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(1) GENERAL
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Specialised
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(2) LEARNING OUTCOMES

The course provides the student with basic knowledge on the properties and interactions of
elementary particles. Upon the completion of the course, the student is able to:

e Know the elementary particles that compose the natural world, their properties (quantum
numbers, masses) and interactions.

e Understand the theoretical basis of the classification of elementary particles through
fundamental symmetries.

e  Be familiar with the experimental processes for the detection and study of the properties
of elementary particles (accelerators, detectors).

e Know basic elements of relativistic quantum mechanics (Klein-Gordon and Dirac equations)
and their predictions for the properties of the particles that they describe (spin,
antiparticles, interaction with the electromagnetic field).

e Handle the formalism for the calculation of production probabilities and distributions of
particles in collision experiments (differential cross section).

e Calculate the cross section for simple processes of electromagnetic scattering.

e Know the main properties of the weak interaction (parity violation), as well as the
experiments through which they have been determined.

e Understand the basic elements of the theory of the weak interaction and its carriers, as
well as the phenomenological consequences for particle production, scattering and decay.

The course aims at the following general competences

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

e Decision-making

e  Working independently

e Analytical and synthetic thinking

e  Critical thinking

e  Problem solving




(3) SYLLABUS

e Introduction: Natural units. Review of elementary particles and interactions. (1 week)

e Experimental devices: Kinematics. Particle accelerators. Particle Detectors. (1 week)

e Symmetries in particle physics: Groups SU(2) of spin and isospin, SU(3) of flavor and color.
Symmetries C kat P. Representations of SU(3), classification of mesons and baryons,
magnetic moments of baryons. (2 weeks)

e Relativistic Quantum Mechanics: Klein-Gordon equation. Dirac equation. Free-particle
solutions. Antiparticles. Massless fermions. (2 weeks)

e Scattering: Non-relativistic scattering theory, Fermi's golden rule. Spinless electron in
electromagnetic field, electron-muon scattering. Feynman diagrams, scattering amplitude,
cross section. Electron with spin in electromagnetic filed, Moller scattering. (3 weeks)

e Weak interactions: Fermi's theory of B-decay. Parity violation, the Wu experiment.
Unification of electromagnetic and weak interactions, W and Z bosons. Muon and pion
decay. Cabibbo angle, CKM matrix. CP violation. (3 weeks)

e Neutrino physics: Neutrino masses. Neutrino oscillations. (1 week)




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Yes

Communication with the students using ICT (Information
and Communications Technology)

Computer-aided lectures, use of Overhead Projectors
eclass platform

Lectures 36
Exercises 16
Individual study/ problem 98
solving/ analysis of

bibliography

Course Total 150

Final written exam in Greek




(5) ATTACHED BIBLIOGRAPHY

e  M.Peskin, Concepts of Elementary Particle Physics, Greek translation

e D. Perkins, Introduction to High Energy Physics, Greek translation

e A Bettini: Introduction to Elementary Particle Physics, Greek translation
e B.R. Martin and G. Shaw: Particle Physics, Greek translation

e F.Halzen and A. Martin : Quarks and Leptons

e Notes by the instructors




