 370

canonical ensemble, 291
Centauro events, 439
central region, 431
chaotic dynamics, 15
Chapman–Komogorov equation, 35
chemical equilibration, 385
chemical freeze-out, 433
chemical potential, 346, 385, 424
chiral symmetry restoration, 439
Christoffel symbols, 338
classical virial theorem, 42
closed system, 27
closed time path, 66

boundary condition, 182
coarse graining, 20
coherent state, 394, 422
coherent state representation, 393
Coleman–Jackiw–Politzer auxiliary field, 441
collective variable, 409
collinear events, 438
collision integral, 322, 360, 361
collision term, 356
collision time approximation, 58, 311, 363
collisionless plasma, 299
color glass condensate, 438
condensate band, 415
condensate occupation number, 423
condensate wavefunction, 418, 423
confinement, 430
conformally invariant theory, 366
conserving theory, 402
consistent histories approach to quantum

mechanics, 86
constitutive relations, 360
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correlation entropy, 258
cosmological constant, 356, 357
covariant derivative, 335, 338
critical temperature, 297, 430

Debye mass, 298
decoherence, 278
decoherence functional, 87
decoherence time, 274, 278
density of states, 303, 317, 323, 377
diffusion, 7

anomalous, 81
normal, 81

diffusion constant, 370
Dirac action, 301
Dirac adjoint spinor, 301
Dirac matrices, 301
Dirac spinor, 300, 342
directed flow, 434
disoriented chiral condensate, 380, 439
displacement operator, 134
dissipation, 7
dissipative system, 13
distribution function

s particle, 50
one-particle, 50, 317, 318

divergence type theory, 352, 385
domain structure, 280
dynamical Debye screening approximation,

379
dynamical renormalization group, 315, 382
dynamo amplification, 483

early universe, 281
Eckart prescription, 349
effective action

closed time path, 181
coarse grained, 164

coarse grained, 148
Euclidean, 176
in-out, 177
loop expansion, 149
master, 257
one-particle irreducible, 319
two-particle irreducible, 195, 297, 316

effective potential, 175
effectively open systems, 29
Einstein relation, 40, 42, 158
Einstein–Podolsky–Rosen (EPR) paradox, 61
Einstein–Smolochousky, 31
elliptic flow, 434
emission function, 435
energy, 346
energy–momentum tensor, 56, 347
entropy, 346

entropy current, 56, 348, 350, 357
entropy function, 253
entropy of quantum fields, 251, 252, 255
entropy production, 348, 350, 356
equal-time canonical commutation relations,

96
equilibrium, 12
equipartition theorem, 39, 40
ergodic hypothesis, 12
Euclidean action, 176
exact renormalization group, 471
extensive parameters, 346
extensive quantities, 347

Fadeev–Popov method, 427
Fermi–Dirac distribution, 303
Fermi–Dirac statistics, 292
Feynman–Vernon influence functional, 60,

69, 151
field tensor, 215
filamentation instability, 438
first law, 346, 348
first-order theory, 385
first viscosity, 351
Floquet exponents, 118
Floquet theory, 118
fluctuation–dissipation kernel, 158
fluctuation–dissipation theorem, 28, 40, 43,

44, 78, 145, 193, 243, 296, 312, 367, 393
Fock representation, 261
Fock–Schwinger gauge, 331, 334
Fokker–Planck equation, 38, 46, 47, 160
fragmentation region, 431
free energy, 291, 369
frequency

negative, 97
positive, 97

fully developed turbulence, 383

gain process, 324
galactic dynamo, 483
Galilei invariance, 368
gap equation, 297, 326, 356, 364
gapless theory, 402
gauge covariant derivative operator, 214
gauge fixing fermion, 219
gauge fixing parameter, 218
Gaussian approximation, 379
Gell-Mann–Low boundary condition, 189
generating functional

closed time path, 181, 292
Euclidean, 176
in-out, 177
two-particle irreducible, 195

ghost charge, 221

www.cambridge.org/9781009289986
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-28998-6 — Nonequilibrium Quantum Field Theory
Esteban A. Calzetta , Bei-Lok B. Hu
Index
More Information

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

532 Index

ghost fields, 218
ghost number, 218
Gibbs–Duhem relation, 346, 348, 418
gluon branching, 438
gluon emission, 366
gluon joining, 366
gluon splitting, 366
Goldstone theorem, 440
Gorkov equations, 379
grand canonical ensemble, 291
grand canonical partition function, 346
Gross–Pitaevskii equation, 379, 393, 406

H-theorem, 56, 356
Hadamard finite part prescription, 79
hadrons, 432
Hamilton equations, 49
Hanbury-Brown/Twiss (HBT) correlations,

436
Hanbury-Brown/Twiss (HBT) puzzle, 437
hard thermal loop resummation, 298
hard thermal loops, 306
Hartree approximation, 378
Hartree–Fock–Bogoliubov approximation,

380, 393, 407
Hawking effect, 125
Hawking radiation, 125, 136
healing length, 398, 409
heat conductivity, 351, 370
heat equation, 370
heat transfer, 349
Heisenberg equation, 61
Hessian, 318
Hilbert transform, 174
homogeneous functions, 346
homogeneous mode, 409
Hugenholtz–Pines theorem, 392, 402
hydrodynamics, 349

ideal fluid, 349
inflationary cosmology, 448
inflaton field, 281
influence action, 69, 151
influence functional, 60
initial time singularity, 207
instantaneous diagonalization, 105
integrability conditions, 358
intensive parameters, 346
intensive quantities, 347
inverse temperature vector, 348
inverted harmonic oscillator, 266
irreversibility, 3
irrotational fluid, 418
isospin, 439
Israel–Stewart theory, 385

Kadanoff–Baym equations, 315, 323, 353,
378

Keldysh representation, 317, 320
kernel

dissipation, 71
noise, 71, 187

Kibble–Zurek mechanism, 274
Killing field, 348
kinetic freeze-out, 433
Klein–Gordon equation, 96
Kolmogorov 1941 theory, 383
Kramers–Kronig relations, 174, 319
Kramers–Moyal equation, 47, 79

quantum, 81
Kramers–Moyal expansion, 37, 64
Krook–Bhatnager–Gross kinetic equation, 58
Kubo–Martin–Schwinger (KMS) theorem,

222, 294, 313, 369, 377
Bose–Einstein statistics, 295
Fermi–Dirac statistics, 303

Kugo–Hata ansatz, 222

Landau damping, 299, 410
Landau kinetic equation, 385
Landau–Lifshitz prescription, 349, 352
Landau–Pomeranchuk–Migdal effect, 366,

438
Langevin equation, 45, 73, 75, 157, 167, 368
Langevin theory, 7, 29
Laplace–Beltrami operator, 122
Large Hadron Collider (LHC), 429
large N approximation, 378
lattice QCD, 380
leading logs, 328
Lehman representation, 296
Levi-Civita connection, 338
linear entropy, 264
linear response theory, 293, 312, 367, 401
linear sigma model, 440
Liouville equation, 48, 50, 255
Liouville–von Neumann equation, 61
local Lorentz transformation, 342
long-range coherence, 422, 423
loop expansion, 190
Lorentz force, 333
Loschmidt paradox, 18
loss process, 324
Lyapunov exponent, 6

M theory, 367
magneto-optical traps, 391
Markov processes, 35
mass renormalization, 327
mass shell, 320
mass-shell condition, 309
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mass-shell constraint, 333, 341
master equation, 73, 282, 284

quantum functional, 158
Matsubara contour, 292
Maxwell action, 300
Maxwell field tensor, 301
mean field approximation, 379
mean free time, 363
mesons, 429
microcanonical ensemble, 11
MINIMAX, 439
Minkowski modes, 98
mixing system, 12
modes

hard, 305
soft, 305
ultrasoft, 305

molecular chaos, 14, 52, 53
Mott transition, 391

N representation, 261
Nakanishi–Lautrup field, 218
natural frequency, 259
Navier–Stokes equation, 349, 352
Noether’s theorem, 397
noise

colored, 156
multiplicative, 157

nonabelian charge, 336
nonabelian plasmas, 365
nonadiabaticity parameter, 113
noncondensate band, 415
nonequilibrium quantum field theory, 3
nonequilibrium renormalization group, 385,

470
nonequilibrium statistical mechanics, 3
nonlinear sigma model, 440
nonrelativistic thermodynamics, 346
normal density, 399
normal neighborhood, 338
Novikov identity, 44, 46
numerical simulations, 374

ohmic bath, 78
one-body density matrix, 422
one-loop approximation, 393, 407
Onsager’s principle, 368
optical lattices, 391
Ornstein–Zernike approximation, 376

parabolic cylinder functions, 110
parallel transport, 342
parametric amplification, 382
parametric resonance, 118
particle creation

in dynamical spacetime, 121
in external fields, 106

particle model, 97
particle number, 346
particle number conserving formalism, 393,

420
particle–hole pair, 423
parton saturation, 437
Pauli blocking, 378
Pauli matrices, 398
persistent structure, 21
phase transition

quantum , 270
second order, 271
slow-rollover, 283

Φ-derivable theories, 392, 402
phonon, 409
pion bunching, 436
pions, 429
Poincaré recurrence, 17
Poisson bracket, 47, 320
Popov approximation, 393, 407
potential

φ4, 95
ϕ3, 177
contact, 398

pre-thermalization, 381
preheating, 381, 475
pressure, 346
primordial magnetic fields, 482
probability theory, 31
projection operator, 20, 256
propagator

advanced, 172
almost translation invariant, 315
Dyson, 152, 171
Feynman, 152, 171
for Dirac fields, 302
Hadamard, 172
Jordan, 172
negative frequency, 152, 171
positive frequency, 171
retarded, 172
thermal, 294
translation invariant, 315

proton, 429
pseudo-rapidity, 431
pseudo-scalars, 429

QCD energy scale, 429
quantum information processing, 391
quantum open systems, 26
quantum-to-classical transition, 281
quark condensate, 430
quark–gluon liquid, 374, 430
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quark–gluon plasma, 430
quarks, 430
quasi-condensates, 422
quasi-particle approximation, 320
quench, 271

instantaneous, 274
slow, 274
transition time, 272, 276

quench time, 274

random variables, 32
rapidity, 431
rapidity plateau, 431
Rayleigh–Jeans spectrum, 365, 383, 384
reduced density matrix, 150
reheating, 380, 475
relativistic heavy ion collisions (RHICs), 365,

429
renormalization group, 470
response function, 293
Riemann normal coordinates, 338
Riemann tensor, 338
Rindler coordinates, 444
rotation operator, 132
rotation parameters, 133

scattering length, 398, 409
Schrödinger equation, 60, 63
Schwinger–Dyson equation, 297, 316
screening, 298
screening length, 298
second law, 346, 349, 351
second viscosity, 351
secular terms, 382
self-energies, 318
shear stress, 363, 364
shear viscosity, 351, 365, 370
Slavnov–Taylor identities, 226
spectral density, 144
speed of sound, 349, 359
spin connection, 343
spin diffusion, 367
spinodal decomposition, 278, 380,

446
squeeze operator

single mode, 134
two mode, 132

squeeze parameter, 99, 133
Stefan–Boltzmann law, 357
stimulated production, 114
stochastic Gross–Pitaevskii equation, 393,

415
stochastic inflation, 281, 450, 452
stochastic processes, 34
structure constants, 214, 337

structure formation, 281, 457
effect of colored noise, 457, 458

subfluctuant variable, 264
sum rules, 366
Super Proton Synchroton (SPS), 429
superfluctuant variable, 264
superfluid velocity, 419
superfluidity, 391
susceptibility, 369
symmetry-breaking approach to BEC, 397
symmetry nonrestoration, 298
symmetry restoration, 298

inverse, 298

tadpole, 297
Takahashi–Ward identities, 226
temperature, 346
thermal density matrix, 291
thermal pressure, 357
thermal state, 291
thermalization, 374
thermo field dynamics, 292
thermodynamic forces, 43
thermodynamic limit, 420
thermodynamic potential, 346, 348, 351, 357
thermodynamics, 346
time reversal invariance, 328
time-dependent Ginzburg–Landau equation,

379
Tonks gas, 391
topological defects, 374
trace anomaly, 366, 380
transition probability, 54
transport equation, 358

covariant, 341
on an abelian background, 333
on nonabelian backgrounds, 336

transport functions, 353
transversal momentum, 431
transverse mass, 434
trap potential, 398
triangle inequality, 254
Trotter formula, 61
truncation, 51
turbulent cascade, 384, 439
turbulent thermalization, 383
two-fluid hydrodynamics, 393
two-loops approximation, 393, 410
type II superconductor, 379

uncertainty relation, 265
Unruh effect, 125

Van Vleck–Morette determinant, 339
vierbein, 342

www.cambridge.org/9781009289986
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-28998-6 — Nonequilibrium Quantum Field Theory
Esteban A. Calzetta , Bei-Lok B. Hu
Index
More Information

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

Index 535

viscosity bound conjecture, 366
viscosity coefficients, 370
Vlasov equation, 10, 326, 379

quantum, 117
volume, 346
von Neumann entropy, 253, 255,

261

wave splitting, 438
weakly nonideal fluid, 349

Weibel instability, 438
Wigner function, 63, 330

reduced, 75
Wigner functional, 160
Wigner transform, 330
Wong equations, 337, 385, 439
Wronskian, 97

Zeroth law, 346
Zinn-Justin equation, 226
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