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anticommutator, 213
antiproton
discovery of, 489
asymmetry
forward—backward, 361,
422, 856
left-right, 857
asymptotic freedom, 549, 578
atoms
exotic, 470
hydrogenic, 470
muonic, 470
pionic, 470
structure of, 29
Avogadro, Amedeo Carlo, 33
axial vector, 9

B meson, 645
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Boltzmann, Ludwig Eduard,
20
Born
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free fields, 197
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hadrons, 645
decay modes, 647
fragmentation, 647
quark, 645
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spectroscopy, 645
bound states, 449
box diagram, 390, 927
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branching ratio, 25
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Breit frame, 542
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Doppler broadening, 112
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matrix, 751
Callan, Curtis Gove, 547
Callan—Gross relation, 547
calorimeters, 82
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energy and momentum,
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cascade
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Casimir
effect, 205
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CCD, 92
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of Wilson, 79
tracking, 86
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charged particles
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hadrons
fragmentation, 642
lifetime, 642
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Cherenkov
detectors, 88
imaging detector, 100
radiation, 55
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Alekseyevich, 55
chiral
interactions, 257
projection operator, 241
representation, 214, 240
structure of QED, 332
chirality and helicity
relation, 249
circular polarization, 310
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Wolfenstein
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classical electron radius, 40,
384
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Clebsch—Gordan coefficients,
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CLIC, 71
Clifford
algebra, 216
Clifford, William Kingdon, 216
Cline, David Bruce, 842
closed loop, 329
cloud chamber, 79
CMOS pixel detectors, 92
Cockcroft, John Douglas, 61
Cockeroft—Walton generator,
61
CODATA, 12
coefficient
of Townsend, 78
collider, 65
B factories, 647
CERN SppS, 842
DORIS, 66
experiments at, 92
factory, 76
FCC, 71

future, 71
hadron, 71
ILC, 71
KEKB, 647
LEP, 68
lepton—hadron, 73
leptons, 66
LHC, 61, 65, 71
luminosity, 75
muon, 71
PEP, 66
PEP-II, 647
PETRA, 66
RHIC, 71
SLC, 68, 70
TRISTAN, 66
collisions
W /Z production, 817
WW and ZZ production,
830
WW production, 823
eTe™, 350, 352
Bhabha scattering, 352
Drell-Yan, 626
hard hadron—hadron, 612
head-on, 34
heavy lepton pair
creation, 350
inertial frame of reference,
155
proton—(anti)proton, 615
relativistic, 166
color, 553
colorless state, 539
confinement, 533, 539, 579
evidence of, 539
factor, 556, 564
commutation rules, 108
equal time, 202
Compact Linear Collider, 71
completeness relation
for Dirac spinors, 225
for photon, 326
for photons, 315
complex Klein—Gordon field
quantization, 206
complex scalar field, 188
composite particles, 1
compositeness, 424, 982
Compton scattering, 41, 380

edge, 386
Klein—Nishina formula,
384
wavelength, 43
Compton, Arthur Holly, 41,
303
concordance model, 985
conservation
baryon number, 489
charge, 190
current, 190
laws, 5
lepton number, 675
rules in hadron decays,
496
conserved vector current
(CVCQ), 677, 756, 879
constants
fundamental, 13
continuity equation, 110, 191
continuous transformations, 5
contraction
of the Dirac field, 294
contravariant vector, 145
cosmic microwave background,
985
cosmic rays, 468
positron, 229
power law, 468
Coulomb gauge, 308
counters
Cherenkov, 88
Geiger, 78
coupling constant, 263
running, 403, 578
strong, 466
weak, 718
covariance, 189
Dirac equation, 238
covariant
bilinear, 257
continuity equation, 191
derivative
Higgs field, 793
derivative D,,, 318, 561,
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equation, 189
form of Dirac equation,
216
vector, 145
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creation and annihilation
operators, 203
cross-section, 30
W=, Z° bosons discovery,
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automatic computation,
364
Bhabha scattering, 364
charged current etp
scattering, 610
differential, 31
Drell-Yan, 629
heavy lepton pair
creation, 364
inverse beta decay, 667
inverse muon decay, 738,
841
Mpoller scattering, 364
neutral current etp
scattering, 609
neutrino quasi-elastic
scattering, 879
neutrino—nucleon, 873
neutrino—nucleon deep
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current, 895
neutrino—nucleon deep
inelastic scattering,
888
neutrino—nucleon
scattering, 881
Rutherford, 35
tau neutrino—nucleon, 690
thin target, 33
total, 32
trace technique, 343
unpolarized, 343
weak quasi-elastic, 677
crossing symmetry, 353
Mpgller and Bhabha
reactions, 355
Curie Sktodowska, Marie, 23
Curie, Pierre, 23
Curie-Joliot, Iréne, 43
current
conservation, 190
cutoff regularization, 395
cyclotron, 63
condition, 63

frequency, 63, 442

Dalitz plot, 176
resonance production, 177
Dalitz, Richard Henry, 176
dark energy, 985
dark matter, 984
Davisson, Clinton Joseph, 104
de Broglie, Louis, 3, 303
decay
W= boson, 809
Z9 boson, 811
beta, 659
beta decay rate, 664
beta half-life, 664
branching ratio, 25
chain, 26
comparative half-life, 665
double-gbeta, 978
into two photons, 161
inverse beta, 665
law of radioactive, 24
lifetime, 172
neutrinoless double-gbeta,
978
partial width, 24
rate, 172
width, 172
70 — vy, 540
Yukawa, 295
deep inelastic scattering, 512,
607
kinematical variables, 513,
517
of neutrinos, 888, 895
parton distribution
function, 544
parton model, 544
polarized, 603
structure functions, 518,
520, 521, 611
deep underground
laboratories, 100
Dehmelt, Hans Georg, 443
Demokritos, 1
detectors
ALEPH, 849
calorimeters, 82
CDF, 906
CDMS, 100

charged-coupled device, 92
Cherenkov, 88
cloud chamber, 79
CMOS pixel, 92
D@, 907
DELPHI, 849
DONUT, 690
emulsion cloud chamber,
690
H1, 607
infinite mass, 82
L3, 426
luminosity monitor, 430
massless, 86
microstrip silicon, 91
OPAL, 849
photographic emulsions,
473, 690
sampling calorimeter, 84
scintillators, 80
semiconductor, 89
SLC, 849
solid-state, 89
Super-Kamiokande, 100
tracking, 86
UA1 and UA2, 844
ZEUS, 607
deuteron, 476
DGLAP
evolution equations, 585
splitting functions, 588
differential cross-section, 31
diffusion cloud chamber, 80
dimensional regularization, 411
dipole form factor, 503
dipole magnet
of the LHC, 72
Dirac § function, 989
Dirac v matrices, 1036
definition, 216
properties, 1036
slash notation, 217
Dirac equation, 215
adjoint, 218
charge conjugation, 247
covariance, 238
covariant form, 216
CPT, 248
current density, 218
derivation of, 212
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free solution, 219
hole theory, 228
hydrogen atom, 450
in an external
electromagnetic field,
219
Lagrangian, 253
matrix form, 217
moving particle, 221
negative energy solution,
231
parity transformation, 243
particle at rest, 220
postulate, 212
relation to Klein—Gordon
equation, 217
slash notation, 217
spin states, 226
time reversal, 245
Dirac field
color, 554
contraction of, 294
magnetic moment, 440
quantization of, 255
Dirac spinor
adjoint, 218
completeness relation, 225
definition of, 215
helicity, 235
normalization,
orthogonality,
completeness, 224
spin projection operator,
251
Dirac, Paul Adrien Maurice, 5,
212, 303
discovery
electron, 28
gluon, 596
neutron, 43
positron, 229
doped semiconductors, 90
Doppler broadening, 112
double beta decays, 978
Drell-Yan
cross-section, 629
definition, 626
in electroweak theory, 859
QCD corrections, 629
scaling properties, 632

drift chamber, 87
drift velocity, 78
dual particle-wave nature, 3,
103, 108
duality, 105
Dyson
resummation, 287
time-evolution operator,
113
time-ordering operator,
114, 991
Dyson, Freeman John, 113

ECTR, 202
effective Lagrangian method,
976

eightfold way, 524
Einstein summation notation,
987
Einstein, Albert, 1
elastic scattering
electron—proton, 498
form factors, 501
kinematics, 499
of neutrinos, 879
electric dipole moment, 439
electric term, 336
electromagnetic cascade, 82
electromagnetic field tensor
305
electromagnetic form factor,
438
electromagnetic potentials
significance of, 129
electron, 28
capture, 665
classical radius, 40, 384
compositeness, 424
diffraction, 103
discovery of, 28
excited, 425, 433
interactions with matter,
54
intrinsic parity, 119
magnetic moment, 442
mobility, 78
polarization, 127
positive, 229
QED scattering, 349
self-energy, 406

spin, 123
electron—parton scattering, 542
electron—positron annihilation

Ry, 420

Bhabha scattering, 352,
364, 419

differential cross-section,
364

electroweak contribution,
812

forward-backward
asymmetry, 421
gluon, 596
heavy lepton pair
creation, 350
heavy lepton pair
production, 812
helicity conservation, 367
into hadrons, 592
into two photons, 372, 430
three-jet events, 596
electron—proton scattering,
498, 515
electric and magnetic
form factors, 509
form factor, 501
neutral current, 609
polarized, 783
Rosenbluth formula, 503
weak charged current, 610
electronvolt, 4
electroweak theory, 4, 778
SU(2)r, x U(1)y local
gauge, 785
W/Z production, 817
WW production, 862
W# boson decay, 809
ZY boson decay, 811
c{/ and CQ, 800
Brout—Englert-Higgs
mechanism, 793
Drell-Yan, 859
effective weak mixing
angle, 835
fermion couplings to
gauge bosons, 798
fermion masses, 792, 795
Feynman diagrams, 798
forward-backward
asymmetry, 814, 856
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free parameters, 834
gauge bosons, 785, 792
self-coupling, 796
heavy lepton pair
production, 812
heavy quark
measurements, 857
Higgs boson, 911
discovery, 915
mass fit, 914
Higgs field, 793
higher-order corrections,
902
hypercharge Y, 786
Lagrangian, 792
left and right-handed
couplings, 800
left-right asymmetry, 857
number of neutrinos, 860
precision global fit, 921
precision tests, 854
QED radiative
corrections, 816
spontaneous symmetry
breaking, 793
tau polarization, 857
top mass fit, 903
trilinear and quadrilinear
gauge boson
coupling, 801
vector and axial vector
couplings, 800
Weinberg angle, 787
Yukawa coupling, 795
elementary
particles, 1
unit charge, 1
Ellis, Jonathan Richard, 597
energy
canonical, 190
missing transverse, 94
zero-point, 205
energy—momentum
four-vector, 149
tensor, 190
Englert, Francgois, 793
equal time commutation rules
(ECTR), 202
equation
continuity, 110, 191

Dirac, 215

Klein—Gordon, 197

of relativistic motion, 185

Pauli, 125

Schrédinger, 109
Euler, Leonhard, 185
Euler-Lagrange

equations, 184, 185

relativistic equation, 188
exchanged virtual boson

of electromagnetism, 322

of strong force, 466

of weak force, 714
excited

electron, 425

leptons, 433
exotic atoms, 449, 470
experiments

ALEPH, 66

ALICE, 66

at the LHC, 96

ATLAS, 66, 93, 96, 97

BaBar, 647

BEBC, 886

Belle, 647

BNL-Columbia, 679

CCFR, 886

CDF, 906

CDHS, 886

CHARM, 886

CMS, 66, 96, 97

CPLEAR, 932

D@, 907

DELPHI, 66

DONUT, 688

H1, 73, 607

L3, 66, 426

Lamb—Retherford, 457

LHCb, 66, 77

long-baseline neutrino

oscillations, 946
neutrinoless double-beta,
978

NuTeV, 898

OPAL, 66

SLAC-MIT, 512

spin precession, 442

spin resonance, 442

T2K, 946

UA1 and UA2, 844

Wu’s parity violation, 696

ZEUS, 73, 607
exponential integrals, 1041
external legs contraction

QED, 320

Yukawa theory, 296

FCC, 71
femtobarn, 13
Fermi
weak coupling constant,
660
allowed transitions, 693
coupling constant G, 660
precise determination,
729
four-point weak
interaction, 659, 676
Golden Rule, 134
integral f, 664
Fermi, Enrico, 134, 303
fermions
free fields, 212
fundamental, 2
mass, 792
Feynman
diagram, 282
automatic computation,
364
interference, 338
of QED, 330
integrals, 408, 1043
parametrization method,
407
Feynman propagator, 270
gluon, 559
of a complex scalar field,
273
of a Dirac field, 292
of a real scalar field, 268
of massive spin-1 vector
fields, 316
of photon field, 311, 313
photon, 323
Feynman rules
¢* theory, 290
electroweak theory, 798
Higgs boson, 912
massive propagator, 316

QCD, 560

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781316519349
www.cambridge.org

Cambridge University Press & Assessment

978-1-316-51934-9 — Phenomenology of Particle Physics

André Rubbia
Index
More Information

1079 INDEX

QED, 330
Yukawa theory, 298
Feynman, Richard Phillips,
231
Feynman-z, 627
Feynman—Stiickelberg
interpretation, 231
field, 185
as operator, 201
boson, 197
Dirac, 212
ground state, 203
Klein—Gordon, 197
plane waves expansion,
202
proper Lorentz
transformation, 194
scalar, 186
tensor, 186
vector, 186
zero-point energy, 205
field theory
Lagrangian density, 187
fields
interacting, 260
Fierz
identity, 1039
transformation, 720
Fierz, Markus, 2
fine-structure constant «, 15,
1015
finite size effects, 458
first quantization, 107
first Townsend coefficient, 78
flavor-changing neutral
current, 748
flux factor, 35, 168
Lorentz invariant, 168
Fock, Vladimir
Aleksandrovich, 203
form factor, 501
dipole, 503
electric and magnetic, 509
electromagnetic, 438
Pauli and Dirac, 504
point-like, 502
Sachs, 509
forward-backward asymmetry,
361, 422
electroweak, 814

four gluon vertex, 560
four-dimensional integrals,
1043
four-gradient, 186
four-point interaction, 274
four-vector, 146
contravariant, 145
covariant, 145
energy-momentum, 149
gradient, 186, 1034
Fourier transform, 988
fragmentation
function D(z), 581
heavy quarks, 581
light quarks, 581
Peterson model, 581
frame of reference
center-of-mass system, 155
fixed target system, 155
laboratory system, 155
transition, 158
fundamental
constants, 13
CODATA, 12
fermions, 2
interactions, 3
Furry, Wendel Hinkle, 978
Future Circular Collider

(FCC), 71

Gamma function, 1040
gamma-rays, 23
Gamow—Teller transitions, 693
gauge
SU(3) local field theory,
765
U(1) local field theory,
760
covariant derivative, 761,
763
freedom, 307
global symmetry, 10
invariance, 10
invariance principle, 759
local symmetry, 10
non-Abelian field theories,
762
transformation, 307
unitary, 774
unitary global
transformation, 759

vector field, 761, 763
Yang—Mills field theories,
762
gauge fixing
Coulomb, 308
Faddeev—Popov terms,
561
Feynman, 314
Lorenz, 307
Gauss, Johann Carl Friedrich,
111
GEANT, 58
Geiger, Johannes Hans
Wilhelm, 29
Geiger—Miiller counter, 79
Gell-Mann
matrices Ay, 528
Gell-Mann, Murray, 488
Gell-Mann /Nishijima formula,
482, 488
GENBOD, 180
general relativity, 983
generalized Stokes theorem,
188
generation of phase space, 177
generators
of a transformation, 116
of the Lorentz group, 194
Georgi, Howard Mason, 969
Gerlach, Walther, 123
Germer, Lester Halbert, 104
Glashow, Sheldon Lee, 749,
969
Glashow—Illiopoulos—Maiani
mechanism, 748
gluon, 544, 553
color singlet, 555
discovery of, 596
Feynman propagator, 559
self-coupling, 559
gluon—gluon scattering, 574
gluonic
field, 557
kinetic term, 559
Goeppert Mayer, Maria, 978
Golden Rule
of Fermi, 134
Goldhaber, Maurice, 702
Goldstone boson, 774
Gordon identity, 335
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Gordon, Walter, 197
Gottfried sum rule, 548
gradient, 992
grand unified theories, 4, 964
gravity, 983
Greinacher voltage multiplier,
61

Greinacher, Heinrich, 61
Gross, David Jonathan, 547
ground state, 283
group

Lie, 116

Lorentz, 144, 147

Poincaré, 144

theory basic notions, 995
GUT

SU(5), 969

proton decay, 971

scale, 967

SUSY, 972

Weinberg angle, 968

Hadron-Electron Ring
Accelerator (HERA),
73
hadron-hadron collisions, 491,
612
resonances, 491
hadronic cascade, 84
hadronic resonances, 491
hadronization, 580
hadrons
bottom, 645
charmed, 640
decay of, 496
jungle of, 491
Hamiltonian, 110
handedness, 2
Hanford nuclear reactor, 672
head-on collisions, 34
Heaviside step function, 988
heavy lepton pair creation, 350
heavy quarks
identification, 95
Heisenberg, Werner Karl, 107,
113, 303
Heitler, Walter Heinrich, 54
helicity
amplitudes, 341
conservation, 367

eigenstates, 236
left-handed, 236
right-handed, 236
HERA, 73
Higgs boson, 911
decay in two photons, 917
decay modes, 914
discovery, 915
fit of mass, 914
four-lepton final states,
918
properties, 919
Higgs field, 793
Higgs, Peter, 793
high-energy cosmic rays, 468
Hilbert space, 1016
Hilbert, David, 203
hydrogen atom, 450
finite size effects, 458
hyperfine splitting, 458
hydrogenic atoms, 449, 470
hypercharge Y, 526, 786
hyperfine splitting, 458
hyperons
definition of, 487
properties of, 487

ILC, 71
Iliopoulos, John, 749
impact parameter, 31
improper Lorentz
transformation, 148
Dirac equation, 243, 245
inertial frame of reference, 155
infinite momentum frame, 542
integrated luminosity, 76
interacting fields, 260
interaction
chiral, 257
Fermi four-point weak,
659, 676
fundamental, 3
probability, 33
strong, 465
weak, 674
weak neutral currents, 676
with matter, 45
interactions with matter, 45,
56
charged particles, 49

electrons, 54
photons, 46
interference
v — Z% in ete™ collisions,
856
inete = W+HtW—, 823
intermediate gauge bosons, 3
International Linear Collider
(ILC), 71
interval
light-like, 147
space-like, 147
time-like, 147
intrinsic parity, 119
Dirac particle, 245
electron, 119
fermion—antifermion, 119
neutron, 119
photon, 119
pion, 477
positron, 119
proton, 119
quarks, 119
spherical harmonics, 118
invariance, 189
under rotation, 117
under translation, 118,
189
invariant, 145
scalar field, 186
space-time interval, 147
inverse
beta decay, 665
muon decay, 738, 840
ionization chamber, 78, 86
Ising, Gustaf, 62
isochronous cyclotron, 64
isospin
definition of, 478
quantum number, 480
raising and lowering
operators, 481
symmetry, 480, 481
weak, 778
isotopic spin, 478

Jacobi determinant, 520, 992
Jacobi, Carl, 992
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jets
at the LHC, 622
cone algorithm, 615
discovery of gluon, 596
event variables, 596
first observation of, 594
major axis, 596
minor axis, 596
parton shower simulation,
598
reconstruction, 95
sphericity S, 595
thrust, 596
Joliot-Curie, Jean Frédéric, 43
Jordan, Ernst Pascual, 107,
303
jungle of hadronic resonances,
491
Jonsson, Class, 105

K-factor
Drell-Yan, 629
in W production, 819
Kaluza, Theodor, 984
kaon
charged, 486
neutral, 487
neutral system mixing,
927
properties of, 486
weak decay, 741
kinematical analysis, 44
Kinoshita, Tichir, 736
Kirchhoff, Gustav Robert, 17
Klein, Oskar Benjamin, 197
Klein—Gordon equation, 197
covariant form, 197
current density, 198, 200
definition, 197
Lagrangian, 199
negative energies, 206
negative energy problem,
200
physical interpretation,
200
Klein—Gordon field
energy-momentum, 204
physical interpretation,
206, 209
quantization of complex,
206

quantization of real, 201

statistics of, 206
Klein—Nishina formula, 384
Kobayashi, Makoto, 645
Kronecker tensor, 145, 1035
Kronecker, Leopold, 988
Kurie function, 662
Kallén function, 170

Liiders, Gerhart, 11
ladder operators
of SU(2), 525
of SU(3), 527
Lagrange formalism, 184
Lagrange, Joseph-Louis, 184
Lagrangian
covariance and invariance,
189
density, 187
formalism, 184
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Standard Model effective
theory, 976
Lamb shift, 456
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Landé factor, 126
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Laplacian, 992
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Large Hadron Electron
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Larmor precession, 442
law of radioactive decay, 24
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least action
principle of, 185
Lederman, Leon, 631
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left-handed helicity, 236
Legendre polynomial, 1023
leptogenesis, 924, 981
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definition of, 467
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Lie group, 116
Lorentz, 147
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lifetime, 172
light-like interval, 147
linear momentum, 118
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140
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boost, 147, 1031
group, 144, 147
algebra, 194
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group representation, 194
invariant phase space, 165
proper transformation,
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rapidity, 1032
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violation, 11
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integrated, 76
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magnetic moment
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(mip), 51
minimum opening angle, 162
Minkoswki, Hermann, 144
Minkowski space, 144, 1027
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of electrons, 78
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multiple scattering, 53
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momentum
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event generation, 1051
generation phase space,
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techniques, 1048
Mott scattering
formula, 346
spin-flip paradox, 347
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multiple scattering, 53
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decay rate, 722
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electron-antineutrino
spectrum, 727
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magnetic moment, 446
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corrections to
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Michel electron, 726, 730
Michel parameters, 735
polarized deep inelastic
scattering, 603
properties of, 473
QED scattering, 349
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muon neutrino
discovery, 679
helicity, 708
muonic
atom, 470
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flux factor, 168
scattering, 351
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naive quark—parton model, 544
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radioactivity, 22
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width, 112
negative energy problem
Klein—Gordon field, 200
negative energy solution, 231
neutrinoless double-beta decay,
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neutrinos, 655
absolute mass scale, 957
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current scattering,
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deep inelastic scattering,
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Dyson time ordering, 114,
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Dyson time-evolution,
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gradient, 992
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raising and lowering, 124
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phase space
GENBOD, 180
generation, 177
Lorentz invariant, 165
Monte-Carlo generation,
180
one particle, 163
PHASESPACE, 180
RAMBO, 180
three-body decay, 174
two-body decay, 173
phosphorescence, 22
photographic emulsions, 473
photomultiplier tube, 80
photon
attenuation length, 48
circular polarization, 310
completeness relation,
315, 326
Feynman propagator in
any gauge, 313
Feynman propagator in
Coulomb gauge, 311
Feynman propagator in
Feynman gauge, 315
gauge, 309
interactions with matter,
46
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pair production, 372, 430
plane-wave solution, 309
polarization, 327
polarization states, 308
propagator, 323
real and virtual, 324
self-energy, 393, 412
transverse polarization,
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discovery of, 472
intrinsic parity, 477
isospin multiplet, 481, 526
neutral, 475, 478
parity, 476
properties of, 475, 476
spin, 476
weak decay, 704, 741
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atoms, 470
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Planck
black-body spectrum, 21
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mass, 4
reduced constant, 13
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stars, 984
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plane waves expansion, 202
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Pockels, Friedrich, 784
Poincaré group, 144, 1011
Poisson
distribution, 1046
formula, 1047
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polarization
electron, 127
four-vector e*, 308
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photon, 308
transverse and
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Pontecorvo, Bruno, 2, 752
Pontecorvo-Maki—-Nakagawa—
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752
positive electron, 229
positron
discovery of, 229
interactions with matter,
54
intrinsic parity, 119
theory of, 231
positronium, 449, 459
lifetime, 460
lifetime puzzle, 462
para and ortho states, 459
potential
of Yukawa, 466
precession experiments, 442
principle
of least action, 185

of minimal substitution,
121, 440
Proca, Alexandru, 306
Proca—Lagrange function, 306
project Poltergeist, 671
projection operators
chiral, 241
energy states, 225
helicity, 235
spin states, 226
propagator
causality, 277
Feynman gluon
propagator, 559
massive spin-1 vector
field, 316
photon, 311, 313, 323
proper Lorentz transformation,

148, 239
of a field, 194
proton, 30

charge radius, 511
decay, 489, 971
finite size, 508
internal structure, 498
intrinsic parity, 119
properties of, 479
spin, 606
spin crisis, 606
structure functions, 515,
547
pseudo-rapidity n, 615
pseudoscalar, 9
pseudoscalar meson multiplet,
529
pseudovector, 9

QCD, 553

Q? evolution of parton
distribution
functions, 583

SU(3) local gauge field
theory, 765

Qs running, 578

ete™ annihilation into
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color confinement, 579

color factor C'g, 556

covariant derivative D,
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Feynman rule, 561

four gluon vertex, 560

gauge invariance, 570
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global fits of parton
distribution
functions, 611

gluon

self-coupling, 559

gluon Feynman
propagator, 559

gluon—gluon scattering,
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gluonic field, 557

gluonic kinetic term, 559

hadronization, 580

hard collisions, 612

jets, 594

jets at the LHC, 622

Lagrangian, 560

parton shower simulation,
598

perturbative regime, 561

proton—(anti)proton
collisions, 615

quark and gluons, 553

quark-antiquark pair
annihilation, 568

quark—gluon vertex, 557

quark—quark scattering,
566

strong CP problem, 956

three-gluon vertex, 560

Ward identity, 570

QED, 302

Ry, 420

S-matrix, 319

U(1) local gauge field
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amplitudes, 319

angular dependence, 361

at lepton colliders, 414

bound states, 449

chiral structure, 332

closed loops, 329
Compton scattering, 380
computations in, 338
covariant derivative, 318
Drell-Yan process, 626
electric charge
renormalization, 401
electron—parton
scattering, 542
Feynman diagrams, 330
form factor, 438
forward—backward
asymmetry, 361, 421
gauge, 318
helicity amplitudes, 341
helicity conservation, 367
Lagrangian, 317
Lamb shift, 456
Mott scattering, 339
pair annihilation into two
photons, 372, 430
parity conservation, 333
photon pair production,
372, 430
positronium, 459
radiative corrections, 390
regularization, 395
renormalization, 400
scalar fields, 334
scattering angle, 362
search for deviations, 417,
424
self-energy, 329
self-energy of electron, 406
self-energy of photon, 393,
412
soft photons, 392
test at high energy, 414
test at low energy, 438
total cross-section, 420
UV divergence, 394
vertex correction, 408
vertex factor, 321

quantization

first, 107

of the complex
Klein—Gordon field,
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of the real Klein—-Gordon
field, 201

second, 201
strong force, 465
quantum electrodynamics, 302
quantum field theory, 201
quantum mechanics
addition angular
momentum, 1024
angular momentum, 1022
Bohr atomic model, 1015
Bohr radius, 1016
bra-ket notation, 1016
Clebsch—Gordan
coefficients, 1024
commuting operators,
1018
Hamiltonian, 1019
Hermitian operator, 1017
Hilbert space, 1016
hydrogen atom, 1024
linear harmonic oscillator,
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Rydberg constant, 1016
Schrodinger and
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1020
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stationary states, 1020
unitary operator, 1017
quantum number
baryon, 482, 489
isospin, 480
strangeness, 488
quark, 2, 553
bottom, 645
charm, 633
flux diagram, 541
pentaquark state, 533
top, 900
valence, 544
quark model, 530
baryonic states, 536
light meson states, 534
quark—antiquark pair
annihilation, 568
quark—gluon vertex, 557
quark—parton model, 544

radiation length, 48
raising and lowering operators
for isospin, 481
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energy-momentum, 204
real Klein—Gordon field
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refractive index
of water, 88
regularization, 395
dimensional, 411
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Reines, Frederick, 671
relation between chirality and
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relativistic
collisions, 166
decay rate, 172
heavy ion collider, 71
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scalar field, 186
complex, 188
invariant, 186
QED of, 334
scaling
of Bjorken, 520
variables, 519
scattering
¢* theory, 288
e*-proton, 607
amplitude, 262
angle, 31
angle in QED, 362
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Compton, 41
Compton formula, 384
deep inelastic
electron—proton, 512
Dirac point-like, 500
electron—parton, 542
electron—proton, 498, 515
experiment, 29, 35
form factor, 501
hard sphere, 32
inelastic cross-section, 515

Mott, 339, 501
multiple, 53
Mgller, 351
neutrino deep inelastic
neutral current, 895
neutrino experiments, 886
neutrino off electrons, 801,
836
neutrino quasi-elastic, 879
neutrino—nucleon, 881
neutrinos deep inelastic,
888
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polarized deep inelastic
muon scattering, 603
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quark—quark, 566
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unpolarized cross-section,
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relativistic, 197
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Schwinger, Julian Seymour,
140, 411, 445
scintillators, 80
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second quantization, 201, 255
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translation, 189
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special relativity, 144
spectator approximation, 643
spectroscopy
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speed of light, 13
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spin, 123, 124
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spin-1/2 baryon octet, 529
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spin-dependent structure
functions, 605
spin-flip paradox, 347
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four- and
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of a continuous symmetry,
770
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conservation of, 488
discovery of, 484
strong
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strong force, 465
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spin dependent, 605
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CP violation, 926
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discovery, 683
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energy-momentum, 190
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tensor field, 186
relativistic, 185
theorem of Noether, 5, 189
theory
¢, 285
theory of everything, 5
thin target approximation, 33
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time-ordering operator
of Dyson, 114
Ting, Samuel C.C., 633
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transition amplitude, 261, 262
non-relativistic, 137
transition probability, 133
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two-body decay phase space,
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covariant, 145, 995
meson dominance VMD,
650
meson multiplet, 530
vector field, 186
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Walton, Ernest Thomas
Sinton, 61
Ward identities, 324

Ward, John Clive, 718
water Cherenkov detectors, 88
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