Index

* Capitalization has been disregarded in the alphabetization of the index. Word boundaries,

even those involving hyphens and apostrophes, have also been disregarded. Thus, for the
following entries, the order is as follows: D-dimensional comes before de Broglie, and D
mesons comes later.

For entries involving a symbol, the alphabetical order has been defined by the way the
symbol is pronounced. For example, A appears at the alphabetical place appropriate for
Lambda, and D* comes where Dstar should appear.

Names of scientists have not been included in the index, except where a name appears as
an inseparable part of the name of a physical variable or phenomenon, like Wick rotation
or Dalitz plot.

Some entries have been marked with a bullet sign (e), implying that we have not listed
all occurrences of that word or phrase in the index. The index only refers to the first

occurrence or definition of the word or phrase.

2-point function 111, 323, 325-326, 351,
579

3-point function 313, 546

4-point function 111

accidental symmetry 523-526, 557, 573,
575, 681, 710
allowed approximation 412
anapole moment 145, 147, 182, 200
anomalous magnetic moment (see
magnetic moment)
anomaly 14, 248, 544-557, 658, 661, 714
co-efficient 551, 557
matching 555
antimuon (listed under muon)
antiparticle e 3
antiproton 134, 238, 407, 725
anti-unitary operator 189-191, 193, 194,
196
appearance experiments 668
arrow convention for Feynman diagrams
88, 89, 116-117, 346, 688
associated Legendre functions 168, 212
asymmetric collider 252

asymptotic freedom 332, 371, 372, 726
asymptotic properties of gauge fields
375-384
atom 1-3, 5, 9, 118, 173, 229-230, 399,
400
hydrogen 1, 6, 9, 171, 613-615
parity violation in 181
atomic number 236, 410, 691, 692
axial charge/symmetry 538-540, 544,
545, 658, 661-662
axial vector
bilinear 158, 163, 187, 193, 411-413,
419, 423, 425, 426, 434, 480-481,
495, 498, 500-502, 527, 535-537,
539, 545, 546, 550-552, 554, 658,
684, 755
non-relativistic limit 673
current (listed under axial vector
bilinears)
field 158
vs polar vector 80, 154
axion 661

BaBar 657

T
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bag model 517
Baker—Campbell-Hausdorff formula 44,
181, 362
bare fields and parameters 324,
329-330, 353, 370, 701
barn 253
baryon e 5, 206
baryon number 159, 220, 225-227, 240,
249, 255, 293, 294, 318, 523-526,
529, 539, 544, 557, 598, 703
conservation 227, 291, 294, 523
violation 227, 525-526, 557, 707
beta decay 3, 28, 179, 238, 247, 291,
410-412, 437, 440, 461, 527
double 691, (see also neutrinoless)
inverse (see inverse beta process)
beta function (for couplings) 330-334,
372
beta function (math) 381, 762
bilinears of fermion fields 79-80, 203,
386, 476, 480, 511, 513, 515, 527,
643, 645, 682, 683, 687
charge conjugation properties of
162-163
CP properties of 186
CPT properties of 194-195
G-parity transformations (see
G-parity)
parity properties of 155—-156
time-reversal properties of 193
binding energy 9, 670
bi-unitary transformation 485, 488, 658
Bjorken-z 395-397, 406
Bloch solutions 383
B mesons 15, 252, 607-609, 611,
646648, 650, 651, 654—657
Bohr radius 173
Bose symmetry 136-138, 141, 549, 553,
629
boson e 2
bottomonium 252, 607
bottom quantum number 503, 589, 607,
608, 655
bottom quark 3, 4, 241, 593, 606608,
610-612, 646, 655, 726
Bott’s theorem 382
box diagrams 510, 513, 517, 609,
646-648, 654, 688, 690
bubble chamber 230, 235, 239

Index

Cabibbo angle 487, 516, 518, 648, 725
Callan—Gross sum rule 399
cascade particles 240, 273, 274, 291, (see
also E baryons)
Casimir invariant 309-310, 330-332,
339, 344
cathode rays 228
center of energy 56
Cerenkov radiation 119, 235
CERN 250, 252, 725
charge algebra 534, 535
charge conjugation 150, 158-164, 169,
189, 198, 211, 213-214, 290, 291,
293, 313, 375, 470, 480, 499, 508,
620, 650, 688, 746
of multi-photon states 170
of positronium states 171-173
charged current interactions 469, 470,
475477, 486488, 499, 504, 593,
594, 605, 619, 621, 623, 665, 687,
703
selection rules 502-503
charged kaon (K¥*) 181
decay 496-497, 503, 517, 518
charged lepton oscillation 668-669
charge quantization 219, 701, 707
charge symmetry transformation 210
charmonium 594-597, 599, 602-603,
607, 650
charm quantum number (and hadrons
carrying that number) 503, 598,
601, 603, 605-609
charm quark 3, 4, 241, 400, 401, 409,
503, 518, 593-595, 597-598, 603,
605, 606, 608, 612, 619, 650, 726
in loops 514, 517, 644
mass 334, 335, 516, 602
chemical reactions 399
chiral
charge 534
coupling 557, 580
currents 469, 527, 537, 551, 555, 703
fermion 459, 490, (see also Weyl
fermions)
Lagrangians 542-544
projections 416417, 419-420, 426,
427, 459-462, 465, 470-473,
482-483, 485, 486, 491, 492,
495-496, 527-528, 531, 536, 551,
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556, 567, 621, 663-664, 687, 693,
697, 702-703, 706, 709, 710, 750
symmetry 14, 528-535, 552, 658-660,
701
breaking 535-542, 544
theory 331, 551
chirality 413, 416-417, 419, 420, 460,
461, 465, 496, 531, 536, 696, 704
of neutrinos and antineutrinos (see
neutrinos)
vs helicity 416-418, 664
Chooz 672
CKM matrix 486-488, 493, 496, 511,
512, 514, 519, 605, 606, 608, 621,
622, 624, 640, 642, 644, 647,
652655, 665, 700, 701, 710, 723
Wolfenstein parametrization 488,
609, 648
Clebsch—Gordan co-efficients 209-211,
216, 221, 223, 292, 632, 633, 635,
732-734
cloud chamber 230-231, 235
CM frame e 29, 31, 32
Cockcroft—Walton generator 232, 252
collider 235238, 250-252
ete™ 134, 250-252, 589
hadronic 134, 250-251
color e 294297, 318-321
SU(3) 318-319, (see also QCD)
color-flow diagram 350-352
compactified dimensions 713-715
Compton scattering 126-131
QCD analog 340, 341
confinement 371-373, 375, 404, 409
conversion probability 666—668, 675
Cooper pairs 535
cosmic rays 230-231, 238, 250, 671, 724
counterterms 323—324, 326-328, 763
coupling constant e 75
covariant derivative 114, 300, 304, 306,
315, 316, 335-336, 454, 462, 463,
469, 485, 486, 561, 563, 621
CP 185-187, 514, 620
conjugate 187, 507, 620
eigenvalue and eigenstate 507, 508,
609
invariance 187, 198, 470, 507-508
phase 186, 187, 620, 621
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transformation 186, 194, 508
violation (listed under CP violation)
CPT 184, 194-198, 200, 207, 280, 379,
420, 505-507, 516, 527, 626,
629-631, 635, 637, 652, 655, 656
theorem 195-196
CP violation 15, 290, 379, 486—489,
507-509, 527, 593, 606—607, 609,
620-662, 679, 700-701, 725, 726
direct 627, 628, 636—637, 639-640,
647, 726
equivalent to T violation 200, 379
from QCD 657-662
indirect 626, 628, 629, 636—-637, 640,
650, 659
in leptonic sector 689—691
interference 628
creation and annihilation operators e
85-86
creation phase factor 683
crossing symmetry 130, 131, 134, 247,
340-342, 346, 497
cross-section e 99-100
differential e 105-109
current-current correlations 578
current-current interaction 410
current algebra 535
custodial symmetry 573-576, 578, 579
cyclotron 9, 232234, 724

Dalitz plot 30, 99
Daya Bay 672
D-dimensional spacetime 328, 580, 758,
761, 763-765
de-Broglie relation 8
decay constant 501, 541, 617, 618
for kaons 496
for pions 495, 536
decay rate e 95-99
differential 109-110
decay width 245, 248-250, 497, 567,
568, 684
decuplet 274, 277, 287-289, 292,
294-296, 541, 602
deep inelastic scattering 14, 395, 399,
400, 403—405, 408, 519, 725
A baryons 223, 225-226, 240, 242-244,
274, 275, 287-288, 292, 296, 320

Al = % dominance 633
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DESY 607
deuterium 6, 614
deuteron 176, 207-209, 215, 216, 218,
669, 670
DGLAP equations 406
dineutron 215
dipole moment
electric (see electric dipole moment)
magnetic (see magnetic moment)
diproton 215
Dirac equation 6971, 80-82, 415, 419,
421, 536, 619, 743, 744
for spinors 71, 124, 128, 475, 491,
494, 577, 744, 752
Dirac field
bilinears (see bilinears)
Lorentz group transformation
properties 59, 75-78, 331, 413
Dirac Hamiltonian 69, 413, 743
and s 416
Dirac Lagrangian 81, 112, 154, 357, 528,
529, 674, 680
for Majorana fields 693
in Euclidean space 358
invariance / symmetry of 83, 155,
192, 319, 528, 529
sign of the mass term 696-697
Dirac mass terms 696
Dirac matrices e 70, 735-743
Fuclidean 357
Dirac spinors e 71-72, 743-752
disappearance experiments 668
dispersion relation 23, 118
dispersion relation (see also
energy-momentum relation)
D mesons 598-603, 605, 609, 610, 617,
648
double-line notation 349-351
D™ mesons 599, 617
dual field-strength tensor 144, 376, 379,
550

effective
coupling 142, 652, 703
energy 674
field theory 75
Hamiltonian 142, 144, 504-505, 515,
626, 628, 636, 637, 654, 673, 674
interaction 142, 181, 185, 200, 493,

Index

510, 511, 554, 555, 562, 707
Lagrangian 278, 493, 511, 513, 515,
516, 543, 544, 673, 697
mass 278, 409, 676
operator 511, 515, 687, 699
parameter 657-660
vertex 139, 148, 181, 185
electric dipole moment (EDM) 145, 147,
173, 182, 200, 651-652, 655, 659
electron—electron scattering 119-126,
134, 206, 320, 339, 440, 685
electron-neutrino (ve) 3, 4, 429, 435,
460, 461, 473, 475, 669, 670, 725,
(see also neutrino—electron
scattering, neutrino oscillation)
electron—neutron scattering 400, 402
electron—photon scattering (see
Compton scattering)
electron—positron scattering 12,
124-126, 131-134, 248, 344-346,
388, 404-405, 440, 567, 594-597,
603, 607, 610
electron—proton scattering 399, 400,
402, 403, 522
elastic 385-388, 392
inelastic 389-393
electron scattering off neutrinos (see
neutrino—electron scattering)
endergonic reactions 34, 429
energy-momentum
conservation 97, 106, 117, 118, 490,
493
relation 23, 27, 90, 96, 97, 108, 111,
(see also dispersion relation)
e~ scattering (listed under
electron—positron scattering)
equivalence theorem 570-572
Ne meson 599, 602-603, 612
1 meson 222, 256, 270, 272, 277,
280-281, 290, 500, 541, 544, 599,
603
n’ meson 222, 272, 281, 544, 552, 599,
603, 651, 661
Euclidean space 356-361, 363, 364, 369,
373, 379-380, 382, 514, 547, 759
Euler-Lagrange equation 73, 80-82,
135, 306
Euler-Mascheroni constant 764
Euler’s topological formula 324

et



Index

exclusive scattering 389, 404

exotic states 352

extended dimension 713

extended Lorentz group (see Lorentz

group)
extended Poincaré group (see Poincaré

group)

Fadeev—Popov ghosts 313-315, 331, 332,
355

faithful representation (of a group) 46

FCNC (flavor-changing neutral current)
486, 518, 608, 710

Fermi constant e 419, 434, 474

Fermilab 250, 607

fermion e 2

fermion doubling problem on lattice
364-367

Fermi transition 412

Feynman amplitude e 94

Feynman diagrams e 89

Feynman parameter 146, 147, 581,
756757

Feynman rules e 90-94, 313, 314, 420,
469, 472, 559, 560, 563, 766771

Fierz transformation 420-426, 438, 477,
515

final-state interactions 200, 631

fine-structure constant 122, 174, 242,
329, 332, 333, 338, 393, 575, 577

fine tuning 660, 701, 712

first-class current 500

fixed-target frame (see FT)

flavor e 219, 271

form factor 138—-149, 181, 182, 200, 322,
387, 391-393, 400, 405, 489, 499,
502-504, 553, 619, 686

forward-backward asymmetry 134,
478-481, 610

fragmentation functions 404-405

FT (fixed target) frame 32-34, 100,
108-109, 129, 234, 390, 395-396,
429

fundamental representation e 54

Furry’s theorem 185, 313

fusion reaction 670

gamma function 328, 762-763
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gamma matrices (listed under Dirac
matrices)
Gamow—Teller transitions 412
gauge-fixing 82, 92, 115-116, 310,
313-315, 323, 325, 355, 455-456,
467-468, 564, 574, 579
gauge boson e 114, 300
gauge symmetries o 114
gauge theories o 114, 298
Gell-Mann—Nishijima relation 256, 465
Gell-Mann—Okubo mass formula
for baryons 280
for mesons 280, 281, 541
generators (see Cockroft—Walton, van
de Graaf), 232
of groups (listed under group)
GIM cancellation 512, 513, 518, 594,
606, 608, 687, 689
glueball 353, 409
gluon—gluon scattering 342-344
gluons e 7, 319
gold-plated mode 592
Goldstone bosons 450, 451, 457, 458,
530, 532, 535, 536, 539, 542, 544,
552, 572, 574, 661, 710
interactions of 451454
would-be 458, 571, 572, (see also
unphysical Higgs bosons)
Goldstone theorem 449-451
Gordon identity 140-142, 147, 387, 502,
617, 752
G-parity 211-214, 290, 292293,
499-500, 605
grand unified theories 219, 249, 704-709
gravitation 6-7, 14, 16, 371, 372, 586,
700-701, 704, 712-714
graviton 714
Green function 111, 140
group e
algebra 44
and symmetry 36
definition 35-36
generators 42-45
representation (see representation)

Haar measure 368, 373

hadron e 3, 206

hadronization 345, 404, 519, 591, 612
harmonic oscillator 84
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Heaviside—Lorentz units e 66
heavy quark flavor symmetry 614
heavy quark spin symmetry 615
helicity 179, 413-415, 420, 495-496, 741
of neutrinos 418-419, 425, 426, 460,
663-664
projection 415, 751
vs chirality (listed under chirality)
helium 6
Higgs boson 7, 14, 472, 489, 492, 515,
558, 562, 564, 569, 570, 583-592,
708, 769-771
field 621, 680
mass 584-592, 701-702, 712
multiplet 492, 562, 697-698, 708
potential (see potential)
unphysical (see unphysical Higgs)
Higgs mechanism 454-458, 571
horizontal symmetry 709-711
hydrogen
atom (listed under atom)
nucleus 247
hypercharge 255-257, 269-271, 274-276,
465
hyperon 239-240, (see also A)

ideal mixing 282

ILC 250

inclusive scattering 389, 404, 519

infinite momentum frame 398

instanton 382, 557

interference CP violation 650

intrinsic Majorana phase 683, 685

intrinsic scalar 153, 157

invariant subgroup 704

invariant tensor 728, 730

inverse beta process 247, 248, 669, 670

isospin 201-227, 240, 245, 254-257,
270271, 273, 275279, 287288,
290, 292293, 399, 400, 465, 500,
515, 528, 530, 532, 536, 540-5H41,
544, 599, 601, 602, 606, 629630,
632, 644, 724, 732

isotope 229, 691

isotropy of space 439

Jacobi identity 262, 308, 343, 377
Jacobian 404

Index

Jarlskog invariant 624—625, 640, 645,
653, 654
jet 333, 344-348

kaon 239-240, 255257, 270, 293,
539-541, 544, 599, 604, (see also
charged kaon, neutral kaon)

decay 289, 503

from decay of heavier particles 497
parity 255

quark composition 255

Katluza—Klein theory 713

KEK 252

Klein—Gordon equation 62, 64, 66, 69,
80, 81, 243, 713, 735

K™ mesons 241, 272, 281, 292, 599, 608

ladder operators 205, 212, 258, 303
Lagrange’s equation of motion 25, (see
also Euler-Lagrange equation)

A baryons (including A. etc) 239-240,
252, 273, 274, 279-280, 283-285,
288-289, 291292, 509, 600, 601,
606, 607, 618-619

Aqcp 334-336, 404, 409, 593, 612

Landau pole 586

Landé g-factor 144-149

lattice calculations 352-371, 373, 383,
409, 644

link variables (see link variables)

lattice units 369

Legendre polynomials 168, 174, 212, 439

LEP (Large electron—positron collider)
250, 575, 589

lepton mixing 664-665, 680, (see also
neutrino mixing)

consequences of 685691

lepton number 159, 523-526, 557, 681,

685, 703
violation 249, 690-694, 697, 707

leptons 3

Levi-Civita symbol e 728-731

LHC (Large hadron collider) 236,
250-253, 407, 588, 589, 592

linear accelerator 233, 251

link variables on lattice 360-361, 367,
370, 374

loop diagrams 90, 93-94, 101, 104, 110,
111, 145-148, 182, 315, 323-333,
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342, 349-353, 438, 442, 486,
510-512, 514, 517, 518, 546-547,
549, 550, 552, 555, 568, 575-H83,
585-590, 594, 608, 611, 643, 644,
648, 652, 685, 686, 688, 699,
701-702, 712, 756765, (see also
box diagrams)
Lorentz
algebra 54, 55
covariant conjugate 161
group 52-56, 59, 63, 75, 76, 201, 264,
331, 360, 413, 443, 460, 573, 704
extended 56-59, 79, 150, 151
generators 54, 143, 562, 737
invariant (also Lorentz scalar) 23, 24,
29, 63, 74-80, 91, 95-96, 99,
104-105, 107, 108, 122, 140, 141,
181, 195, 196, 223, 224, 305, 325,
391-392, 394-396, 403, 415-417,
419, 431, 432, 443, 499, 501, 520,
535, 553, 681, 686, 695, 751, 757,
758
transformations 11, 16-19, 21-24, 26,
52-53, 59, 63, 65, 75-80, 151, 160,
161, 203, 331, 416, 419, 460, 494,
499, 681, 699, 728, 730, 751
Lorentz factor 251
LSZ reduction 537-538
luminosity 253
design 253
instantaneous 253
integrated 253

magnetic moment 6, 141, 143, 144, 197,
198, 289, 294, 407, 408, 542
anomalous 143, 144, 148-149, 387
Dirac 143, 144
of baryons 283288, 408
of vector bosons 562
magnetic monopole 219, 372
Majorana fermion 680—685, 689—-693,
697
Majorana mass 695, 697, 698
Majorana phases for CP violation 690
Mandelstam variables 104—108, 121,
122, 124, 125, 128131, 133,
337-339, 395, 403, 438, 439, 480,
522, 569, 570, 595
mass (kinetic vs invariant) 23
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mass matrix
for gauge bosons 574-575
for neutrinos 664, 665, 695, 696, 698
for quarks 484, 621, 658, 659, 664
Maxwell’s theory/equations 65-66, 712
Meissner effect 372
meson e 5, 206
metric e 20, 21, 727-728
in Euclidean spacetime 356
in group parameter space 367, 368
Michel parameters 437—438
minimal substitution 114, 135, 560, 561
mirror nuclei 201, 210
molecule 5
multiplicative arbitrariness of U(1)
charges 113, 116, 303, 465, 556, 703
muon (and antimuon) 3-4, 134, 159,
177, 181, 200, 237, 238, 241, 247,
332, 385, 415, 470, 497, 702
decay 411, 430434, 473474,
685690
with polarized muons 198, 434—438
discovery 3, 231, 246, 724
from decays of heavier particles 179,
248, 415, 434, 493-497, 503, 518,
594, 626, 689
in scattering processes 337, 385, 388,
402, 429-430, 519-522, 694
mass 594, 710
pair production 131-134, 337, 346,
478-480, 594-595, 607
muon—antimuon production (see muon
pair production)
muon chamber 238
muon-neutrino (vy) 3, 4, 248, 249, 411,
429-430, 473, 475, 497, 670, 671,
725, (see also neutrino—electron
scattering, neutrino oscillation)
muon number 524

natural units e 12-14
neutral current 470, 475477, 486, 502,
504, 536, 605, 670
neutral kaon 15, 608-609, 726
comparison with other neutral meson
systems 609, 646
decay 508-509, 517-519, 609
CP-violation in (see CP violation)
eigenstates 504-507, 624, 626
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mixing and mass difference 504,
510-517, 609
oscillations 509-510, 666
neutrino—electron scattering 475-478
elastic 426-429, 439, 669
inelastic 429-430
neutrino—proton scattering 519-522
neutrino helicity (listed under helicity)
neutrinoless double beta decay 249,
691-694
neutrino mass 15, 459, 472, 567,
663-701, 709
hierarchy 679, 694
neutrino mixing 670, 680, 685, 688,
692-694, (see also lepton mixing)
neutrino oscillation 248, 665—673,
675-678, 680, 685, 694
neutron 175, 440, 441, 555
as a member of the SU(3) baryon
octet 274, 279
composite structure of 2, 141, 400,
402
decay 291-292, 410
discovery 2, 229, 724
EDM 200, 652, 660
in nuclei 1-3, 6, 176, 201, 614
isospin (see isospin)
magnetic moment 141, 284, 287, 288,
294, 408
parity 176, 177
neutron-proton mass difference 10, 202,
288, 291, 292, 528
Newton’s constant 14, 586
Newtonian mechanics 9, 10, 16, 23, 24,
150
Noether charge and current 82-83, 85,
114-116, 135, 306, 528, 531, 533,
535, 544
Noether’s theorem 24-25, 82, 114, 545
failure of 544—550
non-anomalous global symmetry 551,
557, 703
non-planar diagram 324, 350
non-renormalizable theory (see
renormalizability)
nonet of mesons 282, 292, 599, 603, 608
normalization
of creation and annihilation operators
64

Index

of group generators 259, 303, 305,
308-310
of one-particle states 87, 505, 506
of polarization vectors 67, 68
of spinors 72, 745, 753
of U(1) quantum numbers 597, 703,
705
normal matrices 484, 626
nuclear magneton 284, 285, 408
nuclear reactor (see reactor)

oblique corrections 576-583, 587

ocean quarks 400, 401, 407, 408, 588,
601, 612

octet 266, 269, 271-273, 277

of baryons 270, 273-274, 277,
279-280, 283, 285-288, 291-292,
295-296, 600, 601
of mesons 256, 270, 272273, 277,

280282, 289290, 498, 539, 541,
552, 598-599, 661

octet-singlet mixing 282

off-shell particles e 90

Q baryons 274, 275, 292, 296, 600, 601,
606

w meson 211, 213-214, 257, 272,
281-282, 292, 599, 603

on-shell particles e 90

orbital angular momentum 167, 168,
171-174, 178, 212, 215, 216, 222,
273, 296, 412, 413, 508, 629

orbital parity (listed under parity)

OZI (Okubo-Zweig-lizuka) rule 293,
604—-605, 607, 608

pair annihilation 130, 171, 247, 289,
290, 293
pair creation 130-131, 373
parity 57-60, 79, 80, 150-159, 162, 171,
173, 181, 182, 184, 189, 201, 202,
223, 375, 391, 527, 532, 603, 650,
651, 658, 659, 703
intrinsic 152-158, 164-167, 175-177,
181, 186
sign convention 175
of fermion-antifermion bound states
171-172, 222, 273
of baryons 175-176, 273
of multi-photon states 170, 173, 176
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of photon 158, 175
of pions (listed under pion)
orbital 167-168, 171, 173, 176-177,
180, 181, 508
violation 156-158, 177-184, 193, 199,
200, 290, 379, 387, 410, 412, 419,
434-438, 460, 470, 480, 527, 620,
651, 658, 702, 725, 730
partial wave unitarity 439, 570, 584
partition function 354
parton 396-399, 404, 519
distribution function 399407,
521-522
-level scattering 404
path-ordered integral 355, 360
path integral 354-355, 357, 360, 368
on a lattice 367-368, 373
Pauli exclusion principle 314
generalized 214-217, 296-297, 629
PCAC 536-538, 553, 554
Peccei—Quinn 661-662
Peccei-Quinn symmetrypenguin
diagram 517, 642-647
electroweak 643
perturbation theory e 89
Peskin-Takeuchi parameters (see
oblique corrections)
phase shift 631-632, 645
phase transitions 370
¢ meson 281-282, 292-293, 599,
603-605
photographic emulsions 230
pion 5, 237, 239, 247, 254, 277, 351,
353, 369, 599, 603-604, 724
and G-parity (see G-parity)
as carrier of strong interactions 206,
238, 321, 322
as Goldstone boson 530-532, 536,
(see also PCAC, soft pion)
beta decay 503
decay 179, 184-185, 248, 289, 415,
493-497, 499, 619, 671, 689
discovery 206, 230, 231, 238, 724
from decays 290-293, 689, (see also
kaon decay, eta decay)
in SU(3) octet 256, 270, 272
isospin 206-209
lifetime 240, 241, 252, 495
mass 280, 369
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parity 176-177, 222, 223, 255, 531
produced in atmosphere 671
quark content 220222, 226, 272
pion—nucleon interactions 206, 210,
223-224, 242-244, 543, (see also
o-model)
Planck mass 14, 586, 701
plaquette variables 360-361, 363-375
PMNS matrix 665, 666, 672, 679, 710
Poincaré
group 59-60, 460
extended 60
invariance 63, 73-74, 201, 524, 711,
714
Poisson equation 393, 394
polarization vector e 65—69
polar vector e 154
Pontryagin index 381, (see also winding
number)
positron 3, 5, 6, 198, 329, 375, 481, 527,
589, 651, 688, 724, (see also
electron—positron scattering,
positronium)
annihilation (see pair annihilation)
arrow convention (see arrow
convention)
detection 230-231, 237, 238
positronium 5, 170-175, 184, 222, 257,
293, 594
potential of scalar fields (see scalar
potential)
principal value 506
Proca field, 68-69, 92, 441, 455, 457
projection matrices 416, 749-750
for chirality (listed under chirality)
for energy 614-616, 751-752
for helicity (listed under helicity)
for spin 183—-184, 435, 751
propagator e 91-92, 766767
of Dirac fields 92
of gauge bosons 92, 310, 456, 468
of ghost fields 315
of Proca fields 92
of scalars 91
of unphysical scalars 456, 468
proton
decay (see proton stability)
magnetic moment (listed under
magnetic moment)
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scattering off electrons (see
electron—proton scattering)
stability 227, 238, 291
proton-antiproton collider (see collider,
hadronic)
pseudoscalar 79
bilinear of fermion fields 223, 545, 755
current (see pseudoscalar bilinear)
field 153, 156, 157
mesons 256, 273, 279, 283, 289-290,
501, 539, 615617
particle 180, 495

QCD 14, 297, 318-384, 401, 404, 442,
459, 464, 517, 527, 532, 551, 557,
658, 659, 701, 726

anomaly 551-552

corrections 642, 644

coupling 604, 607, 644, 708
penguin (see penguin diagrams)
scale parameter (see Aqcp)

QED 14, 112-149, 151, 157, 163, 185,
193, 201, 298, 315, 322, 323, 325,
326, 330, 332, 342, 375, 376, 387,
442, 463, 464, 466, 479, 527, 545,
552, 561, 568, 573, 707, 708

analogues for QCD processes 337,
338, 341, 342, 375

analogy for weak interactions 411,
440

anomaly 552

coupling 322, 327-330, 332, 375, 466,
660, 765

higher order effects 138-149, 322

scalar (see scalar QED)

vertex function 145-148, 322

Quantum chromodynamics (see QCD)

Quantum electrodynamics (see QED)

quark-level scattering 337-342, 397-398,
519-522, (see also jet)

quark mass 407-409, 488

constituent 278, 409, 536, 542
current 409

quark mixing 486, 518, 593, 664, (see

also CKM matrix)
vs lepton mixing 680, 687
quarks e 3

rapidity 18, 19

Index

reactor 238, 247, 671, 672
regularization 353
dimensional 328
relativity
and quantum theory 10-12
general theory 16, 712
principle 16, 23
special theory 16, 23, 727
RENO 672
renormalizability 75, 80, 182, 335, 375,
376, 438, 440, 442-443, 458-459,
462, 463, 525, 526, 551, 555,
697-699, 701, 725
renormalizable gauge 608, 685, 688
renormalization 324
reparametrization theorem 451-453, 457
representation of group/algebra e 45
differential 47
matrix 45
resonance 242-245, 567, 589, 590, 596,
605, 607
resonant oscillation 676
rest energy 10, 13, 23, 132
RHIC 251
p mesons 222, 240, 272, 292, 293, 500,
599
p parameter 576, 579, 583, 588, 611
rotation group 41, 45, 48, 50-52, 55,
143, 204, 258, 263, 303, 600, 708,
709, 731, 732
Re-gauge 343, 458, 467, 468, 490, 569,
572

scalar potential 449, 450, 454, 457, 462,
463, 562, 573-575, 587, 700, 708
scalar QED 114, 135, 158, 185, 466, 564

scaling 394-396, 399, 404, 405

scattering amplitude 439

scattering angle 32, 34, 103, 105,
107-109, 122-124, 126, 129, 133,
428, 429, 479

scattering cross-section (see
cross-section)

Schrodinger equation 62, 69, 383, 504,
735, 743

Schur’s lemma 78, 309

scintillation counter 230, 235

sea quarks 400, (see ocean quarks)

second-class current 500



Index

seesaw mechanism 697-699

self-energy 323, 325, 327, 329, 331,
349-351, 576-582, 642, 643, 701,
(see also 2-point function)

semileptonic decays of mesons 289,
503-504, 626, 628-629

3. baryons 240-241, 273, 274, 279-280,
283-285, 288-289, 291292,
600-601, 606

sigma model 530-532; 537

3" baryons 274, 275

similarity transformation 336, 484, 675

simple group 704-705

SLAC 251, 252

Smushkevich’s method for finding
isospin relations 210-211, 223

SO(10) 709, 711

SO(18) 711

soft pion theorem 539

solar neutrinos 238, 250, 669-670, 672,
673, 677, 694

space inversion (see parity)

spacetime e 11

spectator 321

spherical harmonics 168, 212

spin e 2

spin-flavor wavefunction and symmetry
286, 287, 294-296, 599

spin sum 749, 753, 754

splitting functions 407

SpS (Super proton synchotron) 250,
252, 726

statistical mechanics 354

storage ring 235, 250

strangeness (also strange hadrons)
238241, 254, 256, 274, 289,
291-293, 486502, 504, 509, 510,
527, 604-607, 628, 647, 666

-changing processes 502, 725

strange quark 3, 4, 241, 254, 255, 272,
274, 319, 400-401, 409, 503, 504,
519, 544, 593, 601, 606, 608

mass 528, 541, 542, 602

structure constants e 44, 302

structure functions 391-394, 396,
398-399

superconductor 372-373, 535

supergravity 712

supernova, 238

787

superstrings 714

supersymmetry 711-712, 714

survival probability 666—667, 671, 672,
675, 676

Sutherland—Veltman theorem 553-554

symmetry factor e 94, 103—104

synchrotron 233, 234, 250

synchrotron radiation 234

T-matrix 625, 627
tagging 649, 655, 657
tau lepton 3, 4, 177, 181, 200, 332-335,
470, 670, 686, 702, 726
decay 333, 353, 434, 474, 497, 500,
503, 688
discovery 3, 248
from decay of heavier particles
589-591
tau-neutrino (vr) 3, 4, 248, 249, 353,
670, 677, 726
tau number 524
7-6 puzzle 180
tensor densities 730
Tevatron 250, 251, 611, 726
Thomson cross-section 129, 246, 253
't Hooft—Feynman gauge 92, 120, 124,
310, 343, 458, 468, 474, 476, 511,
512, 569
threshold energy 34, 234, 332, 335, 405,
429, 595
time dilation 26, 96, 241-243, 252
time-ordered product 537-538
time reversal 5760, 150, 151, 157, 159,
178, 184, 188-194, 198-199, 375,
527, 630, 652, 658, 748
naive 199
violation 199-200, 379, 527, 651, 655,
658
topologically non-trivial states 352
topological properties of gauge fields
379-382
topology of Feynman diagrams 111, 321
top quark 3, 4, 241, 250, 352, 492, 583,
586, 590, 593, 610-612
coupling to Higgs boson 587, 588, 590
in loops 514, 590, 608, 644, 654
tree diagrams e 101
tritium 6, 216, 614
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ultraviolet divergence 323, 442, 763
uncertainty relation 8, 11, 330
time-energy 11, 243, 245, 603

unitarity triangle 653-655

unphysical Higgs bosons 458, 467, 468,
472, 473, 489-492, 512-513, 520,
558, 564, 571, 572, 608, 685, 688,
769-771

upsilon (Y) 252, 607-608, 648, 656, (see
also bottomonium)

U-spin 275-279, 283-284, 291, 601

vacuum saturation method 515, 517

valence electrons 399

valence quarks 399, 401-402, 408—409,
589, 601, 607

van de Graaf generator 232, 252

vector-like theory 331, 527, 529, 532

vector space 4446, 49, 51, 307

velocity addition law 18, 19

vertex function 140-141, 181, 182, 200,
323, 325, 386, 686, (see also QED
vertex)

virtual particles e 90, 111, 329

V-spin 277, 291, 601

Ward—-Takahashi identity 325
W boson e 7, 158, 440-442
coupling (see charged current
interactions)
decay 565-567
mass 462-464
weak hypercharge 462-465, 467, 470,
471, 482, 485, 525, 556, 664, 695,
699, 705

Index

weak isospin 462, 465, 563, 567, 579,
583, 732

Weinberg angle 466, 574-576

Weyl fermions 419-420, (see also chiral
fermion)

Wick rotation 148, 513, 548, 759-760

Wilson co-efficients 644

Wilson loop 373

Wilson parameter 367

winding number 381-384, 658

Wolfenstein parametrization (see CKM
matrix)

= baryons (including =, E etc.)
240-241, 273, 274, 279, 280, 283,
285, 288, 292, 600-602, 606, 607,
(see also cascade particles)

=" baryons 241, 274, 275, 292

Yang—Mills theories e 303

Yang’s theorem 138, 141

Young tableaux 263267, 295, 597, 600,
706

Yukawa coupling/interaction 471, 473,
482, 483, 489, 492, 523, 575,
586-587, 620-621, 659, 660,
663-665, 680, 695, 697

Yukawa theory 205-206, 223, 224, 230,
238, 471, 530, 555, 724

Z boson e 7, 158, 464
coupling (see neutral current
interactions)
decay 565-568, 610
mass 465



