Contents

1 Historical Notes and Fundamental Concepts . . . . . ... ... ... 1
Problems . . . . . . . ... 1
Supplement 1.1: Cosmic Rays and Astroparticle Physics . . . . . . . .. 3
Solutions . . . . . . .. e 6
References . . . . . . . . . . . . e 8

2 Particle Interactions with Matter and Detectors . . . . . . . ... .. 9
Problems . . . . . . . .. ... 9
Supplement 2.1: Multiple Scattering at Small Angles . . . . . . ... .. 11
Supplement 2.2: Muon Energy Loss at High Energies . . . . . ... .. 12
Solutions . . . . . . . e 13
References . . . . . . . . . . . 18

3  Particle Accelerators and Particle Detection . . . . . ... ... ... 19
Problems . . . . . . . ... 19
Supplement 3.1: Synchrotron Radiation . . . . . ... ... .. ..... 24
Solutions . . . . . . . ... 25
References . . . . . . . . . . . . e 35

4  The Paradigm of Interactions: The Electromagnetic Case . . . . . . 37
Problems . . . . . . . ... 37
Supplement 4.1: Radiocarbon Dating . . . . . ... ... ... ..... 40
Solutions . . . . . . . 41
References . . . . . . . . . . . . e 47

5  First Discussion of the Other Fundamental Interactions . . . . . . . 49
Problems . . . . . . . ... 49
Supplement 5.1: Baryon Number Conservation: the Search for Proton

Decay . . . . . . . e 50
Solutions . . . . . . . e e 53
References . . . . . . . . . . . . e 57

vii



viii

10

11

12

13

14

Contents
Invariance and Conservation Principles . . . . . . . . ... ... .. 59
Problems . . . . . . . ... 59
Solutions . . . . . . .. e e 60
Interactions of Hadrons at Low Energies and the Static Quark Model 65
Problems . . . . . . . ... 65
Supplement 7.1: Sum of Angular Momentum and Isospin:
the Clebsch-Gordan Coefficients . . . . . ... ... ... .... 68
Solutions . . . . . . . e e 69
Weak Interactions and Neutrinos . . . . . .. ... .......... 81
Problems . . . . . . . ... 81
Supplement 8.1: Signals, Data Transmission and Electronics . . . . . . . 86
Solutions . . . . . . . 89
References . . . . . . . . . . . . ... .. 102
Discoveries in Electron-Positron Collisions . . . . ... ... .. .. 103
Problems . . . . . . . ... 103
Supplement 9.1: Electronic Logic and Trigger . . . . .. ... ... .. 104
Solutions . . . . . . . 107
References . . . . . . . . . . . 111
High Energy Interactions and the Dynamic Quark Model . . . . . . 113
Problems . . . . . . . ... 113
Supplement 10.1: The Computing Effort at the LHC Collider . . . . . . 116
Solutions . . . . . . . e e 118
References . . . . . . . . . . . . e 124
The Standard Model of the Microcosm . . . . . ... ... ...... 125
Problems . . . . . . . .. ... 125
Solutions . . . . . . . .. 126
CP-Violation and Particle Oscillations . . . . . .. ... ... .. .. 129
Problems . . . . . . . ... 129
Supplement 12.1: Analogy for the Neutrino Mixing . . . ... ... .. 132
Supplement 12.2: Dirac or Majorana Neutrinos: the Double 8 Decay . . 133
Solutions . . . . . ..o 137
References . . . . . . . . . . . . .. ... 144
Microcosm and Macrocosm . . . . . . .. ... ... ... ... .. 145
Problems . . . . . . . ... 145
Supplement 13.1: Cosmic Accelerators . . . . . ... ... ....... 148
Solutions . . . . . . . 153
References . . . . . . . . . . . . 162
Fundamental Aspects of Nucleon Interactions . . . . . ... ... .. 163
Problems . . . . . . . ... 163

Supplement 14.1: Nuclear Collisions of Cosmic Rays During
Propagationinthe Galaxy . . . . . ... ... ... .. ...... 167



Contents ix

Supplement 14.2: Quantum Mechanics and Nuclear Physics — White

Dwarfs and Neutron Stars . . . . . . . ... ... ... ...... 171

Solutions . . . . . . . e 174
References . . . . . . . . . . .. ..o 180
References . . . . . . . . . . . ... 181





