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anomalous magnetic moment
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of nucleons, 130, 139
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antiparticles, 13
antiproton, 15
antiproton—proton collider, 345
asymptotic freedom, 185
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B meson decay and CKM matrix, 225
BO_B0 mixing, and C P violation, 238
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conservation of, 79

instability of, 282

magnetic moments, 130

parity, 66
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baryon masses and hyperfine splitting, 128
baryon multiplets in quark model, 109 et seq.
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beta decay, 197

inverse, 201

Gamow-Teller and Fermi transitions, 198
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parity violation in, 202

V — A theory, 206
beta function, 183
betatron oscillations, 341
Bethe—Bloch formula, 349
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Bohr magneton, 41
Bohr radius, 105
Bose-Einstein distribution, 309
Bose-Einstein statistics, 12
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bremsstrahlung by fast electrons, 354
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invariance under, 73-5
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charge conservation, and gauge invariance, 75
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charge independence, 87
charge radius
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charm quantum number, 99
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charmonium energy levels, 101
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Chew-Frautschi plot, 178
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derivation, 386
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colour quantum number, 44, 114, 171 et seq.
factor in e e~ annihilation to hadrons, 144
in 70 decay, 115
magnetic interaction, 127
Compton effect, 356
confinement of quarks, string model, 178 et seq.
conservation of weak currents, 209
conservation rules, table of, 93
conversion length, for photons, 355
cooling in proton-antiproton colliders, 344
cosmic background radiation, 31, 307
cosmic rays, early work in, 26
cosmological constant, 304
Coulomb scattering, 40, 351
coupling constants, table of, 52
running, 181
covariant derivative, 78, 271
C P eigenstates in K 0 decay, 229
C P operation, 76
C P violation
in B meson decay, 239
in cosmology, 237
in K9 decay, 82, 232
superweak model of, 237
T violation and, 83
C PT theorem, tests and consequences, 81
critical energy of medium, 353
crossed diagram, 148
cross-section
and decay rate, 55
definition of, 51
formula for, 53 ez seq.
relativistic formula, 396
current—current interaction, 208
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table of, 393
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de Broglie wavelength, 1
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decuplet of baryons, 109
deep inelastic scattering, 156 et seq.
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A(1232) pion—proton resonance, 58
Al = % rule in weak decays, 234
density effect, in ionisation loss, 350

density of final states, see phase-space factor
detailed balance, 66

detectors, for charged particles, 355 et seq.
di-muon events, from charm decay, 225
dipole formula, for nucleon form factors, 154
Dirac equation, 18

Dirac and Majorana neutrinos, 284
divergences, in weak interactions, 243
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double beta decay, 286

Drell-Yan process, 124

drift chambers, 358

D-zero detector, 135

elastic scattering

form factors, 1546

of charged particles in medium, 351

of electrons and neutrinos on nucleons, 154 et seq.
electric dipole moment

and T symmetry, 83

of neutron, 84 ef seq.
electromagnetic form factors, see form factor
electromagnetic interactions, 40
electromagnetic mass splitting, 129
electromagnetic showers, 368 et seq.
electron

K-capture by nuclei, 241

magnetic moment, 41

radiation loss by, 342, 354

scattering by nucleons, 159
electron-muon scattering, 147
electron-photon showers, 368
electron-positron annihilation

in positronium, 103

to hadrons, 144

to muon pairs, 140 ef seq.
electron—positron colliders, 345
electron—positron pairs, 17, 30
electroweak interaction, 242 et seq.

forward—backward asymmetries, 258

polarisation asymmetries, 260
electroweak couplings of leptons and quarks, 249
elementary particles, table of, 377
equivalence principle, 79
exchange symmetry, for fermions and bosons, 12
exclusion principle, 13
extensive air showers, 335

fermi, or femtometre, unit, 3
Fermi constant, in weak interactions, 151, 210
Fermi-Dirac distribution, 310
Fermi-Dirac statistics, 12
Fermi theory of beta decay, 197
Fermi transitions in beta decay, 198
Fermilab accelerators, 345, 134 ef seq.
fermion

conservation, 15

definition of, 13

number, 15

parity of, 69
Feynman diagrams, 38
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Feynman parton model, 155

fine structure constant, 40

fine structure in positronium, 104
flat universe, 306

flatness problem, 326

flavour quantum number, 22
form factor of nucleon, 154
four-fermion interaction, 197
4-momentum transfer, 6
4-vectors, 5

Fourier transform, 56

Friedmann equation, 304
fundamental interactions, table of, 52

g-factors and g — 2 anomaly of electron and
muon, 41, 183, 254
GALLEX experiment, 294
gamma matrices, 19
gamma rays, absorption in matter, 355
gamma-Z 0 interference, 258
Gamow-Teller transition, 198
Gargamelle bubble chamber, 49, 216
gauge invariance, 42
for non-Abelian fields, 269
in QED, 75
gauge transformation, 78
Gell-Mann and Okubo mass formula, 120
GIM mechanism and charm, 221 et seq.
GLS sum rule, 167
gluon
and string model, 45
colour octet, 171
constituents in nucleon, 163
self-interaction, 179
gluon jets, in e+ e~ annihilation, 180
gluonium, 190
Gottfried sum rule, 166
Grand unified theories (GUTs), 278 et seq.
gravitational interactions, 51
gravitational lensing, 322
gyromagnetic ratio, see g-factor

H1 detector, 166
hadrons, 24
hadronic shower calorimeter, 371
Heaviside—Lorentz units, 3
heavy leptons, 246
heavy-ion accelerator, 346
helicity

conservation of, 19, 141

in V — A theory, 206 et seq.

of electrons in beta decay, 204

of neutrino, 205
helium-hydrogen ratio in universe, 316
HERA electron—proton collider, 165, 191
hierarchy problem, 276
Higgs Lagrangian, 267
Higgs production and detection, 271 et seq.
Higgs scalars, 249
hole theory of positron, 15
HOMESTAKE experiment, 294
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Hubble’s law, 32, 303
hybrid detectors, 373 er seq.
hypercharge, 92
hyperfine interactions in quark model, 126, 133
hyperfine structure in QED, 104, 139
hypernucleus, 94
hyperons
and strangeness, 92
examples, 26, 43, 113, 117
magnetic moments, 131
parity, 66

identical particles, 12
IMB experiment, 332
inflationary model of early universe, 326 ef seq.
intermediate vector boson, see W, Z bosons
intrinsic parity, see parity
invariance principles, 63 et seq.
inverse beta decay, 201
ionisation energy loss
of charged particles, 349, 37§
relativistic rise in, 352
ionisation potential, 350
isospin, 88 et seq.
assignments, 91
in pion—nucleon system, 89 et seq.
in two-nucleon system, 88
multiplets, 111
of strange particles, 91
symmetry and mass differences, 129
weak isospin and hypercharge in electroweak
theory, 246

JADE detector, 47, 182, 374
jets

in et e~ annihilation, 47, 182

in proton-antiproton collisions, 172
J /¥ particle, 95 et seq.

K-capture, 241
K mesons, discovery, 24, 29
K1, Ks mesons, see K 0 mesons

K7+ and K~ mesons, 91
KO mesons, 226 et seq.

and regeneration, 231

and strangeness oscillations, 229

and superweak theory, 237

C P violation in decay, 232

leptonic decays, 236

mass differences, 230

mass equality and C PT theorem, 81

K; and Kg, K and K eigenstates, 228, 232
Kamiokande experiment, 294
Klein—-Gordon wave equation, 16
Kaurie plots, in beta decay, 199

Lagrangian energy density, 264
Lagrangian in electroweak theory, 248
Large Magellanic Cloud, 322

LEAR experiment, 227, 234
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Legendre polynomials
properties, 65
table of, 393
LEP e*e™ collider, 257
lepton
conservation, 22, 79
families, 8, 22
pair production in hadron collisions, 124
table and masses, 20 ef seq.
lepton—quark scattering, 140 et seq.
lepton scattering and QCD, 186
lepton universality, 195
leptonic decay of vector mesons, 125
leptoquarks, 283
LHC project, 346
lifetime
and widths of hadrons, 55
equality and CPT theorem, 81
light-element abundance, 316
linear accelerator, 338
Lorentz transformations, 4
luminosity, 344

MACHGO:s, 320
magnetic bottle, 84
magnetic moments
Dirac, 41
of baryons, 130
of electron and muon, 41
of hyperons, 130
magnetic monopoles, 299
Majorana neutrino, 284
Mandelstam variables, 148
mass difference in isospin multiplets, 129
mass equality, for particle and antiparticle, 81
mass formulae
and hyperfine interactions, 126 ef seq.
for baryon multiplets, 117
for mesons, 120
mass spectrum, of fermions and bosons, 25
mass generation, 271
matrix element, 53
maximal parity violation, 209
mesons, discovery and definitions, 27
mass relations of, 120
with light and heavy quarks, 132
mirror nuclei, 87
Moliére unit, in scattering, 371
Megiller scattering, 253
Mott scattering, 150, 169
MSW effect, 295
multiple Coulomb scattering, 352
muon
capture in nuclei, 34
decay, 210
discovery of, 28
number conservation, 22
pair production, 102
muon—electron universality, 195
muonium, 139

narrowband neutrino beam, 214
negative energy states, 13
neutral weak currents, 213 et seq.
absence in AS = 1 processes, 222
and GIM model, 223
coupling of leptons and quarks, 250
examples, 49, 216
in electron—deuteron scattering, 253
in neutrino-electron scattering, 49
in neutrino—nucleon scattering, 274
Salam-Weinberg—Glashow model, 245 et seq.
neutral K mesons, see K 0 mesons
neutral pion
colour factor in decay, 115
lifetime, 115
parity, 68
spin, 67
neutrino
atmospheric, 297 et seq.
decoupling in early universe, 323
experiments at accelerators, 215
experiments at reactors, 201, 289
helicity measurement, 205
hypothesis of, 201
interactions, examples of, 23, 157
mass, 22
muon, electron and tau flavours, 22
scattering by nucleons, 160
solar and atmospheric experiments, 293 ef segq.
two-component V — A theory, 206
neutrino astronomy, 330
neutrino—electron scattering, 150, 251
neutrino events, 215
neutrino interactions, examples of, 23, 157
neutrino—-nucleon inelastic scattering, 160
neutrino oscillations, 287 et seq.
neutrinoless double beta decay, 286
neutron
electric dipole moment, 83 ez seq.
magnetic moment, 131
neutronisation, 331
Newtonian coupling constant, 51
non-Abelian transformation, 270
nonet of vector mesons, 122
nuclear beta decay, see beta decay
nuclear emulsions, 27
nucleosynthesis, in early universe, 313
nucleon
form factor, 154
isospin, 88
stability, 282

octet (of flavour) in quark model
for baryons, 117
for mesons, 119
octet-singlet mixing, 121
omega (£2) hyperon, 111, 113
omega (w) meson, 122
omega parameter (cosmology), 306
open universe, 306
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optical model of scattering, 57
OZI rule, 100, 122

pair production, 17, 30, 356
parity
intrinsic, 66
of hyperons, 66
of nucleon, 66
of particle and antiparticle, 69
of pion, 66-8
of spherical harmonics, 65
operation, 65
test of conservation, 72
violation in weak interactions, 202
violation in polarised ed scattering, 253
Parker bound (monopoles), 300
partial width, 56
particles and antiparticles, 13
parity of, 69
particle—-antiparticle conjugation, 118
particle separators, 346
parton charge, 162
parton model, 156 ef seq.
parton spin, 162
Pauli principle, 13
Pauli spinors, 18
Pauli vectors and matrices, 18
penguin diagram, 236
perturbation theory, 268
PETRA et e~ collider, 143, 182
phase-space factor in cross-section, 54
photoelectric effect, 356
photomultipliers, 360
photino, see supersymmetry
photons
and gauge invariance, 75 ef seq.
polarisation in 70 decay, 68
polarisation in positronium decay, 70
pion, see also neutral pion
decay branching ratio, 210
discovery, 27
form factor, 129
isospin, 89
spin and parity, 66
pion—nucleon scattering, 92
and isospin, 92
pion-nucleon scattering in quark model, 123
Planck mass and length, 51
polarisation
effects in ionisation energy loss, 350
of leptons in beta decay, 204
of photons in 70 decay, 68
of photons in positronium decay, 69
positron, discovery, 15
in Dirac theory, 16
positronium
decay modes and lifetimes, 107
levels (in comparison with charmoniumy), 102
primordial abundances, of light elements, 316
propagator term, 37
proportional counter, 357
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proton

decay, 282

form factors, 154

magnetic moment, 131
proton—antiproton collider, 217
pseudoscalar mesons, 120
psi meson (J/v), 95 et seq.

quadrupole magnets, 340
quantum chromodynamics (QCD), 171 et seq.
non-Abelian nature of, 270
QCD potential, 44, 107, 172 et seq.
quantum electrodynamics (QED), 42
quantum exchange, 35
quark
and antiquark content in nucleon, 162
navurs, 22
masses, 377
spin and colour quantum numbers, 114
tables, 8, 24, 377
weak mixing angles, 224 et seq.
quark—gluon plasma, 190
quark model of hadrons, 95 ef seq.
quarkonium states, 102 et seq.

R conservation, 277
radiation and matter eras, in universe
expansion, 311

radiation length, 353
radiation loss of electrons, 354
radiative corrections

in QCD, 185

in QED, 41

in Standard Model fits, 260
reactor neutrino experiments, 201, 289
regeneration in K Y decay, 231
relativistic increase in ionisation, 352
relativistic transformations, 4
renormalisability, 243
renormalisation, in field theory, 42
renormalisation group equation, 183
resonance, and Breit-Wigner formula, 55
resonances in astrophysics, 59
rho-omega (pw) mixing, 94
ring-imaging Cerenkov counter (RICH), 363
rotation curve, of galaxy, 319
rotation matrix, 390, 394
rotation operator, 64
running coupling constant, 187
Rutherford scattering, 150, 177, 349

SAGE experiment, 294

Sakharov criteria, 318

Sargent rule, in beta decay, 200

scale invariance, and partons, 155
scattering of leptons and quarks, 140 et seq.
Schrédinger equation, 16

Schwarzschild radius, 332

scintillation counters, 358

seesaw formula, 298

self-energy, 41



shielding effects, in field theory, 185
shower development
electromagnetic, 368
nuclear, 371
sigma () hyperon, 43
magnetic moment, 131
sigma(1385) resonance, 43
silicon strip detectors, 364
SLAC laboratory, 95, 253
SLC, 255
SN 1987A, 330
solar neutrinos, 293 ef seq.
spark chambers, see streamer chambers
SPEAR storage ring, 95
spherical harmonics
parity, 65
table of, 393
spin functions, for two fermions, 68
spinor
in Dirac theory, 19
in Pauli theory, 18
spin-statistics relation, 12
spontaneous symmetry breaking, 268
SPS (CERN), 164, 347
Standard Model, 7, 241 et seq.
fits and radiative corrections, 260
Standard Solar Model, 294
stochastic cooling, 344
storage rings, 343
strange particles, 24
strangeness
introduction and conservation, 25, 30
oscillations in K© decay, 229
violation, A/ = 1 rule, 234
streamer and spark chambers, 23, 357
string model of hadrons in QCD, 178
strong coupling, 44
strong focussing, 341
structure function of nucleon, 161
evolution in QCD, 186
Superkamiokande detector, 285
supernova, 330 ef seq.
superstrings, 300
supersymmetric SU(S), 282
supersymmetry, 277
symmetry groups
SU(2) of spin and isospin, 88
SU(3) of colour and of flavour, 114
SU(S) of grand unification, 278
symmetry under particle interchange, 68
synchrotron, synchrotron oscillations, 341
synchrotron radiation, 342

TASSO detector, 182

tau lepton, 22, 196

Tevatron, Fermilab, 164

time reversal (T') invariance, 81
thermonuclear reaction, in Sun, 293

three-jet events, in et e annihilation, 182

top quark
discovery and properties, 134 et seq.
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track length integral, 370, 376
translation operator, 63
transverse energy, 136

transverse momentum, in hadron collisions, 218

triangle anomaly, 224
triangle diagram, 115
two-component neutrino theory, 206
two-jet events

in e¥e™ annihilation, 47, 147

in pp annihilation, 173

UAT1 and UA?2 detectors, 173
uncertainty principle, 11, 329
unification energy, 281
unitarity limit, 244

unitarity triangle, 240

unitary symmetry, 114

units in high energy physics, 2
upsilon mesons, 102

V events, 29

V — A interaction, 206

vacuum expectation value, 268

vacuum polarisation, 183

valence gquarks, 167

Van Royen—Weisskopf formula, 125

vector interaction, in beta decay, 206

vector mesons, in quark model, 121
leptonic widths of, 125

virtual particle exchange, 35

wave equations, 16

W boson
discovery, 50, 215 et seq.
mass value, 52
width, 275

W pair production, 262 ef seq.

weak interactions, 194 ef seq.
classification, 194
coupling constant, 197, 210

weak mixing angle in electroweak model, 248

prediction in SU(5), 280
weak neutral currents, see neutral currents
Weinberg—Salam—Glashow electroweak
model, 242 et seq.
Weyl equation, 18
width, of resonance, 56
relativistic formula, 396
WIMPs, 325

X, Y (leptoquark) bosons, 283

Yang—Mills field, 270
Yukawa coupling, 271
Yukawa potential, 36

Z0 boson
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discovery, 215
production and mass value, 52, 261
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