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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 continuation of the course “\standard Model of the electroweak and strong interactions”. The goal is to introduce the students in the models of elementary particles trying to solve the problems of the Standard Model and to give a unified description of all interactions. The main problems of the Standard Model are considered. The models giving a unified description of electromagnetic, weak and strong interactions are discussed. The basics of the supersymmetric extensions of the Standard Model are introduced. The ongoing and planned experiments testing their predictions are discussed at extend.  The models with extra space-time dimensions are described. Special attention is devoted to the String models. An overview of basic problems and directions of development of Elementary particle physics is given.     

.



	   


	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
	Standard Model of electroweak and strong interactions. 
Fundamental particles and interactions. Quantum chromodynamics. SUL (2) x UY (1) gauge symmetry. Spontaneous symmetry breaking, Higgs mechanism. Fermion masses and quark mixing.
	6

	2
	Problems of the Standard Model
Interaction constants, masses and quark mixing. Nature of the spontaneous symmetry breaking. Fine tuning. Unification with gravity.
	2

	3
	Grand Unification
Running interaction constant. SU(5) - model. Charge quantization. Weinberg angle, Barion number violation. Fermion masses relations. SO(10) – model. Neutrino masses. Fermion mixing, fermion masses. Froggatt – Nielsen scenario. Fine tuning.


	9

	4.
	Problems of the Standard Model
Cosmological constant. Strong CP – violation. Mass hierarchy. Technicolor.
	3

	5.
	Supersymmetry
Superalgebra. Irreducible representations and super multiplets. Superspaces and superfields. Supersymmetric extensions of the SM.

	4

	6.
	Minimal Supersymmetric Extension of the SM
Material fields, Gauge interactions. Mass terms. R-parity. Soft supersymmetry breaking. Mass spectrum. Neutralino and Chargino. S-quarks and S-leptons.
	6

	7.
	Spontaneous supersymmetry breaking
Gravity induced breaking. Gauge induced breaking.
	2

	8.
	Experimental test of the Supersymmetric models predictions.
Experimental status. Experiments at Hadron Colliders. Supersymmetry at LHC.
	3

	9.
	Extra dimensions
Kaluza - Klein compactification. Large extra dimensions. Quarks and leptons in the extra dimensions. Signatures for extra dimensions. Randall - Sundrom model.
	4

	10.
	String models
Open and closed strings. Superstrings. D-branes. M-theory. Low energy string models.
	3

	11.
	Search for physics beyond the SM
	3


Topics Covered on the Final Exam

	№
	Topic

	1
	Standard Мodel of electroweak and strong interactions.

 Fundamental particles and interactions. Quantum chromodynamics. SUL (2) x UY (1) gauge symmetry. Spontaneous symmetry breaking, Higgs mechanism. Fermion masses and quark mixing.

	2
	Problems of the Standard Model

Interaction constants, masses and quark mixing. Reason for the spontaneous symmetry breaking. Fine tuning. Unification with gravity.

	3
	Grand Unification

Running interaction constant. SU(5) - model. Charge quantization. Weinberg angle, Barion number violation. Fermion masses relations. SO(10) – model. Neutrino masses. Fermion mixing and fermion masses. Froggatt – Nielsen scenario. Fine tuning.


	4.
	Problems of the Standard Model

Cosmological constant. Strong CP – violation. Mass hierarchy. Technicolor.

	5.
	Supersymmetry

Superalgebra. Irreducible representations and super multiplets. Superspaces and superfields. Supersymmetric extensions of the SM.


	6.
	Minimal Supersymmetric Extension of the SM

Material fields, Gauge interactions. Mass terms. R-parity. Soft supersymmetry breaking. Mass spectrum. Neutralino and Chargino. S-quarks and S-leptons.

	7.
	Spontaneous supersymmetry breaking

Gravity induced breaking. Gauge induced breaking.

	8.
	Experimental test of the predictions of the Supersymmetric models.

Experimental status. Experiments at Hadron Colliders. Supersymmetry at LHC.

	9.
	Extra dimensions

Kaluza - Klein compactification. Large extra dimensions. Quarks and leptons in the extra dimensions. Signatures for extra dimensions. Randall - Sundrom model.

	10.
	String models

Open and closed strings. Superstrings. D-branes. M-theory. Low energy string models.

	11.
	Search for physics beyond 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. 





