


Contents

Preface xiii

1 Accelerators,beamsanddetectors 1
1.1 Introduction 1

1.2 Particleacceleratorsand beams 1
1.2.1. Introduction 1

1.2.2. Collidingbeams and availableenergyin thecentreof
mass 3

1.2.3. Beam stabilityandacceleratormagnetconfiguration 5
1.2.4. Synchrotronradiation 7
1.2.5. An exampleofan operatingaccelerator- theCERN

SuperProtonSynchrotron(SPS) 8

1.2.6. Particlebeams forfixed-targetexperiments 11
1.2.7. Particleseparators 12

1.3 Particledetectors 14

1.3.1. Generalconsiderations 14
1.3.2. Bubblechambers 17

1.3.3. Multiwireproportionalchambers(MWPC) 20
1.3.4. Driftchambers 21
1.3.5. Scintillationcounters 22
1.3.6. Cerenkovcounters 24
1.3.7. Calorimeters 28



1.3.8. Electromagnetic calorimeters 30

1.3.9. Hadron calorimeters 35

1.3.10. Nuclear emulsions 37

1.3.11. Semiconductor counters 37

1.3.12. Transition radiation 38

1.3.13. Electronics and computers 39

2 Pions and muons 40

2.1 Introduction 40

2.2 Prediction of the π-mesons by Yukawa 40

2.3 Discovery of pions and muons 48

2.4 Properties of charged pions and of muons 53

2.4.1. Meson production 53

2.4.2. Pion mass 55

2.4.3. Decay of charged pions and muons 56

2.5 The neutralπt-mesons 57

2.6 Best determination of the mass and lifetime of the neutralπt-meson 59

2.7 The spin of the charged meson 62

2.8 Resume concerning parity and the parity of the chargedπr-meson 65

2.9 Spin and parity of the neutπal n-meson 68

2.10 Isotopic spin for the n-meson 71

2.11 Pion-proton scattering 73

3 Conservation laws 77

3.1 General features of conservation laws 77

3.2 Conservation laws in quantum theory 78

3.3 Parity conservation 79

3.4 Operators and transformations in quantum theory 80

3.5 Angular momentum conservation in quantum theory 82

3.6 Conservation of isotopic spin 83

3.7 The generalised Pauli principle 86

3.8 Additive conservation laws 88

3.9 Antiprotons and the conservation of baryons 89

3.10 Lepton conservation 93

3.11 Muon and electron conservation and the two neutrinos 94

3.12 Thei-lepton 98

4 Strong, weak and electromagnetic interactions 100

4.1 Types of interactions 100

4.2 Coupling constants: dimensions 101

4.3 Coupling constants and decay lifetimes 102

4.4 Coupling constants and reaction cross-sections 104



5 Strange particles 106

5.1 V°particles 106

5.2 Charged K-mesons 109

5.3 Mass and lifetimefor charged K-mesons 112

5.3.1. Mass 112

5.3.2. Lifetime 113

5.4 Neutral K-mesons 114

5.5 The ∧-hyperon 116

5.6 The Σ-hyperons 118

5.7 The Σ°-hyperon 120

5.8 The Ξ"-hyperon 121

5.9 The Ξ°-hyperon 123

5.10 TheΩ"-hyperon 124

5.11 Strange-particleproduction and decay 126

5.12 Strangeness 126

5.13 Hypercharge 130

6 Spin and parity of the K-mesons and non-conservationof parityin

weak interactions 131

6.1 The t-0 problem 131

6.2 Spin-parityfor the 0-meson, K→ππ 131

6.3 Spin-parityfor the T-meson, K→πππ 132

6.4 Distributionin the Dalitz plotfor the T-decay 136

6.5 Other examples of paritynon-conservation in weak decay 137

7 Weak interactions:basicideas 142

7.1 Introduction 142

7.2 Neutron β-decay:phenomenology 143

7.3 The matrix element forβ-decay 144

7.4 Parity non-conservation in β-decay 147

7.5 Weak decays of strange particles 151

8 Invarianceunder the CP and T operations,propertiesof K°-mesons 154

8.1 The TCP theorem 154

8.2 The K°-particlesand invariance under the operator CP 155

8.3 The development of a K°-beam 158

8.4 Time variationof the neutralkaons 159

8.5 Failureof invariance under CP in K°-decay 161

8.6 CPT invariance 165

8.7 C and P invariance in strong interactions 166

8.8 C, P and Tinvariance in electromagneticinteractions 167



9 Strongly-decayingresonances 172

9.1 Introduction 172

9.2 The A (1238):'formation'experiments 173

9.3 Resonance spinand parity:the A (1238) 174

9.4 'Production'experiments 176

9.5 The Dalitzplot 181

9.6 Resonanceswith5 = 1 and S = 0 184

9.7 Resonanceswith B= 1 and S= -1 187

9.8 Resonanceswith B= 1 and S= -2 193

9.9 Meson resonances:quantum numbers: J,I,P, C 194

9.10 Meson resonances:G-parity 195

9.11 Meson resonances:spinand parity 197

9.11.1. Pseudo-scalarmesons 197

9.11.2. Vectormesons 199

9.11.3. The tensornonet 204

9.11.4. Other meson resonances 207

10 SU(3) and thequark model:classificationand dynamic probes 208

10.1 Introduction 208

10.2 Baryon and meson multiplets 209

10.3 Symmetry groups 210

10.4 The SU(3)classificationand the quark model 212

10.5 Predictionof theft" 216

10.6 Mass formulaeand mixing 218

10.7 Mesons and baryons constructedfrom quarks 221

10.8 The orbitalexcitationmodel forquarks 223

10.9 Regge trajectories 224

10.10 Developments of thequark model: magneticmoments 226

10.11 Nucleon structurefrom scatteringexperiments 227

10.11.1.Elementsofscatteringtheory:elasticscattering 228

10.11.2.Elementsofscatteringtheory:inelasticscattering 229

10.11.3.Bjorkenscalingand partons 230

10.11.4.Parton spins 232

10.12 The searchforfreequarks 233

11 Weak interactionsand weak-electromagneticunification 236

11.1 'Cabbibo mixing' 236

11.2 v-interactionsand theunitarityproblem 237

11.3 Neutralcurrents 241

11.4 Gauge theoriesand theWeinberg-Salam model 241

11.4.1. Global gauge transformations 243

11.4.2. Localgauge transformations 243

11.4.3. Yang-Millsgauge theoryand weakI-spin 246



11.4.4. Spontaneous symmetry breaking 247

11.4.5. The'Standard Model' 247

11.5 Weak-electromagnetic interferencemeasurements 250

11.5.1. Electro-weak interferencein e+e-→μ+μ~ 250

11.5.2. Parity non-conservation in inelasticelectronscattering 251

11.6 Experimental discovery of the W± and Z° 255

11.6.1. Masses and branching fractions 255

11.6.2. Antiproton cooling 258

11.6.3. The UA1 detector 259

11.6.4. Event selectionand data 259

11.6.5. Comparison of resultswith SU(2) x U(l) 263

12 New flavours 267

12.1 Prediction of charm from absence of AS = 1 neutral currents 267

12.2 Discovery of the J/ψ 268

12.2.1. Propertiesof the J/ψ 271

12.3 Charmonium 272

12.4 Charmed hadrons 273

12.5 Symmetry including charm 276

12.6 Upsilon and the b-quark 278

12.7 Search for the t-quark 283

12.8 Six flavoursand weak decays 285

13 Quark and gluon interactions 287

13.1 Colour 287

13.2 Quantum chromodynamics (QCD) 288

13.3 Quark-quark interactions 290

13.4 Jetsand quark fragmentation 293

13.5 Gluons and gluon couplings 294

13.6 Status of QCD 301

14 Higher symmetries 302

14.1 Grand unification 302

14.2 Proton decay 305

14.2.1. Lifetimeand decay modes 305

14.2.2. Measurements 307

14.3 Magnetic monopoles 310

14.4 Higher symmetries and outstanding problems 312

Appendix A: Relativistickinematics and phase space 314

A.I Lorentz transformations 314

A.2 The centre-of-masssystem 317

A.3 Geometrical pictureof transformations 319



A.4 Decay length 320

A.5 Limiting kinematic relationshipsfor many-particle systems 321

A.6 Processes with three particlesin the finalstate:the Dalitz plot 323

A.7 Phase space 325

Appendix B: Clebsch-Gordan coefficientsand particleproperties 331

B.I Clebsch-Gordan coefficients 331

B.2 Particleproperties 332

B.2.1. Stable particles(stable or decaying by weak or

electromagnetictransitions) 333

B.2.2. Strongly-decayingparticles 335

References 341

Index 345


	page1
	page2
	page3
	page4
	page5
	page6
	page7

