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Boltzmann constant, 20
Boltzmann, Ludwig Eduard,

20
Born
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Goldstone, 774
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decay modes, 647
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bound states, 449
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branching ratio, 25
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Breit frame, 542
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of Wilson, 79
tracking, 86
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projection operator, 241
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SLC, 68, 70
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W/Z production, 817
WW and ZZ production,
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WW production, 823
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creation, 350
inertial frame of reference,
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proton–(anti)proton, 615
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color, 553
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evidence of, 539
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for photon, 326
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complex Klein–Gordon field
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complex scalar field, 188
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Compton scattering, 41, 380
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384
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concordance model, 985
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baryon number, 489
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current, 190
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rules in hadron decays,
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continuous transformations, 5
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coupling constant, 263
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strong, 466
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covariance, 189
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continuity equation, 191
derivative

Higgs field, 793
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equation, 189
form of Dirac equation,
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vector, 145
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scattering, 879
neutrino–nucleon, 873
neutrino–nucleon deep

inelastic neutral
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
Møller and Bhabha

reactions, 355
Curie Skłodowska, Marie, 23
Curie, Pierre, 23
Curie-Joliot, Irène, 43
current

conservation, 190
cutoff regularization, 395
cyclotron, 63

condition, 63

frequency, 63, 442

Dalitz plot, 176
resonance production, 177
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dark energy, 985
dark matter, 984
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decay
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beta, 659
beta decay rate, 664
beta half-life, 664
branching ratio, 25
chain, 26
comparative half-life, 665
double-ğbeta, 978
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inverse beta, 665
law of radioactive, 24
lifetime, 172
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partial width, 24
rate, 172
width, 172
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Yukawa, 295

deep inelastic scattering, 512,
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kinematical variables, 513,
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parton distribution

function, 544
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calorimeters, 82
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tracking, 86
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DGLAP

evolution equations, 585
splitting functions, 588

differential cross-section, 31
diffusion cloud chamber, 80
dimensional regularization, 411
dipole form factor, 503
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of the LHC, 72
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Dirac γ matrices, 1036

definition, 216
properties, 1036
slash notation, 217

Dirac equation, 215
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charge conjugation, 247
covariance, 238
covariant form, 216
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current density, 218
derivation of, 212
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free solution, 219
hole theory, 228
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Lagrangian, 253
matrix form, 217
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negative energy solution,
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parity transformation, 243
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postulate, 212
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equation, 217
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time reversal, 245
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neutron, 43
positron, 229

doped semiconductors, 90
Doppler broadening, 112
double beta decays, 978
Drell–Yan
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in electroweak theory, 859
QCD corrections, 629
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duality, 105
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time-ordering operator,

114, 991
Dyson, Freeman John, 113
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effective Lagrangian method,
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Einstein summation notation,
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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

F µν , 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,
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intrinsic parity, 119
magnetic moment, 442
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polarization, 127
positive, 229
QED scattering, 349
self-energy, 406

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

Rµµ, 420
Bhabha scattering, 352,

364, 419
differential cross-section,

364
electroweak contribution,
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forward–backward
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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
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gauge, 785

W/Z production, 817
WW production, 862
W ± boson decay, 809
Z0 boson decay, 811
cf

V and cf
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Brout–Englert–Higgs
mechanism, 793
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effective weak mixing

angle, 835
fermion couplings to
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Feynman diagrams, 798
forward–backward
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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,
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hypercharge Y , 786
Lagrangian, 792
left and right-handed

couplings, 800
left–right asymmetry, 857
number of neutrinos, 860
precision global fit, 921
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corrections, 816
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breaking, 793
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top mass fit, 903
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zero-point, 205

energy–momentum
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Englert, François, 793
equal time commutation rules

(ECTR), 202
equation

continuity, 110, 191

Dirac, 215
Klein–Gordon, 197
of relativistic motion, 185
Pauli, 125
Schrödinger, 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
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electron, 425
leptons, 433

exotic atoms, 449, 470
experiments

ALEPH, 66
ALICE, 66
at the LHC, 96
ATLAS, 66, 93, 96, 97
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Belle, 647
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L3, 66, 426
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neutrinoless double-beta,

978
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OPAL, 66
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spin precession, 442
spin resonance, 442
T2K, 946
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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 GF , 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
ϕ4 theory, 290
electroweak theory, 798
Higgs boson, 912
massive propagator, 316
QCD, 560
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QED, 330
Yukawa theory, 298

Feynman, Richard Phillips,
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Feynman-x, 627
Feynman–Stückelberg

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
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Lagrangian density, 187

fields
interacting, 260

Fierz
identity, 1039
transformation, 720
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fine-structure constant α, 15,
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finite size effects, 458
first quantization, 107
first Townsend coefficient, 78
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current, 748
flux factor, 35, 168

Lorentz invariant, 168
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form factor, 501

dipole, 503
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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 Dh
p (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,
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U(1) local field theory,
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covariant derivative, 761,
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freedom, 307
global symmetry, 10
invariance, 10
invariance principle, 759
local symmetry, 10
non-Abelian field theories,
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transformation, 307
unitary, 774
unitary global
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vector field, 761, 763
Yang–Mills field theories,
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gauge fixing

Coulomb, 308
Faddeev–Popov terms,
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Feynman, 314
Lorenz, 307

Gauss, Johann Carl Friedrich,
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Geiger, Johannes Hans
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Geiger–Müller counter, 79
Gell-Mann

matrices λa, 528
Gell-Mann, Murray, 488
Gell-Mann/Nishijima formula,

482, 488
GENBOD, 180
general relativity, 983
generalized Stokes theorem,
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generation of phase space, 177
generators

of a transformation, 116
of the Lorentz group, 194
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Glashow, Sheldon Lee, 749,

969
Glashow–Illiopoulos–Maiani

mechanism, 748
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discovery of, 596
Feynman propagator, 559
self-coupling, 559

gluon–gluon scattering, 574
gluonic

field, 557
kinetic term, 559
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Golden Rule

of Fermi, 134
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Goldstone boson, 774
Gordon identity, 335
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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,
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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
γ − Z0 in e+e− collisions,

856
in e+e− → W +W −, 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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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

www.cambridge.org© in this web service Cambridge University Press & Assessment

1081 INDEX

jets
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discovery of gluon, 596
event variables, 596
first observation of, 594
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parton shower simulation,
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sphericity S, 595
thrust, 596
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K-factor
Drell–Yan, 629
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