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basis, 356
flavor problem, 368
flavor-changing neutral current, 363
form factor, 178
Fourier transform, 180, 192, 450
four-vector, 19
four-vector potential, electromagnetic, 39, 41, 42
fractal, 252
Future Circular Collider (FCC), 445

Gaillard, Mary, 190
Historical Profile, 188
Galilei, Galileo, 127, 367
gamma function, 183
~ matrices, 34
Weyl/chiral representation, 34, 145
Gatto, Raoul, 258
gauge transformation, 39, 43, 217
not a symmetry, 442
Gauss’s law, 38, 182
Gaussian distribution, 133
Gell-Mann, Murray, 70
Gell-Mann matrices, 216
general covariance, 225
general relativity, 225, 283
Gianotti, Fabiola, 416
Historical Profile, 127
GIM mechanism, 363
Glashow, Sheldon, 324, 363
gluon, 4, 189, 225
masslessness, 225
self-interaction, 226229
spin, 197, 200
Goldstone boson, 317
Goldstone’s theorem, 316, 317
Goodman-Witten plot, 47
grand unification, 188
Grassmann numbers, 434
graviton, 4
gravity, 2
Green'’s function, 43, 192
Greisen, Kenneth, 23
Gribov, Vladimir, 259

Gross, David, 234

group, 53
Abelian, 54
adjoint representation, 243
fundamental representation, 66
irreducible representation, 67
non-Abelian, 54

Guralnik, Gerry, 311

GZK cutoff, 23

h, 8,9
H1 experiment, 259, 346
hadron, 5, 70, 157, 237

=0,13
K, 13
0, 13,189

Hadron—Electron Ring Accelerator (HERA), 259, 346

Hagen, Carl, 311

harmonic oscillator potential, 311
Hasse, Helmut, 16

Heaviside ©-function, 199, 450
Heisenberg, Werner, 64

Heisenberg equation of motion, 460

Heisenberg picture, 459

Heisenberg uncertainty principle, 10

helicity, 74, 96, 147
Hellman, Frances, 337

HERA, see Hadron—Electron Ring Accelerator
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mass, 394, 395
production at LEP, 401
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self-coupling, 422, 437
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interaction picture, 459
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see also collision point
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Lego plot, 141
LEP, see Large Electron—Positron Collider
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flavor matrix, 356, 357
left-handed electroweak doublet, 352, 353
mass matrix, 354, 355
right-handed electroweak singlet, 353
universality, 334
Levi—Civita tensor, see anti-symmetric symbol
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linear polarization, 398
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Lorentz force, 114
Lorentz-invariant phase space, 90
one-body, 399
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Lorentz transformation, 19
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Liiders—Pauli theorem, see CPT theorem
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Mellin transformation, 274
Mercedes-Benz configuration, 201
MET, see missing transverse energy
metric, 19, 20
Mexican hat potential, 314
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Mills, Robert, 224
missing transverse energy (MET), 125
Moller scattering, 172
momentum, 68
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see supersymmetric Yang—Mills
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narrow width approximation, 339, 395
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neutral current, 321

see also Z boson
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Majorana mass, 434

sterile, 433
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neutrino oscillation, 373
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wave-packet overlap, 376, 377
neutron, 5, 63, 279
Gy, Newton’s constant, 2, 11
Newton’s second law, 27, 30
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Noether’s theorem, 16, 52, 188, 218,
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A7, nuclear interaction length, 123
nucleon, 10, 64

off-shell particle, 43, 96
on-shell particle, 23
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order parameter, 319
orthogonal group, 18, 55

parallel transport, 221
Parisi, Giorgio, 259
parity, 55, 150, 281-285
Parke, Stephen, 442
particle, 68
Particle Data Group (PDG), 5,
13,77
parton distribution function,
178, 185
energy dependence, 256, 257, 259
parton model, 176
Pauli, Wolfgang, 34, 280, 290
o, Pauli spin matrices, 34, 145, 295
PDG, see Particle Data Group
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penguin diagram
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photon, 4, 41, 42, 72, 95
pion, 10, 13,22, 70
Planck, Max, 11
Planck units, 11
plate trick, 61
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PMNS matrix, see Pontecorvo-Maki—Nakagawa—
Sakata matrix
Poisson distribution, 132
polarization vector, 41, 190, 453
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right-handed, 41
Politzer, David, 234
Polyakov, Alexander, 311
Pontecorvo—Maki—Nakagawa—Sakata (PMNS) matrix,
383
positron, 3, 36
Poynting vector, 42
propagator, 95
massive boson, 334
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quark, 192
proper rotation, 55
proton, 4, 5, 9, 14, 63
charge radius, 80
mass, 8
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pseudoscalar, 282
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p-value, 134, 421
Pythagorean theorem, 221
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QCD, see quantum chromodynamics
quantum chromodynamics (QCD), 4, 161,
188, 189, 213
Lagrangian, 224
scale invariance, 250
quantum electrodynamics (QED), 100
quantum field theory, 1
quantum numbers, 70
quantum Zeno effect, 382
quark, 5, 71, 157
bottom, 161
charm, 159, 161, 363, 364
down, 5, 158, 159
down-type right-handed electroweak singlet, 358
flavor matrix, see Cabibbo—Kobayashi-Maskawa
(CKM) matrix
left-handed electroweak doublet, 358
mass matrix, 360
strange, 159, 189
top, 14, 48, 139
decay, 338-343
mass, 9
up, 5, 158, 159
up-type right-handed electroweak singlet, 359
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Historical Profile, 367

X, radiation length, 123
rapidity, 44, 118, 186
recombination, 12
redshift factor, 12

Reed reactor, 373
renormalization, 155, 270
resummation, 261, 269
resurgence, 440

rho meson, 73
Rochester, George, 263
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Rudaz, Serge, 337
running coupling, 232
Rutherford, Ernest, 63

S-matrix, 93
Sakharov, Andrei, 371, 372
Sakharov conditions, 371
Salam, Abdus, 324
Sanford Underground Research Facility, 46
scale invariance, 182, 248, 252
scale transformation, see dilation
scattering angle, 92
scattering processes
ete™ — H, 399, 400
ete™ — hadrons, eTe™ — ¢g, 157
ete™ — utpu=,95, 144
ete™ — ggg, three-jet production, 189

ete™ — wtw—,331

ete™ — Z,395-398

ete™ — ZH, 401,402, 404, 405

e p—e + X DIS, 175

e q—>e q,173

Dup — utn, 306

pp — H, g9 — H,410-412
Schrodinger picture, 459
Schrédinger equation, 8, 25, 458
Schwinger, Julian, 95, 311
Shifman, Mikhail, 337
similarity transformation, 45

SLAC, see Stanford Linear Accelerator Center

SLD experiment, 199
SN 1987a, 385, 386
soft limit, 197, 265, 443
solar neutrino problem, 392
Soper, Davison, 184
space-like, 176
special orthogonal group, 56
SO(2), 56
SO(3), 57
special relativity, 15
special unitary group, 323
SU(2), 60, 65, 325
SU(@3), 215, 323
sphaleron, 371
spin, 4, 69
spin-1/2, 36, 61, 62
spin-0, 32, 62
spin-1, 37, 62
spin group, 62
spinor, 34, 57, 62, 145
spinor helicity, 204, 442
Schouten identity, 208
spontaneous symmetry breaking, 313
SPPC, see Super Proton—Proton Collider
SPS, see Super Proton Synchrotron
SSC, see Superconducting Super Collider
Stairway to Heaven plot, 107
standard deviation, 133
Standard Model of Particle Physics, 3, 270

Stanford Linear Accelerator Center (SLAC), 179, 367

statistical uncertainties, 130
Stern—Gerlach experiment, 152
Stigler’s law of eponymy, 90
strangeness, 71

stress—energy tensor, trace, 248
string theory, 235

a, strong coupling constant, 167, 197, 233

[B-function, 234
Landau pole, 237
strong CP problem, 367

strong force, see quantum chromodynamics (QCD)

structure constants, 59
Stueckelberg, Ernst, 311
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Superconducting Super Collider (SSC), 447
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Super Proton Synchrotron (SPS), 112, 127

supersymmetric Yang—Mills, 171

S3, symmetric group of degree 3, 53,
68,75

symmetry, 16, 52

symplectic group, 77

synchrotron radiation, 112

systematic uncertainties, 129
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tau lepton, 352
Taylor, Tomasz, 442
Tevatron, 139, 187, 406
threshold energy, 332
thrust, 163, 198, 264

IRC safety, 204

leading order, 200204

7 — 1 limit, 265-269
time reversal, 285, 286

in quantum mechanics, 285
torque, 282
TOTEM experiment, 106
track, 6
tracking system, 120
transverse mass, 119
transverse momentum, 118
triangle, 51, 68
trigger, 128
TRIUMF National Laboratory, 298
TWIST experiment, 298

UA2 experiment, 127
underlying event, 276
unified electroweak force, 322-324
covariant derivative, 324
hypercharge U(1)y, 324
predictions of, 330
weak isospin SU(2), 324
unitarity triangle, 369
unitary group, 323
u(l), 57, 324
U(2), 65,323
unitary representation, 57, 58
units
natural, 9, 247
SI, 8
uranium, 4

vacuum expectation value (vev), 316, 325

vacuum polarization, 231
vampire vector, see pseudovector
variance, 132
V — A theory, 292
problems, 309-311
vector, 281
Veltman, Martinus, 235, 270
vev, see vacuum expectation value
virtual particle, see off-shell particle

W boson, 4, 14, 139, 328
coupling to fermions, 333
mass, 330-333

WATCHMAN experiment, 390

weak force, 4, 279, 291
covariant derivative, 329
gauge boson masses, 328

weakly interacting massive particle (WIMP), 46, 436

weak mixing angle, 338
Weinberg, Steven, 324
Weyl equations, 145

see also Dirac equation
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Wigner, Margit, 34
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Wigner’s theorem, 455
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Wilson line, 241

WIMP, see weakly interacting massive particle
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WKB approximation, 270
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Wau, Chien-Shiung, 280
Historical Profile, 291
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Yukawa, Hideki, 10
Yukawa coupling, 352
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Zboson, 4, 14, 153, 165, 321, 328
mass, 330
width, 12
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