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1PI effective action, see quantum effective

action

accelerated observer, 339

Altarelli–Parisi splitting function, 247

Anderson localization, 282, 347, 351

angular ordering, 180

anomalous dimension, 6

anomalous magnetic moment, 10, 34

antenna effect, 175

asymptotic freedom, 134, 192

axial gauge, see gauge fixing

axion, 204

Baker–Campbell–Hausdorff formula, 13,

63, 77, 88, 143, 292

Banks–Casher relation, 282, 283

Banks–Zaks fixed point, 136, 191

BCFW recursion, 208, 211, 215, 223, 233

Berends–Giele recursion, 210, 252

Berezin integral, see Grassmann, integral

Bernoulli numbers, 106

Berry

conjecture, 315

phase, 76, 91

β function, 6, 65, 69, 191, 351

Bethe–Heitler limit, 310

black hole radiation, see Hawking radiation

Bloch state, 200, 347

Bogoliubov transformation, 282, 331, 339

Boltzmann–Vlasov equation, 305

Bose–Einstein distribution, 278, 346

bosonization, 76, 111

BRST symmetry, 73, 134

Burnett–Kroll, see Low–Burnett–Kroll

Callan–Symanzik equation, 6

canonical ensemble, 277

Cartan–Maurer invariant, 135, 197, 199

Casimir

energy, 76, 103, 107

operator, 138, 150

causality, 18

center symmetry, 282, 293

chemical potential, 279

chiral condensate, 283

chiral symmetry, 76, 111, 277, 285

breaking, 76, 111, 283

Chudakov effect, 180

classical field, 10, 49, 323

classical particle, 151, 282, 298, 301

coherent state, 10, 62, 63, 76, 83, 87, 335

overcompleteness, 86

spin, 76, 91, 136

Coleman–Norton, see Landau, equations

collinear divergence, 10, 22, 26, 47, 178,

211, 247
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color ordering, 205, 214, 221, 226

color-octet model, 184

color-ordered amplitude, 214, 215, 221,

223, 228, 239, 242, 247, 256

leading-color, 206, 262

rational term, 259

commutation relation, 2, 11, 131, 137

conformal transformation, 342

Coulomb gauge, see gauge fixing

Coulomb potential, 49

covariant derivative, 8, 132

covariant gauge, see gauge fixing

cross-section, 3, 40, 42, 49, 238

Cutkosky cutting rules, 9, 259, 280, 319

Debye

mass, 281, 305

screening, 281

density operator, 74, 277, 296

D’Hoker–Gagné formula, 76, 115, 155

dimensional regularization, 5, 36, 66, 111,

163, 164, 266

dipole model, 183

Dirac

equation, 7, 59

non-relativistic, 347

fermion, 7, 75, 133, 169, 277

Lagrangian, 7, 8, 133, 277

matrix, 7, 216, 229, 348

operator, 277, 283

spinor, 7

Dyson equation, 257, 347

eigenstate thermalization hypothesis, 315

eikonal approximation, 40, 53, 136, 175,

183, 184, 242

electromagnetic charge, 8

energy–momentum tensor, 106

entropy, 74, 108

equation of state, 313

equivalence principle, 41

Euclidean action, 74, 194, 198

Euler characteristic, 98, 171, 288

Euler–MacLaurin formula, 106

evolution operator, 3, 15

exclusive observable, 320, 324

external field approximation, 49

Fadeev–Popov ghost, 132, 162

Fermi–Dirac distribution, 300, 307

fermion doubler, 277

Feynman

integral, 23, 29, 31, 38

parameter, 23, 24, 29, 37, 163, 164

rule, 4, 36, 50, 67, 79, 133, 163, 173,

212, 224, 252, 278, 279, 319

color-ordered, 206, 243

Feynman gauge, see gauge fixing

field strength, 132, 153, 173, 300

Fierz identity, 131, 138, 150, 172, 222, 227,

232

Fock state, 3, 84

Fokker–Planck equation, 118, 123, 128

form factor, 36

formation time, 180, 310

free energy, 74, 107, 295

free streaming, 298, 307

functional determinant, 72, 115

Gabor frame, 86

gauge

invariance, 8, 73, 132, 136, 144, 153,

163, 167, 188, 201, 276, 280, 304

transformation, 132, 136, 153, 158,

170, 188, 201

gauge fixing

axial, 133, 220

Coulomb, 8

covariant, 133, 206

Feynman, 9, 243

Landau, 8

temporal, 8, 197, 199, 332

’t Hooft–Veltman, 136, 162

Gauss

law, 199

mapping, 100, 289

Gauss–Bonnet theorem, 94, 98, 289

generalized unitarity, 209, 211, 259, 261,

267

generating functional, 3, 72, 277, 320, 325
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geometric phase, see Berry, phase

gluon, 133, 176, 183, 185, 222

Gordon identity, 34

grand canonical ensemble, 279

Grassmann

integral, 72

variable, 72, 133

Gross–Neveu model, 76, 111

Hamiltonian, 1, 43, 77, 196, 199

hard thermal loop, 280, 282, 298, 301, 308

Hawking radiation, 282, 339

heat kernel, 101, 109

Heisenberg representation, 3, 10, 11, 15,

18, 44, 277, 332

homotopy, 135, 197

Hubbard–Stratonovich, see bosonization

inclusive observable, 320, 324, 326

index (of a zero), 287

infrared divergence, 10, 22, 26, 47, 211,

242

instanton, 135, 136, 193, 197, 199

interaction representation, 2, 10, 11, 15, 18,

277

Jacobi identity, 131, 140

Kadanoff–Baym equations, 282

Klein–Gordon equation, 2, 16, 313, 334

Kleiss–Kuijf relation, 211, 238

KMS symmetry, 278

Kruskal coordinates, 346

Kubo formula, 306

Landau

damping, 281

equations, 10, 22, 26, 30

Coleman–Norton Interpretation, 26

Landau gauge, see gauge fixing

Landau–Pomeranchuk–Migdal effect, 282,

305

Langevin equation, 76, 118

complex, 76, 123

lattice

field theory, 276

regularization, 276

Lee–Nauenberg theorem, 10, 43

Legrendre transform, 76, 79

Lie

algebra, 130, 153, 159

algebra, generator, 130, 137, 139, 141,

149, 227

bracket, 130

group, 130, 158

light-cone coordinates, 339

link variable, 276

Liouville

equation, 293

theorem, 298, 302

Lipmann–Schwinger equation, 45, 327

little group, 10, 12, 38

little-group

scaling, 207, 232

loop equation, see Makeenko–Migdal

loop integral reduction, 209, 263, 269

Lorentz

algebra, 7, 13

force, 152

group, 12

invariance, 5, 7, 10, 34, 38, 41, 73, 132

Lorenz gauge, see gauge fixing, Landau

Low–Burnett–Kroll theorem, 10, 57, 136,

184

LSZ reduction formula, 3, 136, 166, 167,

321

Majorana fermion, 7

Makeenko–Migdal equation, 136, 148

Mandelstam

formula, 144

variable, 65

master integral, 209, 263, 269

Matsubara

formalism, 278

frequency, 74, 108, 278

MHV amplitude, 208, 215, 244

microcanonical equilibrium, 312

minimal coupling, 8

mode function, 281

Moyal product, 290
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Moyal–Groenewold quantization, 292

Nambu–Goldstone boson, 283

Napier’s analogy, 94

neutron electric dipole moment, 204

Nielsen–Ninomiya theorem, 277, 282, 285

Noether’s theorem, 8

non-Abelian

gauge theory, 130, 153, 155, 157

Stokes’s theorem, 136, 157

normal-ordered product, 63, 104

on-shell recursion, see BCFW recursion

one-particle-irreducible diagram, 73, 350

OPP integrand reduction, 209

optical theorem, 9

order parameter, 283, 297

Parke–Taylor formula, 208, 211, 215, 238,

244

partial amplitude, see color-ordered ampli-

tude

partition function, 74, 107, 278

parton cascade, 180

Passarino–Veltman, see loop integral reduc-

tion

path integral, 71, 83, 87

path-ordered product, 135, 155, 159

photon decoupling identity, 211, 221

pinch singularity, 23, 47

planar graph, 136, 171, 205

plaquette, 276

plasmon mass, 280

Poincaré algebra, 35

Poincaré–Hopf theorem, 288

Poisson

bracket, 2, 201, 293

distribution, 316, 330

polarization vector, 8, 40, 41, 207, 211, 218,

220

Polyakov loop, 293

pure gauge, 132, 197

QCD, see quantum chromodynamics

QED, see quantum electrodynamics

quantum chromodynamics, 69, 107, 133,

175, 183, 191, 254, 283, 301

quantum effective action, 73, 75, 155

quantum electrodynamics, 8, 34, 152, 162,

298

quark, 133, 176, 183, 185, 193, 211, 226,

229, 233, 251, 253

deconfinement, 282, 293

regularization, 5, 25

renormalizability, 6, 259

renormalization, 5

group, 6, 65, 69, 191, 351

scale, 6, 114

representation

adjoint, 131, 189

faithful, 97, 131, 143

fundamental, 97, 131, 143, 153, 227

singlet, 131

Rindler space, 340

running coupling, 65, 69, 191

S matrix, 9, 10, 15, 18, 41, 43

scalar field theory, 65

scalar integral, 209

scalar QCD, 223, 261, 267

scalar QED, 53, 75, 324, 331

scattering amplitude, see transition ampli-

tude

Schouten identity, 207, 218

Schur lemma, 180, 189

Schwinger mechanism, 282, 324, 331

Schwinger–Keldysh

formalism, 279, 322, 326

generating functional, 281

soft factor, 244

spherical triangle, area, 96

spinor-helicity formalism, 206, 211, 216,

218, 220, 229, 233, 238

splitting amplitude, 247

star product, see Moyal product

stochastic quantization, 76, 118, 122

strong CP problem, 204

structure constants, 130, 137, 139, 141, 172

symmetric, 131, 137, 139, 141
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SU(n) tensor, 190

superficial degree of divergence, 5, 6, 10

surface ordering, 161

symmetry factor, 5, 80

tangent rule, see Napier’s analogy

temporal gauge, see gauge fixing

θ vacuum, 136, 199

’t Hooft coupling, 151, 173

’t Hooft–Veltman gauge, see gauge fixing

time-ordered product, 3, 168

transition amplitude, 3, 40, 42, 183, 185,

205

tunneling amplitude, 193, 197, 203

unitarity, 9

Unruh effect, 282, 339

vacuum graph, 319, 321

van Neerven–Vermaseren, see loop integral

reduction

vector field, 8, 132

Vlasov equation, 298, 301

Ward–Takahashi identity, 9, 10, 35, 38, 56,

61, 134, 162, 177, 184, 185, 243

Weinberg convergence theorem, 6, 10, 31

Weizsäcker–Williams approximation, see

external field approximation

Wess–Zumino term, 96

Weyl

mapping, 76, 77, 88, 290

quantization, 76, 77

Wick

rotation, 30, 38, 193, 198

theorem, 85

Wigner transform, 77, 282, 290

Wilson

action, 276

line, 76, 115, 135, 136, 145, 157, 295

loop, 135, 136, 144, 148, 157, 293

term, 277

Wong equations, 136, 151, 154, 302

worldline formalism, 74, 136, 154

Yang–Mills

equation, 132, 147, 197, 198

ground state, 199

theory, 107, 131, 136, 148, 171, 197,

199, 205, 213, 252, 259, 295

zero-point energy, see Casimir energy

zeta function regularization, 73, 76, 101,

107
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