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:=, the left-hand side is a definition of the right-hand

side, 13

A†, the adjoint of the operator A, 11

Gl(n,C) the group of invertible n × n complex

matrices, 635

M(x), 193

O(1,3), the Lorentz group, 103

O(g3), a sum of terms each having a coefficient gn,

n ≥ 3, 394

O(n), the orthogonal group, 107

P , momentum operator, 37

S-matrix, 330

SO(n), the special orthogonal group, 108

Wε(k), 497

X, position operator, 32

E , the set of internal edges, 483

I, orthogonal projection on kerL, 500

K, a discretized version of R3, 93, 313

L, a fundamental map from (R1,3)E to (R1,3)V , 484

N , the range of L, 501

P , the Poincaré group, 121

P∗, a more convenient version of the Poincaré group

P , 211

P∗+, an extension of P∗ including parity, 235

Q, the orthogonal complement of kerL, 500

R
1,3, R4 equipped with the Lorentz bilinear form, 103

RF , the regularized version of the integrand F , 497,

506

S, the space of Schwartz functions on R, 12

S4, the space of Schwartz functions on R4, 115

T , orthogonal projection on Q, 500

V , the set of internal vertices, 483

δm,p , a version of the Dirac function, 115

degE P , the degree of P in the direction of E, 477

ẋ, the time derivative of x, 151

glC(m), the Lie algebra of Gl(m,C), 639

κ(A), the image in SO↑(1,3) of A ∈ SL(2,C), 193

SO↑(1,3), the group of Lorentz transformations with

determinant 1, 105

O+(1,3), the group of orthochronous Lorentz

transformations, 202

Sn, the group of permutations of n elements, 77

φ3 theory, 359

φ3
2
theory, 457, 460, 467

π ′(X), 640

πj , the fundamental family of representations of

SU (2), 187

∂µ, 147

i, a complex number such that i2 = −1, 11

⋊, semidirect product, 121

SL+(2,C), 202

so(3), the Lie algebra of SO(3), 637

su(2), the Lie algebra of SU (2), 642

|Ω〉, the vacuum, the physical ground state, 421

x · σ , 643

a∗, the conjugate of the complex number a, 10

c-number, 87

glab, the coupling constant as measured in the lab, 393

k-th order in perturbation theory, 299

p∗: often equals (mc,0,0,0), 112, 130, 209

1-particle irreducible or 1-PI diagram, 455

action, 10, 151

active and passive diagrams, 572

adiabatic switching, 430

adjacent, 483

adjoint Dirac equation, 289

adjoint operator, 33

amplitude, 46

amputated diagram, 464

angular frequency, 66

angular momentum, 53, 200

annihilation operator, 65, 83

anti-commutator, 205, 276

anti-linear, 12

anti-particle, 252

asymptotic completeness, 329

asymptotic series, 352

bare coupling constant, 460

bare mass, 460

bare parameters, 457
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Bargmann–Wigner equations, 673

biped, 488, 512, 518

boost, 109

bosons, 77

bound state, 62, 449

bra vector, 23

canonical commutation relations, 37

canonical flow, 501

canonical transformations, 159

Cauchy-Schwarz inequality, 11

causality relation, 106

causally separated, 106, 135

channels, 378

character of a group, 604

charged particle, 251

chiral presentation, 205

circular polarization, 667

classical field, 153

classical Hamiltonian, 151, 157

coherent state, 619

commutator, 23

completeness relation, 24, 42

conjugate matrix, 184

conjugate momentum, 157

conservation of four-momentum, 363

contracted diagram, 532

contraction, 366

contraction diagram, 375

Coulomb gauge, 667

counter-term, 404

counter-term vertices, 414

coupling constant, 299, 314

creation operator, 65, 83

cross-section, 334, 339

curve, 186

d’Alembertian, 147

decoherence, 27

defining representation, 184, 204

degree of a monomial, 474

diagram integrals, 471

differential cross-section, 339

dimensionless, 10

Dirac adjoint, 289

Dirac equation, 238

Dirac matrices, 205

Dirac spinors, 204

distribution, 12

domain of an operator, 32

double-valued representation, 198

dressed propagator, 447

dual group, 604

Dyson series, 306, 352

electromagnetic four-potential, 666

electromagnetic tensor, 666

energy–momentum, 665

entangled, 75

essentially self-adjoint, 35

Euler-Lagrange equations, 152

external line, 364

external vertices, 364

fearsome, 679

Fermi’s exclusion principle, 275

Fermi’s golden rule, 311

fermions, 77

Feynman diagram, 381, 385

Feynman parameters, 398, 548

Feynman propagator, 369

Feynman rules in momentum space, 390

Feynman rules in position space, 382

final vertices, 364

finite accuracy, 335

finite renormalization, 461

finite-dimensional representation, 117

four-momentum, 665

four-velocity, 665

Fourier transform in R1,3, 123

Fubini’s theorem, 475

fully regular function, 581

functional, 160, 679

functional derivative, 679

gauge transformation, 666

Gell-Mann−Low formula, 424

generalized function, 699

geometric quantization, 161

graph, 35

Green functions, 422

Green operator, 693

ground state, 313

Haag’s theorem, 355

Haar measure, 124, 125

Hamilton’s equations of motion, 158

Hamiltonian, 60

Hamiltonian density, 160, 354

Hamiltonian function, 157

harmonic function, 654

Heisenberg group, 617

helicity, 215, 230

Hermite polynomials, 620

Hermitian operator, 11

homogeneous polynomial, 474

improper state, 42

induced representation, 213, 217

infinitesimal generator, 53

initial conditions, 150

initial vertices, 364

integrating over internal degrees of freedom, 497

interaction picture, 304

interaction term, 351

internal line, 375
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internal vertices, 364

interpolation lemma, 553

intertwining operator, 116

intrinsic parity, 235

inverse Fourier transform in R
1,3, 123

irreducible representation, 116

Jacobi identity, 637, 683

Källén–Lehmann representation, 719

ket vector, 22

Klein-Gordon equation, 146

Lagrangian, 151

Lagrangian density, 154

Legendre transform, 679

Lehmann–Symanzik–Zimmermann reduction

formula, 444

Lie algebra, 638

Lie algebra homomorphism, 639

Lie bracket, 637

light cone, 103

Lippmann–Schwinger equations, 695

little group, 213

loop, 186

Lorentz bilinear form, 103

Lorentz covariant, 254

Lorentz group, 103

Lorentz invariant, 113

Lorentz transformation, 103

Lorenz gauge, 667

to lower indices, 107

LSZ reduction formula, 444, 463

mass gap, 431

mass renormalization, 440

mass shell, 112

massive particle; massless particle, 127

matrix element, 308

maximum sub–diagrams, 505

Maxwell equations, 666

microcausality, 136

Minkowski space, 103

mirror image, 244

momentum operator, 37, 53

momentum space state, 40

monomial, 474

multiplication of propagators, 372

neutral particle, 251

Newton–Wigner operator, 669

norm, 11

normal ordering, 175

number operator, 64, 91

observable, 23

operator, 11

operator of angular momentum, 641

operator-valued distribution, 88, 94

ordering ambiguities, 161

orthochronous transformations, 105

overall divergence, 410

parity image, 244

parity operator, 111

path integral, 540

Pauli matrices, 24

periodic boundary condition, 95

phase, 50, 52, 60

phase space, 157

photon, 245

physical mass, 440, 449

Plancherel formula, 17

Planck constant, 10

plane wave, 325

Poincaré group, 102

Poisson bracket, 682

position operator, 32

position state space, 37

positive definite Hermitian, 194

power counting, 410

principle of least action, 152

projection-valued measure, 705

projective unitary representation, 48

proper time, 665

pure boost, 109

quadruped, 488

quantum of excitation, 69

to raise indices, 107

rapidly decreasing functions, 12

Rarita–Schwinger equations, 676

ray representation, 48

reduced Planck constant, 10

reduced value of a biped, 519

reference frame, 47

regular and semi–regular function, 579

removing the cutoff, 396

renormalization prescription, 526

residue, 721

resolution of identity, 24

rest mass, 111

restriction of a representation, 219

scattering by a potential, 327

scattering states, 62, 695

Schrödinger picture, 62

Schrödinger representation, 618

Schrödinger’s equation, 60

Schur’s lemma, 117

Schwartz functions, 12

second quantization, 82

self-adjoint operator, 33

semi–direct product, 121
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sesqui-linear, 11

skew-adjoint matrix, 642

skew-symmetric, 636

smooth cutoff, 14

spectral theory, 35

spin, 182

spinor representations, 660

spreading of the wave function, 325

state space, 22

Stone’s theorem, 53

strong topology, 328, 596

strongly continuous map, 51

sub–diagram, 485

sub–divergence, 410

subgraph, 485

superficial degree of divergence, 485

support of a function, 699

symmetric operator, 33

tadpoles, 453

tensor representation, 660

test function, 12

time-independent Schrödinger equation, 61

time-ordered product, 306

Tonelli’s theorem, 475

traceless matrix, 642

transition probability, 46

tree, 378

triped, 526

trivial representation, 268

ultraviolet cutoff, 165

ultraviolet divergence, 164

unbounded operator, 32

uncertainty, 29

uncertainty principle, 28

unitarily equivalent, 115

unitarily equivalent models, 39

unitary operator, 38

unitary ray, 27

unitary representation, 49

vacuum, 82

vacuum bubble, 383, 384, 439

wave function, 31, 325

wave packet, 325

Weyl representation, 205

Wick rotation, 397

Wightman functions, 714

Yukawa potential, 728
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