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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	0

	
	Practical exercises (school internships)
	0

	Total in-class work
	

	Out-of-class work
	Talk/ Presentation
	30

	
	Individual work at the library and with different sources
	60

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	90

	TOTAL ACADEMIC WORK
	135

	ECTS credits in-class work
	1.5

	ECTS credits out-of-class work
	3.0

	TOTAL ECTS CREDITS
	4.5

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)

Workshops (work with literature, discussion of the talk)
	100

	2. 
	Final exam
	

	3. 
	
	

	4. 
	
	

	Outline of the course:

	The course is a natural extension and follow-up of the introductory course “Elementary Particle Physics”. It gives a detailed description of the basic interactions in the nature in the framework of Quantum field theory. The different types of the interaction symmetries are considered. The local (gauge) symmetries are explored in order to build field models of the fundamental interactions. The basics, predictions and open problems of the Quantum Chromodynamics - the theory of the strong interactions of the quarks are presented. A significant part of the material is devoted of the treatment of the electromagnetic and weak interactions in the framework of Glashow- Weinberg – Salam model. The results of the precise tests of its predictions are discussed.  The main open questions and unsolved problems together with future perspectives of the particle physics are considered.      


	Preliminary requirements:

	Students are expected to pass the introductory course “Elementary Particle Physics”, part of the bachelor degree program..


	Key competences acquired:

	Students will obtain basic knowledge of theoretical apparatus used for description of the elementary particles and their interactions. 


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Hierarchy and structure of the matter. Atoms, nuclei, quarks. Fundamental interactions and their carriers. Intensity and radius of action. 
	1

	2
	Kinematics of the elementary particles. Minkowski space-time, Lorentz transformations, relativistic invariants, effective mass. Types of experiments, laboratory system and Centre of mass system. Transitions between different types of coordinate systems. Energy and momentum conservation. Degrees of freedom. Natural system of units (ħ = c = 1.)
	2

	3
	S-matrix in interaction representation.  Shrodinger and Dirac presentation. S-matrix definition. Physics meaning. S-matrix series. Feynman diagrams.
	3

	4.
	Phase volume. Decay probability, cross-section.
	2

	5.
	Symmetries, invariance and conservation lows. Symmetries in quantum physics. Group theory elements: group, algebra, Lie groups, group repsentations. Casimir operators. 
	2

	6.
	Spacetime symmetries: continuous and discrete. Lorentz group. Poincare group.
	4

	7.
	Internal symmetries. U(1) symmetries – electric charge, barion and lepton numbers, strangeness, hypercharge. Isospin and SU(2).
	3

	8.
	Discrete symmetries, space and time discrete symmetries. Charge conjugation. G-parity
	2

	9.
	Local fields and Poincare transformations. Scalar field, vector field, spinor fields, Higher spin fields.
	2

	10.
	Neuter theorem. Examples: scalar, vector and spinor fields 
	2

	11.
	Quark – parton model: Lepton – nucleon scattering; Elastic scattering; Deep-inelastic scattering, structure functions; Parton model, scaling. Quark model: SU(3) – classification of the hadrons, quarks: Gel – Mann Nishidjima formula; c,b,t – quarks; Colour and quark confinement; Experimental evidences for existence of colour: πо→γγ,е+е-  - annihilation, hadron jets. Fundamental particles, leptons, quarks, quantum numbers, generations


	4

	12.
	Interactions of the fundamental particles: Interaction types; Local gauge invariance, electromagnetic field; Non abelian gauge invariance; Gauge fields
	3

	13.
	Strong interactions: Colour; Quantum Chromodynamics (QCD); SUc(3) local invariance, gluons; QCD Quantization, dimensional reduction; Renormalization of QCD; running constant, asymptotic freedom; Perturbative QCD; Deep inelastic scattering, structure functions, scaling violation; Chiral symmetry, Effective chiral Lagrangians; quark masses.
	5

	14.
	Weak interaction properties; lepton and quark currents, V-A model; Unification of weak and electromagnetic interactions; Weinberg- Glashow – Salam model; Spontaneous symmetry breaking, Brout – Engler -Higgs mechanism; W- and Z- bosons, Higgs boson; lepton and boson masses; quark mixing and Cabibbo – Cobaiashi – Maskawa (CKM) matrix; properties of the intermediate bosons; properties of the Higgs boson; Neutrino oscillations.
	8

	15.
	Precise test of the SM

	2


	Topics Covered on the Final Exam

№
	Topic

	1
	Hierarchy and structure of the matter. Atoms, nuclei, quarks. Fundamental interactions and their carriers. Intensity and radius of action.

	2
	Kinematics of the elementary particles.. Degrees of freedom. Natural system of units (ħ = c = 1.).

	3
	S-matrix in interaction representation.  Shrodinger and Dirac presentation. S-matrix definition. Physics meaning. S-matrix series. Feynman diagrams.

	4.
	Phase volume. Decay probability, cross-section.

	5.
	Symmetries, invariance and conservation lows. Group theory elements.

	6.
	Spacetime symmetries: continuous and discrete. Lorentz group. Poincare group.

	7.
	Internal symmetries. U(1) symmetries –additive quantum numbers. Isospin and SU(2).

	8.
	Discrete symmetries, space and time discrete symmetries. Charge conjugation. G-parity.

	9.
	Local fields and Poincare transformations. Scalar field, vector field, spinor fields, Higher spin fields.

	10.
	Neuter theorem. Examples: scalar, vector and spinor fields.

	11.
	Lepton – nucleon scattering; Elastic scattering; Deep-inelastic scattering, structure functions; Parton model, scaling. Quark model.

	12.
	SU(3) – classification of the hadrons, quarks: Gel – Mann Nishidjima formula; c,b,t – quarks.

	13. 
	Colour and quark confinement. Experimental evidences for existence of colour. Fundamental particles, leptons, quarks, quantum numbers, generations.

	14. 
	Interactions of the fundamental particles: Interaction types; Local gauge invariance, electromagnetic field; Non abelian gauge invariance; Gauge fields.

	15.
	Colour; Quantum Chromodynamics (QCD); SUc(3) local invariance, gluons.

	16.
	QCD Quantization, dimensional reduction; Renormalization of QCD; running constant, asymptotic freedom; Perturbative QCD.

	17.
	Deep inelastic scattering, structure functions, scaling violation.

	18.
	Chiral symmetry, Effective chiral Lagrangians; quark masses.

	19.
	Weak interaction properties; lepton and quark currents, V-A model

	20.
	 Spontaneous symmetry breaking, Brout – Engler -Higgs mechanism; W- and Z- bosons, Higgs boson; lepton and boson masses.

	21.
	Quark mixing and Cabibbo – Cobaiashi – Maskawa (CKM) matrix; properties of the intermediate bosons; properties of the Higgs boson.

	22.
	Neutrino oscillations.

	23.
	Precise test of the SM.
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�	 Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 






