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action, 17, 33, 117, 129, 157-158, 203,
205-206, 208, 244, 271-272, 201-293,
375

Adler—Bell-Jackiw anomaly, 242, 402

analytic continuation, 41-43, 50, 74-76, 89,
153, 177, 215

anomalous dimension, 59, 142

antiparticle, 10, 19, 29, 50, 167

asymptotic freedom, 135-136, 139-145

axial anomaly, 213-214, 242

axial gauge, 65—69, 92, 101, 103, 143, 147,
152-156

axial symmetry, 213

axial-vector current, 254, 277-278, 280, 282

bag constant, 164-165, 321, 396-397
Bardeen—Cooper—Schrieffer (BCS) theory,
123, 166
baryogenesis, 402—408
beta function, 58-59, 81, 139, 142-145
Bjorken model, 318-324, 355
blackbody radiation, 1, 6, 68-70
Boltzmann equation, see also Vlasov
equation, 190-192, 324
Bose—Einstein condensation, 19-23, 31-32,
50, 118
Bose—Einstein distribution, 4, 18-19, 22, 42,
45, 75-76
bounce solution, 291-294, 299
boundary condition
antiperiodic (fermions), 28-29, 375
periodic (bosons), 15, 17, 27, 160, 375
spatial, 7, 207, 291, 404
Brillouin zone, 206

Cabibbo—Kobayashi—-Maskawa matrix, 364
Chandrasekhar limit, 380-382

charge symmetry energy, 385
charmonium, 345-349
chemical equilibrium, 164, 326-327, 356, 384
chiral perturbation theory, 240-247
chiral symmetry, 196, 213-216, 237, 241-242,
254, 256, 261-264
coarse graining, 296, 299-303
collective excitations, 7, 8, 101-107, 156, 193,
390-392
color—flavor locking, 172
color superconductivity, 166-174
color symmetry, 136-137
commutation relations
bosons, 4, 25, 90-91
charges, 254
fermions, 6, 25, 204
completeness, 3, 30, 45
compressibility, 224, 232, 237
condensate, 50, 221-222, 266267, 271,
273-274, 284-286, 362, 366, 383, 385
conductivity
electrical, 113-115
thermal, 109-115, 298, 309, 313
confinement, 135-138, 157, 160, 201-202,
321, 345
connected diagram, 37-38, 40—41, 49
conserved current, 19-20, 24-25, 108-112,
124, 137
contour integral, 41-42, 50, 75-76
correlation length, 128, 294, 300, 304-306,
309, 396-397
correlations, 46, 154, 224
Coulomb field, 94, 123, 201, 219, 236
Coulomb gauge, 92, 101, 103, 143, 147, 156,
168, 182
covariant gauge, 69-73, 92, 101, 103-104,
138-145, 147, 154
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critical point, 128, 216, 234-235, 376
critical sized bubble or droplet, 294-295,
297, 299, 305-306, 396
critical temperature
Bose-Einstein condensation, 19-23
chiral, 213-216, 268, 274, 277
deconfinement, 201, 206-207, 210-216,
321-324, 396-397
electroweak, 368, 373-374, 376
nuclear liquid—gas, 234-235, 237
symmetry restoration, 121-122, 127, 132,
268, 274, 277, 361, 368, 373-374, 376
cutoff, 43, 45, 55, 57-58, 61, 63, 125-126,
227, 229-231, 333-334, 337-338, 366,
371, 405-406

Debye—Hiickel formula, 78
deconfinement, 135-136, 172174, 196,
201-202, 206-212, 215, 321-324
density matrix, 2, 325
Dey—Eletsky-loffe mixing, 262, 287
diagrammatic rules
QCD, 140
QED, 71
scalar field theory, 37
Yukawa interaction, 49-50
dielectric function, 92-93, 153
diffusion constant, 110-114, 194
dilepton production, 330-331, 339-345
dimensional reduction, 374-377
dimensional regularization, 60-61
dimensional transmutation, 60
Dirac matrices, 24
dispersion relation, 8, 101-107, 156, 248-251,
344-345, 390-392
divergence
infrared, 45-47, 77-80, 149-151
ultraviolet, 43-45, 55-57, 80-81, 146,
160-163, 366

early universe, 394-408
effective mass, 102, 106, 119, 123, 128, 131,
177-178, 222-224, 228, 232, 266, 367,
383
eigenstate, 3-4, 5, 45, 85, 87, 364
electric field
QCD, 152, 154
QED, 65-66, 90-94, 100
electromagnetic radiation rate, see dilepton
production, photon production
energy—momentum tensor, 107-110, 112, 318
ensemble
average, 2, 34, 38-39, 84-86, 124, 221
canonical, 2, 420-421
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grand canonical, 2-3, 85, 325, 417-418
microcanonical, 1, 418-420
Euclidean space, 42-43, 78-79, 125, 142, 157,
160, 340
exchange diagram, 49, 76, 127, 146, 165,
228-231
external field, 4, 84-86, 90-92, 94, 160

false vacuum, 290

Fermi—Dirac distribution, 6, 29, 50, 75-76,
222, 234

Feynman gauge, 70, 74, 155-156

field strength tensor, 64-65, 136-137

flavor, 141-145

fluid dynamics, 107-110, 300-301, 309,
318-320

form factor, 227, 229-232, 357

freezeout temperature, 322, 327-328

Friedel oscillations, 96, 346

gap equation, 167-170

gauge fixing, 69-70, 72, 131-132, 138, 143,
182, 193, 366-367

gauge symmetry

SU(N), 136-138, 202-203, 361-362
U(1), 65, 68, 72, 77, 82, 117-118, 130,

196202, 361-362

gauge transformation, 69, 72, 132, 137-138,
203-204, 362, 404

Gauss’s law, 6667, 94, 200

ghosts, 68-70, 103, 138, 140, 146, 367

Glashow—Weinberg—Salam model, 361-365

global symmetry, 19, 24, 117-118

glueball, 206, 211

gluons, 135-138, 146-147, 152, 321-322, 396

Goldstone boson, 120, 123, 125, 131, 273,
275-276, 278

Goldstone’s Theorem, 123-125, 128, 131,
134, 266, 270, 278

Grassmann variables, 26

Green’s functions, 26, 57-59, 86, 88, 101,
116, 277

hard thermal loops, 177-193, 335-338, 340,
402-403

Hartree approximation, 227-229

heavy ion collisions, 317-356

Higgs boson, 363-364, 368, 371-374, 376-377

Higgs model, 130-133

high temperature expansion, 121, 126, 366,
368, 421-423

Hugenholtz—Van Hove Theorem, 237

hydrodynamics, see fluid dynamics

hyperons, 382-388
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ideal gas
bosons, 6-10, 17-19, 146, 325
fermions, 6-10, 29, 146, 163-164, 223-224,
325
imaginary time, 15, 25, 27-28, 42, 45, 89,
160, 179-182, 202, 208, 215, 255, 266,
290
improved actions, 208
infrared freedom, 60
infrared problems, 45-47, 77-80, 161-163,
177-179
instabilities, 117-119, 126, 165, 235, 298,
307, 381, 405
instanton, 156-161, 167, 174, 402
irreducible part, 40-41, 127, 139

J/1 suppression, 345-350

kinetic theory, 189-193, 324-325, 332, 339,
351-356, 397
Kubo formulae, 107-114

Lamb shift, 95, 228-231
Landau damping, 181, 185, 189
Landau gauge, 70, 104, 144, 148, 168
Landau theory, 23, 122
large-N expansion, 271-277
lattice
Hamiltonian, 198-199, 204-205
link, 196-197
plaquette, 197-198
site, 196-197
lattice gauge theory, 31, 33, 195-216,
374-377
leading log summation, 60
Lehmann representation, 87-90
linear response, 84—86, 100-101, 110,
114-116, 152-156, 189-190
link variables, 196—-198, 202203

Maxwell construction, 235

mean field approximation, 118-123, 125-133,
221-227, 232-234, 267-268, 365—369,
383-385

mean free path, 248, 325-327

metastable phase, 165, 235, 398

Minkowski space, 41-42, 52, 341

mixed phase, 234-235, 322-324, 356,
397-401

neutrino emissivity
pair annihilation, 388-390
plasma decay, 388, 390—-392
Urca process, 388-389, 392-394
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neutrons, 163, 221, 394
neutron star, 382-388
Noether’s theorem, 19, 24
nuclear force, 220
nucleation
black hole, 313-315
classical, 294-296
dynamical prefactor, 297-298, 309-312
quantum, 290-294
statistical prefactor, 297, 306—-309
thermal, 296-313, 396-401
nucleosynthesis, 394-396
nucleus—nucleus collisions, 317-356

O(N) symmetry, 265-266, 270-271
operator product expansion, 255-256
optical potential, 226, 237, 248-249
optical theorem, 249

order parameter, 213

orthogonality, 3

Pauli exclusion principle, 5, 26, 136,
163-164, 382
phase transition
Bose-Einstein condensation, 22—-23
deconfinement, 136, 172—-174, 321-324,
396-401
Higgs model, 130-133
nuclear liquid-gas, 172, 233-237
symmetry restoration, 121-123, 128,
132-133
electroweak, 368, 373-374, 376-377,
402-408
photon production, 329-339
pion, see also chiral perturbation theory,
Goldstone boson, sigma model
gas, 10, 245-247
in nuclear matter, 237
pion decay constant, see also sigma model
vacuum, 244
finite temperature, 277-284
plasma oscillations, 100-104, 156
plasmon, see ring diagrams
Polyakov loop, 208-210, 212
propagator, see also self-energy
advanced, retarded, 88-89
electron, 105-107
fermion, 48, 51
gluon, 140, 152-156
photon, 71-74, 92, 101-104
quark, 140, 166
scalar boson, 35, 37-39, 8689, 101, 129,
179
W and Z bosons, 366-367
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quark
condensate, 213, 244, 285
masses, 141, 143-145, 365
quantum numbers, 141, 364-365
quark—antiquark free energy, 154-155,
200-201, 208-211, 345-348

rapidity, 319

real time, 42, 51-53, 84-86

renormalization, 43—45, 5557, 76, 80,
125-127, 142-145, 148-149, 227-231,
342

renormalization group, 57-59, 81-82, 93, 96,
99, 139, 141-145, 211

R-gauge, 131-132, 366-367

ring diagrams, 4647, 77-80, 147, 371-373

scattering amplitude, 248-252
Schwinger-Dyson equations, 97-98, 129,
160-163, 167, 169-170
Schwinger terms, 259
screening
in QCD, 147, 152-156, 183, 345-348
in QED, 78, 90-100, 181
self-energy
electron, 105
fermion, 51
from experimental data, 248-254
gluon, 153-155, 169, 182-183
Higgs boson, 371-372
photon, 71-74, 92-93, 95, 102-104,
180-181, 330, 390-392
pion, 269, 281
quark, 144
rho meson, 250-253, 340-343
scalar boson, 39-44, 127-129, 269, 408-410
W and Z bosons, 371-372
sigma model
linear, 265—270
nonlinear, 270-277
spectral density, 87-90, 112—-113, 188-189,
255-258, 260264, 278, 281, 336-337,
348
sphaleron, 402-407
speed of sound, 8, 224, 235, 321
spontaneous symmetry breaking (and
restoration), see also sigma model,
117-133, 361-363, 368, 373-374, 377
staggered fermions, 204—205
statistical model, 324-328
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strange quark matter, 163-166

strangeness production, 350-356

string tension, 201, 211-212, 345

subtraction point, 44, 80-82, 142-144,
148-151

summation formulae, 18, 29, 42, 50

superconductivity, see color
superconductivity

supercooling, 397-400

superfluid, 123, 388

surface free energy, 305-306

tadpole diagram, 180

Thomas—Fermi approximation, 100

Tolman—Oppenheimer—Volkoff equation, 380,
386

topological charge, 158

tree approximation, 228, 363-364

U-gauge, 362, 365366
U(1)a symmetry, see axial symmetry
Urca process, 388-389, 392-393

vacuum polarization, 93-95, 139
Van der Waals gas or liquid, 233
vector current, 254
vector meson dominance, 250, 252, 343
vertex, 35, 49-50, 71, 97-98, 127, 140,
228-231
viscosity
bulk, 109-110, 112-113, 309, 312-313,
396
shear, 109-110, 112-114, 194, 309,
312-313, 396
Vlasov equation, 190-193

Walecka model, 220-226
‘Ward identity, 98, 141, 185-187, 230,
259-260

‘Weinberg sum rules
vacuum, 254-257
finite-temperature, 257264, 322

white dwarf star, 380—-382

Wilson fermion, 205-206

Wilson line, 208

‘Wong’s equations, 191

zero-point energy, 4, 6, 10, 19, 22, 29, 44, 76,
118-119, 125, 133, 227-231
Z(N) symmetry, 209-210, 213


https://doi.org/10.1017/9781009401968.020



