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(2) LEARNING OUTCOMES

The course offers to the student the necessary knowledge for the understanding of basic concepts and
methods of particle physics, starting from the phenomenology of particle interactions and closing with
the completion of the modern picture for the nature of matter and its fundamental interactions, the
Standard Model. Upon completion of the course the student is able to:

* To handle easily the tools for computing cross sections, decay rates, and phase space of elementary
particles (fermion and boson basis states in cartesian and polar coordinates, algebra of Dirac matrices,
trace theorems and techniques, multidimensional phase space integrals).

* To apply the Feynman rules of fundamental interactions in “tree-level” Feynman diagrams (without
loops of virtual particles) and using them to extract the fundamental observables of elementary
particle reactions (cross sections or decay rates) at the lowest perturbative order.

* To know the effect of higher-order corrections (with loops of virtual particles) on the physical
characteristics of elementary particles and on the observables of particle reactions.

* To interpret qualitatively the results of advanced calculations of observables and how are these
compared to corresponding experimental results.

* To understand the purpose, conceptual design, requirements and results of elementary particle
physics experiments.

* To understand in depth the symmetries characterising the elementary particles of matter and their
interactions (space-time discrete and continuous symmetries, global and local gauge symmetries,
flavour symmetries), the breaking mechanism of continuous symmetries and their consequences.

* To understand in depth the questions left unanswered by the Standard Model.

The course aims at the following general competences:

* Search for, analysis and synthesis of data and information, with the use of the necessary
technology.

* Working independently.
* Analytical and synthetic thinking.
* Critical thinking.

* Problem solving.




(3) SYLLABUS

1. Review (4 hours)
* Klein-Gordon equation, Dirac equation. Antiparticles and spin. Algebra of Dirac matrices.
* Feynman diagrams and invariant amplitude of a physical process. Decays, scattering,
cross section. Phase space and its integration.
2. Leptons and Quantum Electrodynamics (10 hours)
* Interactions, gauge theories, “discovery” of electromagnetism.
* Electrodynamics of spinless particles: interaction of a pion with the electromagnetic field.
Feynman diagrams and rules, photon propagator.
* The scattering processes *K* - n*K*, n'n* - n'n*, m'n” - n'm.
* Electrodynamics of particles with spin: interaction of an electron with the
electromagnetic field. Feynman diagrams and rules.
* The processes e*e™ - p*u’, e'e” > e*e”, e’ u* - eu". Compton scattering.
3. Higher order corrections (4 hours)
* Qualitative analysis of charge and mass renormalisation. The “running” coupling
constant.
4. Hadrons and Quantum Chromodynamics (10 hours)
* Nucleon and meson phenomenology. Electron-proton scattering.
* Deep inelastic scattering. Parton model and structure functions. Scale evolution
equations and fragmentation functions.
* Colour and SU(3). Feynman diagrams and rules. Parton scattering, the processes qq >
qg, 9g = qg, gg —» gg. Drell-Yan process.
* Qualitative description of hadronic reactions.
5. Weak interactions (10 hours)
* Parity violation and V-A form of the weak current. Fermi model and weak decays of
leptons and hadrons.
* Modern picture via W boson exchange. Lepton flavour universality. B decay. Partially
conserved axial currents.
* Neutrino-quark scattering. Neutrino deep inelastic scattering. Weak currents. Elastic
neutrino-electron scattering.
6. The Standard Model (8 hours)
* Electroweak theory: SU(2)xU(1), W#, Z and y bosons.
* Spontaneous symmetry breaking, Nambu-Goldstone and Brout-Englert-Higgs
mechanisms.
* The complete Standard Model, physics of W and Z bosons. Production and decay of b and
t quarks. Discovery of the Higgs boson.
7. CP and CPT symmetries (4 hours)
* Heavy neutral meson mixing.
* Discovery of CP violation in neutral kaons. CP violation in other neutral mesons.
8. Masses of neutrinos (2 hours)
* Neutrino oscillations. Nature of neutrinos (Dirac/Majorana) and masses.




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Yes

Electronic communication with the students using ICT.
Computer-aided lectures, eclass platform

Lectures 52
Individual Study / 48
Study and Analysis of

bibliography /
Preparation
Projects 50

Course Total 150

4 individual projects written in greek or english on 4 topics of
the course (Quantum Electrodynamics, Quantum
Chromodynamics, weak interaction and discrete symmetries,
gauge theories and Standard Model)
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