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Introduction

Matter and Forces: Matter and generations. Leptons, quarks, hadrons and nuclei. Forces and gauge bosons.
Relativistic Kinematics: Natural units. Four-vectors. Colliders and (s.
Decays and Reactions: Particle decays. Resonances. Partial decay widths. Reactions and cross-sections. Scattering in Quantum Mechanics. Breit-Wigner cross-section. 
Particle Physics

The Standard Model: Summary of the Standard Model of particle physics. Theoretical framework. Klein-Gordon equation. Antimatter. Interaction via particle exchange. Yukawa potential. Virtual particles. Feynman diagrams.
Electromagnetic Interaction: QED. Electromagnetic interaction vertices. Scattering in QED. Discovery of quarks. Drell-Yan process. Experimental tests of QED. Higher orders and running of .
Strong interaction: QCD. Strong interaction vertices. Gluons, colour and self-interactions. QCD potential, confinement and jets. Nucleon-nucleon interactions. Running of s. Scattering in QCD. Experimental evidence for gluons, colour, self-interactions and the running of the strong coupling constant.

Quark Model of Hadrons: Hadron wavefunctions and parity. Light quark mesons and masses. Baryons, baryon masses and magnetic moments. Hadron decays. Discovery of the J/ψ. Charmonium. Charmed Hadrons. Discovery of the (. Bottomonium and bottom hadrons.
Weak Interaction: Bosons and self-interactions. Fermi theory. Weak charged current (W( boson). Parity violation. Weak charged current lepton vertices. μ and τ decay. Lepton universality. Weak charged current interactions of quarks. Cabibbo suppression and the CKM matrix. Weak charged current quark vertices
Electroweak Unification: Neutral currents (Z0 boson). Electroweak Unification and the Glashow-Weinberg-Salam Model. Weak neutral current vertices. Summary of Standard Model vertices and drawing Feynman diagrams. Precision tests of the Standard Model at the Large Electron Positron collider (LEP).
The Standard Model and Beyond: The top quark. eutrino oscillations. The Higgs mechanism. The Large Hadron Collider (LHC). Supersymmetry.
Nuclear Physics

Basic Nuclear Properties: Stable nuclei. Binding energy. Nuclear mass (Semi-Empirical Mass Formula). Spin and parity. Nuclear size. Nuclear moments. NMR. Radioactivity and dating.  

The Nuclear Force : General features. The deuteron. Nucleon-nucleon scattering.

Nuclear Structure : Magic numbers, the Nuclear Shell Model and its predictions, excited states of nuclei (vibrations and rotations).

Nuclear Decay :  Radioactivity. α decay. β decay, Fermi theory of β decay. γ decay, Mössbauer effect.

Nuclear Fission and Fusion :  Nuclear fission. Reactors and bombs. Nuclear fusion. Nucleosynthesis. Solar Neutrinos.
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