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Nuclear and Particle Physics
S Y L L A B U S
Course: 
Supersymmetry, Supergravity and models of interacting systems

Lecturer:  Prof. Dr. Habil. R. C. Rashkov
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	0

	
	Practical exercises (school internships)
	

	Total in-class work
	45

	Out-of-class work
	Essay
	35

	
	Report/Presentation
	5

	
	Library 
	50

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	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)
	15%

	2. 
	Essay
	50%

	
	A coarse project
	35%

	3. 
	
	

	Outline of the course:

	Goals:
The supersymmetry is a new type of symmetry which is actively developed over the last decades. It appeared for the first time in the dual resonance scatteriing models. The latter has led to the Superstring description of the strong interactions and Supergravity. The main feature of the super symmetry is that it relates the bosons and fermions, objects having differentt statistics. Higher symmetries in the scatteriing theory leads to essentially improved theory with certain divergency cancellations. On ther hand this allows to formulate renormalizable models of elementary particle interactions. These features of the supersymmetry make it natural element of the unified description of the all particles and their intercartions. There have also been spectacular discoveries in astrophysics and cosmology i which suersymmetry plays subtantal role.
The purpose of these lectures are as follows:
1. To give the basic mathematical background of the sypersymmetry, namely, the graded Lie algebras and their representations;
2. To describe the transfromation properties of the fields (superfields)
3. To study perturbative and non-perturbative methods in supersymmetryc models;
4. Applications of supersymmetry algebras in building supersymmetric models of interacting particles;
5. Special attention will be paid to the supersymmetric deformations anfd their applicatyions to certain exactly solvable models;
            Individual work:
            The topics of the course gives owners the opportunity to work independently varied in a wide area. For independent work the students are offered four areas:
      a) solving problems associated with the current material;
        b) preparing a paper on a pre-selected topic; preparation of a presentation;
        c) review of a selected topic with a research component;
       d) work with a literature provided by the teacher (or library) for preparation of the essay, review project or ongoing tasks from the lectures.



	Preliminary requirements:

	 To succesfully learn the course matter, the following preliminary knowledge is required:
1. Quantum Mechanics - The volume of standard courses in the Faculty;
2. Quantum field theory - the volume of a standard course in the Faculty;
3. Mathematical methods of physics.
Basic knowledge of:
- Basic concepts of the theory of gauge  fields;
- Differential geometry;
- Group theory and representations;
- Quantum statistics.


	Key competences acquired:

	After taking the exam, students are expected to:
1. Be able to freely deal with the scientific literature on issues related to supersymmetry;
2. Be able to apply the perturbation theory to important supersymmetric quantum field models;
3. To apply the scattering theory to supersymmetric theories of particles;
4. To gain knowledge of contemporary modifications supersymmetric standard model.


Lessons plan 
	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Theoretical justification of supersymmetry:
a. from symmetry to supersymmetry
b. supersymmetric phenomenology
	4

	2
	Basic mathematical concepts of the superalgebras theory:
a. superspace, grassmanian algebras
b. Superalgebras classification, methods for constructing  representations
	4

	3
	Space-time supersymmetry:
a. Poincare supersymmetry
b. conformal supersymmetry, Virasoro superalgebra
	5

	4.
	Extended supersymmetry:
a.Supersymmetry transformations of the fields in the case of extended supersymmetry
b.supermultiplets
	4

	5.
	Representations of supersymmetry:
a.representations in component fields
b.representations realized as quantum fields
v.scalar multiplets
g.vector multiplets
	7

	6.
	Supersymmetric lagrangians:
a. supersymmetric quantum electrodynamics
b. Supersymmetric gauge models
	4

	7.
	Supersymmetric models:
a. Wess-Zumino model
b.supersymmetric monopols
	4

	8.
	Spontaneous supersymmetry breaking:
a. Criteria for spontaneous symmetry breaking
b. O'Raifertagh model
v. Fayet models
	5

	9.
	Supersymmetric models of unification -
Minimal supersymmetric standard model
	5

	10.
	Local and nonlocal supersymmetric theories:
a. deformed superalgebras, Yang-Baxterequations
b. towards superstring models.
	3


Topics Covered on the Final Exam

	№
	Topic

	1
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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. 






