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bubbles (Feynman diagrams), 91

C (charge conjugation), 192–195

Cabibbo angle, 598

Callan–Gross relation, 675–676

Callan–Symanzik equation, 434

Casimir

effect, 287–296

index, 487

operators, 486

quadratic, 486

causality, 219–223

CCWZ method, 133–138, 573–575, 591

charge

bare, 327

conjugation, 192–195

definition in QCD, 529–533

effective, 312–313, 420–427

quark, 514

universality, 528–529

Chern–Simons current, 611

chiral

logarithms, 402

symmetry, 621

symmetry breaking, 567–575, 638–640

Chiral Lagrangian, 401–403, 569–572, 620

chirality, 185–188

CKM (Cabibbo–Kobayashi–Maskawa) matrix,

596–599, 606–608, 651, 657–658, 665, 764

classical electron radius, 182

classical field theory, 29–45, 83–84, 259, 735–737

classical limit (of path integral), 259

cluster decomposition principle, 96, 208, 466

coefficient

Einstein, 5–7

Wilson, 430, 657–666

cohomology, 501

Coleman, Sidney, 133

collinear interaction, 790–794

Compton scattering, 4, 27, 155, 156, 238–246, 370,

559, 680, 682

Compton wavelength, 182, 311

Compton, Arthur, 246

confinement, 532

conformal field theory, 440

connection, 489

constant, structure, 483–488

contact interaction, 81, 156, 273–275, 279, 283, 591

contraction, 11, 90, 101

conventions, 815–819

Cooper pairs, 578

correlation

function, 39–42, 69, 80–82, 300–301, 323

renormalization group evolution of, 433–434

length, 131, 438–440, 577

coset, 574

cosmological constant, 53, 414–415, 641

Coulomb’s law, 37–39, 48–51

counterterm, 295, 328, 340, 423–426

CP

phase, strong, 610–611

problem, strong, 609–613, 636–638

violation, 605–614

from decay, 609

from mixing, 608

violation, indirect, 608

CPT theorem, 201

critical exponent, 438

critical point, 438

cross section, 56–68

crossing relation, 236

current, 36

axial, 621

charged (weak interactions), 603

Chern–Simons, 611

classical, 722

conserved, 33, 122–123

matter, 494

neutral (weak interactions), 604

Noether, 33

vector, 621

custodial

isospin, 653–657

SU(2), 653–657

symmetry, 413, 600–601, 653–657

cutting rules, 456–459

d’Alembertian, 15

de Sitter space, 415

decay

heavy meson, 762–765

muon, 642–643

pion, 570–571

rate, 61–62

decoupling limit, 566

deep inelastic scattering (DIS), 671–682, 689–694

derivative

couplings, 99–100

covariant, 120–122, 481–482, 488–493, 818

DGLAP

evolution equations, 681, 693

splitting function, 680, 794

dilatation operator, 434

dimension

anomalous, 425

classical, 434

scaling, 434

www.cambridge.org/9781107034730
www.cambridge.org


Cambridge University Press & Assessment
978-1-107-03473-0 — Quantum Field Theory and the Standard Model
Matthew D. Schwartz
Index
More Information

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

844 Index

dimensional

analysis, 815–816

regularization, 307–309, 326–327, 419, 422–426,

517–527, 649–651, 660–664, 678–689,

769–772, 802–807, 825–830

transmutation, 425, 751

Dirac

belt trick, 178

equation, 168

matrices, 168

sea, 141–142

Dirac, Paul, 7, 247

disconnected diagrams, 96

divergence

collinear, 363

infrared, 332, 355–380

soft, 363

Drell–Yan, 796–799

Dyson series, 85–87

Dyson, Freeman, 86

e+e− → µ+µ−

1-loop, 356–363

tree-level, 230–234

e−p+
→ e−X , 668–677

e+e− → hadrons, 513–517

eating Goldstone bosons, 576

effective

action, 394–416, 566–578, 602–605, 703–759,

765–775, 795–811

charge, 312–313, 420–427

Lagrangian, 394–416, 430, 450, 566–578,

602–605, 703–759, 765–775, 795–811

potential, 314, 392, 419

eightfold way, 573

eikonal

factor, 784

identity, 785

limit, 153

Einstein

coefficient, 5–7

summation convention, 11

Einstein, Albert, 4–7

elementary particles, 74

energy-momentum tensor, 34–36

epsilon expansion, 440

equation

Callan–Symanzik, 434

Klein–Gordon, 32, 77, 141, 172–173, 188, 220,

316, 395, 396, 707

Schrödinger, 395–396

Schrödinger–Pauli, 157

equations of motion

classical, 32

Heisenberg, 18–23, 84–93, 725–726, 728–732, 819

equivalent photon approximation, 371

Euclidean space, 120, 267, 287, 445, 505, 714, 747,

824–827, 829

Euler–Lagrange equations, 32

event shape, 778–780

exponent

critical, 438

fabc (structure constants), 483–488

Fπ , 401, 566–572

factorization, 515, 685–695, 796–802

Faddeev–Popov ghost, 495–499, 509, 511, 517, 520,

523, 533, 535, 580–582, 590, 753–757

Faddeev–Popov procedure, 495–499, 580–583

FCNC (flavor-changing neutral current), 604–605,

666

Fermi golden rule, 8

Fermi–Dirac statistics, 207

fermion, 207–208

Majorana, 178–179, 192

spectator, 638

Weyl, 178–181

Feynman

parameter, 822

plate trick, 178

propagator, 75–77

tree theorem, 459

Feynman diagram

amputated, 334

classical field theory, 42

disconnected, 96

electron self-energy, 322–338

real emission, 357

tadpole, 324, 414–415

triangle, 617–619, 622–626

Feynman rules, 42

background field, 754–756

classical field theory, 42

derivative couplings, 99–100

heavy quark effective theory, 767

momentum space, 93–97

non-Abelian gauge theory, 509–513

old-fashioned perturbation theory, 52

position space, 81–84

QED, 225–229

renormalized perturbation theory, 341

Feynman, Richard, 320, 338

field

background, 707–708, 733–758

bare, 339

jet, 790

scalar, 13

tensor, 14

vector, 14

fine-tuning, 410–412, 448

fixed point

Gaussian, 439

www.cambridge.org/9781107034730
www.cambridge.org


Cambridge University Press & Assessment
978-1-107-03473-0 — Quantum Field Theory and the Standard Model
Matthew D. Schwartz
Index
More Information

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

Index 845

non-trivial, 440

Wilson–Fisher, 438–442

flavor basis, 596

Fock space, 20

form factor, 152–155, 305, 317–320, 345–348,

374–377, 505, 524, 667–694, 764–765, 774, 775
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equivalence theorem, 576, 590–592
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grand unification, 579, 583
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conformal, 440–441
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generators, 160, 483

Lie, 160, 482–484

little, 120, 124, 540

Lorentz
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proper, 161

non-Abelian, 483

orthogonal, 484

Poincaré, 109–120

renormalization, in QCD, 526–528

representations, 484–488

simply connected, 177, 210

special orthogonal, 12
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unitary, 484

GUT (grand-unified theory), 579, 583
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Halpern scattering, 246
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spinor, 534–560

hierarchy, inverted (neutrinos), 602
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mechanism, 575–579
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HQET (Heavy-Quark Effective Theory), 765–775
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instanton, 611, 637
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jet function, 801
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Klein, Oskar, 246

Klein–Gordon equation, 32, 77, 141, 172–173, 188,

220, 316, 395, 396, 707

Klein–Nishina formula, 242

label, velocity as, 767

Lagrangian, 29

Chiral, 401–403, 569–572, 619–620

Dirac, 168

effective, 394–416, 430, 450, 566–578, 602–605,

703–759, 765–775, 795–811

Euler–Heisenberg, 713–716

Lamb shift, 53–55, 253–254, 310–311, 321–323, 338

Lamb, Wallis, 311

Landau level, 714

Landau pole, 312, 425

Laplacian, 15

large logarithms, 419–423

flavor physics, in, 657–666

universality of, 421–423

large N , 121, 550

lattice QCD, 503–505, 532–533, 833

Lee–Quigg–Thacker bound, 590

Legendre transform, 29, 30, 737–740

lepton number, 600, 635

conservation, 635–636

Lie

algebra, 160, 483–484

finite dimensional, 484

bracket, 160

group, 160, 482–484

light-by-light scattering, 246

lightcone coordinates, 695–697

lightlike, 16

limit

non-relativistic, 23–24, 63–64, 181–182, 727–728,

762–763, 765, 768

semi-classical, 26, 726–728

link field, 503

Lippmann–Schwinger equation, 47–48

locality, 131, 392, 475–477

logarithm, chiral, 570

Lorentz invariance, 10–17

Lorentz-invariant phase space, 61

LSZ (Lehmann–Symanzik–Zimmermann) reduction

formula, 70–74, 94, 145, 280, 325, 333–334,

387, 453, 475, 477

luminosity, 58

magnetic moment, anomalous, 315–321

Mandelstam variables, 68, 98–99

mass

MS, 463

basis, 596

Breit–Wigner, 461

Dirac, 166

fermion, naturalness of, 412–414

gauge boson, naturalness of, 412–414

hadron, 774–775

Majorana, 178–179, 192, 600–602

neutrino, 600–602

pion, 506, 572

pole, 330–334, 336, 514

complex, 463

real, 461
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quark, 514

scalar, 408–412

matching, 430, 704–705

Meissner effect, 577

Mellin moment, 694

meson, 400–403, 513

minimal subtraction, 334–336, 349–350

Minkowski metric, 12

model

Abelian Higgs, 575–750

Georgi–Glashow, 579

Ising, 438

linear sigma, 564–566

nonlinear sigma, 566–573

parton, 673

Møller scattering, 246

Møller, Christian, 246

momentum

complex, 551

reference, 539

transfer, 63, 669

Mott formula, 237

MS (modified minimal subtraction), 334–336,

349–350

muck, brown, 760

narrow-width approximation, 462

naturalness, 407–414

technical, 414

neutrinos, 600–602

atmospheric, 602

solar, 602

Nishina, Yoshio, 246

Noether current, 33

Noether’s theorem, 34

non-Abelian gauge theory, 481–533

non-relativistic limit, 23–24, 63–64, 181–182,

727–728, 762–763, 765, 768

non-renormalizable theory, 342, 386–392, 394–416

normal ordering, 100–103

oblique correction, 644–653

off-shell, 46

old-fashioned perturbation theory, 46–55, 459

on-shell, 52

one-particle irreducible (1PI), 323, 330, 381–382

operator, 73–74

composite, 430, 686

irrelevant, 449

marginal, 449

relevant, 449

Slavnov, 501, 507

super-renormalizable, 449

operator product expansion, 686–693

Oppenheimer, Robert, 338

optical theorem, 453–456

oscillator, simple harmonic, 7, 17–18

pair-production, Schwinger, 718–720

parameter

Feynman, 822

Schwinger, 822–823

parity, 16, 195–198

Parke–Taylor formula, 551

partial wave, 463–466

particle

composite, 466

definition of, 110

elementary, 466

from second quantization, 20

identical, 206–208

unstable, 461–463

parton

model, 667–682

shower, 682

path integral, 251–283

fermionic, 269–272

path ordering, 491

Pauli matrices, 157

Pauli–Villars regularization, 302–303, 326–327, 332,

343, 348, 831–832

PDF (parton distribution function), 371–372,

674–699, 796–799

Peskin–Takeuchi parameters, 655–657

phase transition, 411, 435, 438–440, 495, 562–563,

574–578, 635–636, 638–640

photon, 4, 27, 46–810

decoupling, 544

π0
→ γγ, 617–620

pion, 400, 566–573

Planck scale, 44, 137, 403–407, 600

Planck, Max, 3–5

PNMS (Pontecorvo–Maki–Nakagawa–Sakata) matrix,

601

polarization, 109–138

asymmetry, 642

circular, 119, 187–188

eating, in Higgs mechanism, 576

electron, 190, 245

forward, 119

from Poincaré group, 111

graviton, 135–138, 153–155

in photon scattering, 238

in quantized fields, 123–128

in scattering, 231–234

linear, 119

longitudinal, 117, 118, 582

massive spin-1, 116–118

photon, 9, 44, 65–67, 118–120, 133–135, 145–146,

151–153, 225, 316, 360, 383, 672, 782–794,
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sum over, 138–139, 191, 221–222, 239–243, 361,

459–461

timelike, 124, 582

transverse, 117, 119–120, 151, 482, 502

unphysical, canceling with ghosts, 498

Polchinski, Joseph, 418

potential

between quarks, 512–513

Coleman–Weinberg, 744–752

Coulomb, 39, 301–303, 309–310

effective, 314, 392, 419

in QCD, 529–533

Uehling, 311

Powell, Cecil, 401

precision electroweak, 641–657

principle

cluster decomposition, 96, 208, 466

Huygens, 251

problem

U(1), 636, 638

hierarchy, 411

strong CP , 636–638

Proca (massive vector) theory, 116

propagator, 37, 41

advanced and retarded, 49–50, 75, 77

dressed, 305

Feynman, 75–77

gluon, 495–503

photon, 128–130

position space, 77

quantum

chromodynamics (QCD), 508–558, 657–697,

760–810

electrodynamics (QED), 224–247

field theory (QFT), 7–832

mechanics, 23–24

quark, 481–811

heavy, 760–775

in electroweak theory, 592–598

masses and charges, 514

sea, 676

valence, 676

Rξ gauge, 129–130, 495–502, 580–583, 754–758

radiation

final-state, 364–366

initial-state, 369–372

radiative return, 372

rank (of a tensor), 14

rapidity, 13

recursion, on-shell, 555–558

reflection positivity, 266–267

Regge behavior, 533

regularization

dimensional, 307–309, 326–327, 349–350,

373–380, 517–527, 678–689, 769–772,

802–807, 825–830

Gaussian, 293

hard cutoff, 289–291, 833

heat-kernel, 292

independence, 294–295

Pauli–Villars, 302–303, 326–327, 332, 343, 348,

831–832

point splitting, 833

ζ-function, 293

relativity

general, see gravity

special, 10–20

renormalizability, 342, 381–393, 449

renormalization, 300–309

charge, 340

condition, 304, 337

QED, 349–350

field strength, 340

group, 314, 336, 417–450

continuum, 417, 419–442

exact, 445

flow, 439

in 4-Fermi theory, 664–666

Wilson–Polchinski, 444–448

Wilsonian, 417, 442–450

HQET, 769–772

mass, 322–336, 338, 340

scale, 422

SCET, 807–810

renormalized field, 328

renormalized perturbation theory, 331, 339–353

reparametrization invariance, 775

representation, 159, 484–488

adjoint, 486–487

anti-fundamental, 485

faithful, 159

fundamental, 484

index of, 487

induced, 120

irreducible, 110

Majorana (of γ-matrices), 170

Poincaré group, 109–120

projective, 176–178

unitary, 110

Weyl (of γ-matrices), 169

resummation, 420

event shape, 807–810

retarded propagator, 49

ρ parameter, 654

Rosenbluth formula, 670

rotations, 11–12

running coupling, 313, 419–423, 526–528

Rutherford scattering, 67
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s, t, u (Mandelstam variables), 98–99

S, T, U (Peskin–Takeuchi parameters), 655–657

S-matrix, 56, 69–74

Lorentz invariance of, 212–215

off-shell, 279

unitarity of, 452–477

Sakharov conditions, 635

scalar, 13

mass, renormalization group flow of, 435–442

scalar QED, 121, 140–153

scaling

collinear, 782

Glauber, 782

hard, 782

soft, 782

ultrasoft, 782

scattering

Bhabha, 246

Compton, 4, 27, 155, 156, 238–246, 370, 559, 680,

682

light-by-light, 246, 717–718

Møller, 246, 248

Rutherford , 234–238

Thompson, 243

SCET (Soft-Collinear Effective Theory), 795–810

Schouten identity, 539

Schrödinger equation, 395–396

Schrödinger picture, 23, 56, 256, 453, 728

Schur’s lemma, 486

Schwinger

pair production, 718–720

parameter, 822–823

proper time, 703–732

term, 283, 284

Schwinger, Julian, 247, 320, 338

Schwinger–Dyson equations, 80–82, 272–277

seagull vertex, 145

second quantization, 20

see-saw mechanism, 203, 600

Seiberg duality, 640

Shelter Island conference, 247

simple harmonic oscillator, 7, 17–18

soft function

Drell–Yan, 798

hemisphere, 802

soft interaction, 782–790

soft photon theorem, 150–153
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