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Lagrangian 27
for particle in electromagnetic field 48

Lagrangian density for
charged scalar field 73
Dirac field 51, 52, 55
electromagnetic field 39
flexible string 30
gluon field 154
massive vector field 46, 113
Majorana field 207
quark fields 141, 155
scalar field 32
Weinberg–Salam theory 120

� 161
�Latt 166
lattice QCD 158, 166
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Majorana neutrinos 65
plain wave expansion 206

massive vector field 46
see also W bosons, Z boson

matter genesis 220
meson 4, 157

B 147
K 10
π 5, 34, 93
strange 10

metric tensor 22
MSW effect 190, 203
muon 3, 11, 93

decay 96
neutrino 96, 98

neutral current 99, 122
neutrino 3

atmospheric 200
coupling to Higgs field 191, 210
CP transformations 75
massless limit 65
mass matrix 186
mass squared differences 189, 194
mixing and mixing matrix 186, 192, 195,

210
oscillations 187, 189, 209
solar 200

neutron 1, 4
Noether’s theorem 3, 29

currents 156

parity 7, 8, 10, 42, 54, 59, 91
see also space inversion

parton model 16, 238
Pauli exclusion principle 49, 79
Pauli spin matrices xv, 50, 108

transformations of 232
perturbation theory 81
photon 2, 44, 78
polarization 42, 47
proton 1, 4, 238

quantum chromodynamics (QCD) 153
lattice 166
perturbative 171

quantum electrodynamics (QED) 2, 69,
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quark 2
see also colour, confinement
bottom 4
charmed 4
constituent 244
diagram 8
doublet 138
down 4
families 138, 217
flavour 4, 10
mass 4, 139, 170
model 8
sea 169

strange 10
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true 140
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quenched approximation 158
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active 229
and intrinsic spin 45, 59
and SU(2) 229
matrix 228
passive 229

scalar 22
field 23

sea saw mechanism 211
sea quarks 169
second quantisation 49, 79
σμ; σ̃μ 52, 232
SLC 130, 149
space inversion 25, 42, 54, 59
spinor 24, 54
spin–orbit coupling 75
Stanford 16, 18, 130
sterile neutrinos 193
string tension 167
strong interaction 2, 5, 153

coupling constant 154
effective coupling constant 158

SU(2) symmetry 107, 117
group 229

SU(3) symmetry 153
group 233

symmetry
global 67
local 70

symmetry breaking
isospin 163
local 104, 111
spontaneous 103

tau lepton 3, 92
decays 95, 97

τ matrices 163
tensor 24, 234

pseudo- 26
see also energy–momentum tensor

tevatron 18
time reversal 25, 183
topological number 218
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Units 18
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unitary sum rules 176
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vacuum polarization 84, 158
vacuum state 78, 86, 111

topological number 219
valence quarks 169

W boson 1, 113
coupling to lepton fields 120
coupling to other gauge bosons 113
coupling to quark fields 141
hadronic decays 150
leptonic decays 129
mass 114

weak currents
charged 95, 186
neutral 99, 187

W+ fields 110
W gauge fields 108
weak interaction 1, 91
weak isospin 109
Weinberg angle 112, 114, 122

Z boson 1, 113
asymmetries 135, 149
coupling to lepton fields 121
coupling to other gauge bosons

113
coupling to quark fields 141
hadronic decays 147
leptonic decays 130
mass 114
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