
Index

B0
(s)-B̄0

(s) mixing, 664
1/Q correction, 324
1/Q2 power correction, 329, 336
a0(980), 632
B → K ∗γ process, 641
B∗ Bπ coupling, 649
B∗ → Bγ decay, 649
Bc semileptonic decay, 650
C P-violation, 462
D∗ Dπ coupling, 649
D∗0 → D0γ decay, 649
e+e− → hadrons, 23, 259, 272, 292, 294, 296, 317,

321, 333, 358, 513, 533, 550, 557, 588
f0(980), 629
f J (1.71), 630
fπ at finite T , 690
fB(s) , 610, 612
fD(s) , 607, 608, 609, 610
gωρπ coupling, 520
J/ψ radiative decays, 627
K factor, 220
K → 2π decay, 659, 678
K +-K 0 mass difference, 588
K 0-K̄ 0 mixing, 668
Kl3 decay, 420
Li -coupling constants, 415, 434, 439, 530
M S-scheme, 82, 123
S-matrix approach, 27
SU (2) breaking, 599
SU (3) breaking, 594, 598, 609, 610, 618,

643
SU (N )c weight factors, 704
Z → hadrons, 262
α(MZ ), 145
β function, 96, 99, 100, 108, 291, 321
�B = 2 correlator, 375
�I = 1/2 rule, 372, 662
�S = 1 correlator, 372
�S = 2 correlator, 374
�S = 2 transition, 668
ε′/ε, 659, 661, 664, 669

 function, 720
γ γ polarized process, 190
γ γ scattering, 232, 410

M S-scheme for QED, 131
M S scheme, 105
M S-scheme, 73, 83, 100, 355
π -π scattering, 411
π+-π0 mass difference, 24, 530
π0 → γ ∗γ ∗ process, 522
ρ-meson spectrum at finite T , 691
ρ → ππ form factor, 525
σ , 622, 625
σ , 629
τ anomaly, 144
τ decay, 23, 109, 263, 271, 296, 323, 343, 533, 557,

588, 589, 676
τ lepton, 33
’t Hooft instanton solution, 331
’t Hooft Veltman regularization (HV), 78
G(1.5), 624

1S mass, 118

abelian projection, 485
accelerator, 3
adjoint representation, 704
Adler D-function, 127, 261, 317, 322
Adler sum rule, 185
Adler-Weisberger sum rule, 17
Altarelli-Parisi equation, 174, 229
analytic continuation, 358, 508
analytic regularization, 76
anomalous dimension, 96, 99, 100, 103, 104, 111,

122, 164, 171, 172, 291, 293, 386
anomalous threshold, 518, 652
anomaly, 96
astrophysical constants, 703
astrophysics, 3
asymptotic, 21, 22, 23, 109, 288, 318, 321, 358
asymptotic freedom, 38, 106
atomic number, 218
axial coupling constant, 437
axial-anomaly, 236
axial-vector, 14, 15, 23, 71, 120, 344, 352, 355, 357,

639
axial-vector correlator, 336, 343, 352
axial-vector correlator in x-space, 336, 389

773
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background field method, 91, 94, 96
background gauge, 92
bag constant, 666, 668
bag model, 395
bare quantity, 94
baryon, 10, 31, 292
baryonic correlator, 344, 364
baryons in the large Nc limit, 430
Becchi–Rouet–Stora transformation, 61, 88
Bell–Steinberger Unitarity Constraint, 657
Bell–Bertlmann equivalent potentials, 473
beta function B(x, y), 721
beta–function, 38, 93, 99, 103
BFKL pomeron, 180, 182
big-bang, 3, 682
binding energy, 468
Bjorken limit, 157
Bjorken scaling, 24, 153
Bjorken sum rule, 167, 190, 326
BLM scheme, 125, 258
Bloch-Nordsieck theorem, 242
bootstrap, 27
Borel, 321
Borel integral, 317, 318, 331
Borel integral ambiguity, 317
Borel plane, 318
Borel sum rule, 500
Borel transform, 316, 317
bottom quark, 33

C parameter, 249
Cabibbo angle, 13
Callan–Gross sum rule, 25, 169
Callan–Symanzik equation, 98
Campbell–Hausdorff formula, 398
canonical commutation relation, 62
Carlson theorem, 163
Cauchy integral, 162, 265, 503, 733
charge, 13
charm quark, 32, 609
charmonium sum rules, 513
chemical potential, 682
chiral limit, 21, 23, 95, 288, 294, 308, 317, 346, 356,

530
chiral logarithms, 415
chiral loops, 414
chiral perturbation theory, 395, 409
chiral symmetry, 14, 15, 16, 21, 71, 288, 291, 308, 333
chiral symmetry restoration, 681, 694
chiral Ward identities, 236
ChPT Lagrangian, 410, 414
chromomagnetic operator, 450, 517
CKM angle, 457, 462, 641, 643, 645, 667
CKM matrix, 33, 702
collinear divergence, 242
color superconducting phase, 681
colour, 33, 35, 252
composite model, 696
composite operator, 91, 93, 153, 160, 188, 290, 716
Compton scattering, 155

confinement, 34, 339, 405, 484
constituent quark, 11, 25, 436
constituent quark mass, 433
constituent quark model, 34, 432, 436
continuum limit, 397
contour coupling, 268
contour integral, 265
contravariant four-vector, 707
convergent, 21, 609, 612
coordinate space integrals, 733
Cornell potential, 468
correlation, 226
Coulomb potential, 465, 469
counterterm, 83, 86, 94
covariant derivative, 59, 60, 95
covariant four-vector, 707
covariant gauge, 314
covariant quantization, 60
CP violation, 654, 668, 679
CPT invariance, 656
CPT transformations, 710
crossing symmetry, 161
cumulants, 475
current, 13, 287
current algebra, 13, 15, 71, 409
current algebra Ward identity, 18, 20
current commutator, 153
current conservation, 13

Dalembertian operator, 707
Dashen formula, 696
decay constant, 15, 418, 516, 530, 572, 591, 607, 608,

609, 611, 612, 613, 615, 618, 620
decay rate, 42
deconfinement phase, 681, 694
decoupling theorem, 109
deep-inelastic scattering, 24, 109, 180, 324, 325, 716
detector, 3
dilogarithm function, 728
dilute gas approximation, 333
dimension two, 347, 550
dimension-eight condensate, 555, 677
dimensional reduction, 78
dimensional regularization, 74, 77
dimensional renormalization, 74, 86
Dirac algebra, 306, 711
Dirac equation, 709
Dirac matrices, 82, 119, 709
discretization error, 408
discretized light-cone quantization, 395
dispersion relation, 261, 491, 492, 494
divergence, 70, 607
divergent, 321
divergent series, 315
DMO sum rule, 22, 23, 527, 532, 674, 678
domain walls, 408
down quark, 31
Drell–Yan process, 216, 325
dressed mass, 116
dual-superconductivity, 484
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duality ansatz, 499, 513
duality in Veneziano model, 28
dynamical symmetry breaking, 696

effective charge, 132
effective charge scheme, 129
effective lagrangian, 411
eightfoldway, 15, 31, 71
eikonal anomalous dimension, 324
electromagnetic, 15, 23, 310, 317, 343, 357, 358
electromagnetic current, 358
electromagnetic form factor, 419
electromagnetic two-point correlator, 309, 343
electron anomaly, 135
electron structure function, 234
electroproduction, 24, 183
end point, 180
energy-energy correlation, 250
energy-momentum tensor, 362, 679
ENJL Lagrangian, 438
equal-time commutator, 15
equivalent photon approximation, 232
Euler constant, 82, 119
Euler-Heisenberg lagrangian, 409
events shape, 249
evolution equation, 175, 178, 229
exclusive decay, 638

factorization, 221, 229
factorization theorem, 176
Faddeev-Popov, 63, 65
Fadeev-Popov, 60, 87
fermion doubling, 401
Feynman, 290, 291, 298, 304, 305, 306, 309
Feynman diagram, 74, 87, 104
Feynman gauge, 59
Feynman integral, 318, 719
Feynman parametrization, 719
Feynman rules, 65, 93, 95, 714
Feynman rules for background field approach, 717
field strength tensor, 708
Fierz identities, 711
fine structure constant, 135
finite energy sum rule, 430, 503, 613, 668, 693,

696
finite energy sum rule integrals, 733
finite temperature, 682
flavour breaking, 594
flavour breaking of quark condensate, 598
flavour symmetry, 22
Fock-Schwinger, 299, 309
Fock-Schwinger gauge, 299, 308, 314
Fock-Schwinger method, 299, 303, 308
forces in nature, 3
form factor, 518, 638, 639, 640, 641, 643, 644, 645,

646, 647, 648
four-loop expression, 358
four-quark, 97, 288, 293, 294, 296, 297, 301, 307,

308, 310, 344, 632
four-quark condensate, 288, 293, 349, 553, 676

four-quark condensate at finite T , 690
four-quark correlator, 344, 371
four-quark state, 344, 371
fracture function, 190, 229
fragmentation function, 222, 225, 229, 243
fundamental representation, 705

gap equation, 436
gauge invariance, 58, 101
gauge parameter, 59, 87
gauge-fixing term, 60
Gaussian sum rule, 505
Gell–Mann–Oakes–Renner, 288
Gell–Mann–Okubo mass formula, 413, 422
Gibbs average, 682
GIM mechanism, 33
global duality, 21
global invariance, 70
global symmetry, 70
global transformation, 70
gluon, 35
gluon condensate, 287, 288, 290, 292, 293, 295, 299,

301, 302, 303, 305, 308, 309, 310, 311, 312, 314,
322, 334, 348, 354, 356, 471, 551

gluon condensate at finite T , 690
gluon fields, 60, 91, 104, 286, 287, 299, 301, 305,

307, 308, 309, 310, 314
gluon propagator, 61, 88, 302
gluon spin, 252
gluonia correlator, 344, 378
gluonia decay, 622
gluonia spectra, 621, 622
gluons on the lattice, 397
Goldberger–Treiman relation, 16
Goldstone bosons, 15, 16, 57, 71, 409
Grassmann algebra, 399, 403
Grassmann variable, 403
Green’s functions, 48
Gross–Llewellyn Smith sum rule, 187, 326

hadron, 22, 23, 91, 104, 261, 286, 287, 292, 294, 296,
317, 321, 333, 352, 358

hadron mean squared radius, 651
hadron multiplicity, 226, 253
hadron with charm and beauty, 620
hadronic ansatz to large Nc QCD, 427
hadronic contributions, 137, 141
hadronic correlation, 682
hadrons couplings, 608, 646, 649, 694, 696
hard pomeron, 181, 182
hard thermal loop expansion, 686
harmonic oscillator, 39, 510
heat distribution, 507
heat evolution, 507
heavy baryon, 618
heavy baryon correlator, 367
heavy hybrid correlator, 388
heavy hybrids, 636
heavy ion collisions, 682
heavy meson, 608
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heavy quark, 292, 296, 297, 302, 308, 311, 312, 609,
612, 639

heavy quark effective theory, 395, 443
heavy quark expansion, 296
heavy quark mass, 599, 606, 610, 613
heavy quark symmetry, 442
heavy quark two-point correlator, 308
heavy quarkonia decays, 253, 256
heavy to light exclusive decay, 638
heavy-light correlator, 350, 359
heavy-light meson, 292, 602
Heisenberg picture, 46
Higgs-like theories, 339
high-energy, 21, 321
high-energy physics, 343, 701
higher twist, 180
Hilbert representation, 261, 491
hot hadronic matter, 684
HQET Lagrangian, 444
HQET sum rule, 515
hybrid correlator, 344, 386
hybrid sum rule, 639, 640
hypergeometric function 2 F1(a, b, c; z), 722

imaginary time formalism, 683
inclusive density, 226
inclusive process, 221, 225, 229, 256, 271, 272, 458
incomplete beta function Ba(x, y), 722
index of divergence, 84
infrared, 290, 312, 318, 319
infrared divergence, 77, 241
instanton, 70, 285, 288, 293, 316, 318, 331, 332, 333,

334, 556, 574
instanton liquid model, 335
intensity rule, 218
invariant mass, 111, 291
invariant quark condensate, 291
IR renormalon, 318, 319
Isgur-Wise function, 452, 518, 645, 647, 648

Jade algorithm, 251
jet broadening, 249
jet cone, 244
jet finders, 255
jet shapes, 324
jets, 31, 35, 241, 246, 252, 255, 324

kinetic energy, 117, 450, 461, 517
Kinoshita-Lee-Nauenberg (KLN) theorem, 242
KSFR relation, 19, 22
Källen-Lehmann representation, 21, 261, 491

ladder graph, 177
Lagrangian, 60, 98
Landau gauge, 59, 96, 113
Landau pole, 38, 134, 324, 325
Laplace operator, 500
Laplace sum rule, 500, 551, 580, 600, 610, 612, 613,

640, 647, 666, 668, 691
Laplace sum rule integrals, 732

large Nc counting rule, 425
large Nc-limit, 97, 294, 295, 425
large β-limit, 322
large-size instanton, 334
lattice gauge theory, 395, 396
lattice regularization, 77, 397
lattice size, 407
lattice spacing, 397
lepton anomaly, 135
lepton-hadron scattering, 153, 160
Lie algebra, 60, 704
light baryon, 615
light baryon correlator, 364
light baryon coupling, 615
light baryon mass, 615
light cone distribution amplitude, 524, 525
light cone sum rule, 522
light hybrid correlator, 386
light hybrids, 634
light meson, 292, 615
light meson mass, 615
light quark, 15, 71, 81, 287, 291, 292, 296, 303, 304,

308, 309, 311, 333, 345, 352, 643
light quark mass, 574, 580, 587, 590
light quark mass difference, 578
light quark mass ratio, 423
light quark mass-difference, 588
light-by-light scattering, 141
light-cone expansion, 158
light-cone singularity, 152
local duality, 506, 614
local symmetry, 57
logarithmic integrals, 729
low-energy couplings, see Li -coupling constants415
low-energy theorem, 622, 624
lowest meson dominance model, 431
Luke’s theorem, 455

magic moments, 512
mass anomalous dimension, 99
mass correction, 531
mass singularity, 290, 297, 312, 348
mass-splitting, 258, 292, 451, 472, 534, 552, 621
massive integrals, 726
massless integrals, 722, 724, 727
matching condition, 109, 456, 528
matching the heavy and light quark, 311
Matsubara representation, 683
Mellin transform, 163, 170, 175
meson, 10, 15, 22, 23, 31, 71, 344, 607, 608, 609, 610,

611, 612, 613, 638, 639, 645
meson-gluonium mixing, 380, 381, 383, 631, 632
meson-quark mass gap, 516
mixed quark-gluon condensate, 288, 292, 297, 301,

306, 307, 308, 348, 356, 553, 617
mixing angle, 608, 647
mixing of scalar mesons, 628
moment sum rules, 160, 162, 232, 240, 499, 601, 666
momenta, 707
moments, 171
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momentum integral, 79
momentum subtraction scheme, 124
monopole, 339, 484
muon anomaly, 136
muon-electron mass ratio, 148
muon-electron ratio of magnetic moments, 148
Muonium hyperfine splitting, 146

Nachtmann variable, 180
Nambu–Goldstone, 13, 15, 16, 57, 71
Nambu–Jona–Lasinio model, 434
narrow-width approximation, 22
naı̈ve dimensional regularization (NDR), 77
neutrino scattering, 185
neutron electric dipole moment, 695
Noether current, 14, 71
non-abelian chiral anomaly, 416
non-factorizable corrections, 666
non-Landau pole, 644
non-normal ordered, 347, 595, 599
non-normal ordered condensate, 291, 292, 297, 347,

348, 349, 353
non-singlet, 164, 167, 169, 174, 326
non-singlet form factor, 237
non-relativistic aspects of QCD, 39
non-relativistic effective theories, 479
non-relativistic limit, 466
non-relativistic pole mass, 117
non-relativistic sum rules, 501, 511
normal ordered, 152, 356, 594
normal ordered condensate, 292, 301, 312

on-shell scheme, 132
operator mixing, 294, 362
Operator Product Expansion (OPE), 151, 233, 287,

291, 296, 297, 298, 308, 313, 352, 609, 610, 612
optical theorem, 23, 155
optimization criteria, 509
ordinary pomeron, 182
OZI rule, 188, 191, 240, 256, 624

particle physics, 3
parton model, 24, 153, 174, 217, 227, 235, 264
path integral, 45, 50, 63
Pauli-Villars regularization, 76, 289
PCAC, 13, 15, 16, 71, 288, 291, 410, 594
penguin operator, 669
phase transition, 334
photon structure function, 233
physical constants, 701
pion decay constant, 15
pion-sigma term, 19
planar diagram, 29
plane wave method, 313, 314
plaquette, 398
PMS optimization scheme, 127
polarizations, 710
polarized deep-inelastic scattering, 188
polarized parton density, 177
polarized target, 177

pole mass, 112, 327, 349, 497, 602, 604, 644
pole mass difference, 117
pomeron, 180, 181, 182, 185
potential approaches, 464
potential model, 39, 395, 468
power corrections, 285, 287, 324, 336, 531
power counting rules, 84
pre-QCD era, 10
prompt photon, 221
propagator, 65, 715
proper vertex, 188
proton structure function, 24
pseudorapidity, 255
pseudoscalar, 81, 96, 304, 333, 344, 345, 347, 349,

352, 551, 574, 591, 607, 639
pseudoscalar correlator, 336, 345, 361
pseudoscalar correlator in x-space, 336, 390
pseudoscalar current, 118, 345
pseudoscalar gluonia correlator, 378
pseudoscalar gluonium, 632
pseudoscalar sum rule, 580
pseudoscalar two-point correlator, 81, 118, 290, 303,

343

QCD condensate, 266, 287, 296, 337, 496, 497, 550
QCD continuum, 499
QCD coupling, 103, 109, 185, 231, 252, 258, 269,

343, 404, 497, 533
QCD effective action, 395, 424, 433
QCD Lagrangian, 60
QCD Lagrangian counterterms, 86
QCD phase, 681
QCD scale , 106
QCD spectral sum rule, 258, 285, 343, 489, 665
QCD story, 31
QCD tests, 252
QED Lagrangian, 58, 131
QED low-energy tests, 135
QED running coupling, 145
quantization, 50, 53, 63, 68
quantum number, 10, 32
quark, 3, 10, 31, 34
quark charge, 32
quark condensate, 15, 287, 288, 290, 291, 294, 297,

301, 304, 307, 308, 310, 311, 312, 314, 333, 343,
347, 354, 436, 551, 572, 578, 585, 612, 639,
643

quark condensate at finite T , 686
quark family, 33
quark fields, 21, 299, 301, 304, 305, 306, 307, 314
quark flavour, 32
quark mass, 31, 87, 100, 111, 287, 291, 292, 296, 297,

302, 308, 312, 343, 347, 348, 352, 355, 357, 572,
610, 612, 613, 641, 645

quark mass correction, 343, 347, 353, 356
quark mass ratio, 413, 421
quark model, 10
quark on the lattice, 399
quark propagator, 81, 95, 119, 302, 303, 305, 308
quark-gluon plasma (QGP), 681
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quark-hadron duality, 22, 521, 653
quenched approximation, 407

rapidity variable, 221
ratio of moments, 501
Regge limit, 181
Regge poles, 27
Regge trajectories, 27
regularization, 76, 77, 98, 289, 312
renormalizability, 84, 89
renormalization constants, 87
Renormalization Group Equation (RGE), 99, 102,

104, 105, 118, 121, 122, 164, 290, 291, 294
Renormalization Group Invariant (RGI), 107, 109,

317, 668
renormalization of operators, 91
renormalization scheme, 98, 109
renormalon, 268, 285, 287, 288, 290, 315, 316, 317,

318, 320, 321, 324
residual mass, 118
residual mass term, 449
retarted correlator, 682
Richardson potential, 468
Riemann function, 720
running coupling, 106, 109, 270, 317, 358
running gauge, 110
running mass, 111, 287, 497, 601, 604

scalar, 60, 305, 307, 344, 345, 347, 348, 350, 352,
593

scalar correlator, 336, 343, 345, 361
scalar correlator in x-space, 336, 390
scalar current, 345
scalar field theory, 288
scalar gluonia correlator, 381
scalar Lagrangian, 288
scalar mesons, 628
scalar product, 707
scalar sum rule, 587, 597
scaling violation, 169
Schrödinger equation, 464
Schrödinger picture, 46
Schwinger interpolating formula, 601
Schwinger representation, 719
semi-inclusive polarized process, 190
semileptonic decay, 452, 620, 638, 641, 643, 650
short-distance, 496
singlet, 170, 175
singlet form factor, 239
Skyrme model, 395
Skyrme parameter, 431
Slavnov-Taylor identities, 61, 83, 88
slope of the topological susceptibility, 188
small-size instanton, 334
soft divergence, 242
soft gluon, 241
soft photon theorem, 13
soft pion techniques, 22, 673
soft pion theorem, 13, 16, 17, 19
soft pomeron, 181, 182

space-time coordinate, 707
spectral function, 21, 22, 23, 120, 264, 343, 349, 350,

357, 358, 491
spectral representation, 519
spectral sum rules beyond QCD, 696
spectroscopy, 615
spherocity, 247
spin crisis, 188
spin of the photon, 232, 235
splitting function, 175, 178, 235
static limit, 612, 613
static potential, 465, 477
stochastic vacuum model, 395, 474
strange quark, 31
strange quark mass, 273, 588
string tension, 34, 406
strong coupling, 405
strong interaction, 696
structure function, 156, 162, 163, 164, 174, 175, 183,

189, 326
subtraction constant, 594, 597
superconvergent sum rules, 21, 609
superficial degree of divergence, 84, 104
superfield, 78
supersymmetry, 176
SVZ expansion, 266, 287, 288, 289, 290, 302, 496
SVZ expansion: beyond, 329

tachyonic gluon, 360
tachyonic gluon mass, 329, 384, 550, 574
target mass correction, 180
Taylor expansion, 300, 301, 302, 304, 305
telescope, 3
tensor gluonium, 631
tensor gluonium correlator, 383
tensor-quark correlator, 344, 362
thermal QCD, 681
three-gluon condensate, 555
three-loop expression, 108, 346, 353
three-point function, 303, 638, 639, 668
threshold, 261, 610, 644, 646, 696
thrust, 247, 324
time-ordered product, 41, 151
top quark, 33
topological charge, 97, 189, 235, 333
topological susceptibility, 188
totally anti-symmetric tensor, 713
transition matrix, 45
tri- and di-gluonium mixing, 382
tri-gluonium correlator, 382
triple gluon condensate, 293, 308, 310, 356
twist, 158, 159, 524
two-loop expression, 345, 346, 349, 352, 357, 646
two-point function, 105, 287, 341, 352, 639, 668,

684
two-point function in x-space, 389

ultraviolet, 289, 321
ultraviolet divergence, 77
universe, 3
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up quark, 31
UV fixed point, 106
UV renormalon, 321

vacuum polarization, 133
vacuum saturation, 294, 295, 308, 338, 349, 678
vector, 14, 15, 23, 71, 344, 352, 357, 645, 646, 649
vector correlator, 336, 343, 352, 360
vector correlator in x-space, 336, 389
vector current, 312
vector spectral function, 357
Veneziano amplitude, 28
Veneziano model, 27
vertex, 66, 715
vertex sum rule, 518, 638, 647, 649

Ward identity, 15, 120, 290, 347, 352, 594
weak coupling, 404
wee hadrons, 34
Wegner–Wilson action, 397

Wegner–Wilson loop, 398, 405, 476
Weinberg renormalization scheme, 125
Weinberg sum rule, 21, 22, 23, 428, 527, 531
Weinberg’s theorem, 104
Weyl fermion, 176
Wick or normal ordered product, 40
Wick’s rotation, 79
Wick’s theorem, 40, 151, 291, 297, 304, 305, 306,

307, 355
Wigner–Weyl, 15, 71
Wilson coefficient, 164, 167, 229, 287, 289, 299, 301,

302, 303, 304, 311, 312, 313, 314, 343, 352, 496,
644

Wilson fermion, 401
Wilson loop, 405
Wolfenstein parametrization, 703

Yang-Mills, 60, 332, 334

zeta prescription, 508
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