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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	

	
	Practical exercises (school internships)
	

	Total in-class work
	45

	Out-of-class work
	Essay
	25

	
	Presentation
	5

	
	Work in Library                                                                                
	45

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	75

	TOTAL ACADEMIC WORK
	120

	ECTS credits in-class work
	1,5

	ECTS credits out-of-class work
	2,5

	TOTAL ECTS CREDITS
	4

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	20

	2. 
	Eaasy
	60

	
	Exam
	                         20

	3. 
	
	

	Outline of the course:

	The goals of String theory is a complete description of physical reality - at least at the level of fundamental particles, interactions, and perhaps space-time itself. In principle, once the

fundamental theory is fully known, one could derive relativity and quantum theory

as low-energy limits to strings. 

The lecture course is intended to  highlight fundamental features of the theory as a candidate for unification of all fundamental interactions and give firm basis for String theory course for master degree curriculum. We will discuss  the fundamental questions as how does

string theory generalize standard quantum field theory? How string theory combine general relativity and quantum theory into a single unified framework? In what sense spacetime emerges from something deeper if string theory is correct?

The course covers basic physical and mathematical structures allowing to introduce the field and initial technical skills needed for further independent work. This includes the generalization of the concept of a point particle to an object with a non-trivial spatial dimension, its physical and mathematical justification, dimensional and target space symmetries of the theory, as well as the relations to fundamental interactions. Subject of the first part of the course are quantum field theories on string worldsheet. This part includes elements of the theory of representations of infinite-dimensional Lie algebras (Virasoro and Kac-Moody algebras and their supersymmetric extensions) as well as the initial information from the theory of Riemann surfaces needed for the construction of superstring theory.

The second part of the course includes elements of spacetime structures of the theory and methods for description of physical processes in such spaces. Subject of study are calculation of correlation functions and other physical observable characteristics.


	Preliminary requirements:

	Compulsory requirements:

1. Quantum mechanics – the standard course

2. Quantum Field Theory – the standard course

3. Mthematical Methods in Physics

All the courses in Theoretical Physics will be helpful to comprehensively follow the material. 

A basic knowledge on on the following topics is desirable:

1. Basics in Gauge Fields

2. Differential Geometry

3. Group theory and representations

4. Lie algebras and their representations




	Key competences acquired:

	After the course, the students will acquire wide range of skills to solve numerous theoretical, mathematical and experimental problems. The students should be able to:
a) solve problems associated with the current material;
 b) prepare a paper on a pre-selected topic; preparation of a presentation;
 c) scientific review with a research component;
 d) work with literature  provided by the teacher (or in the library) for preparation of a review, essay or current problems from the lectures.


Lessons plan 
	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Point particle in General Relativity and higher dimensional objects in arbitrary dimensions. World line and world sheet
	2

	2
	Elementary concept for String theory
	3

	3
	Open and Closed bosonic string. Embedding coordinates as fields on the worldsheet. Nambu-Goto and Polyakov string. Conformal anomaly
	3

	4.
	Conformal field theories on the worldsheet. Heisenberg algebra. Virasoro algebra.
	5

	5.
	Element of the representation theory of the Virasoro algebra. Verma modules.
	3

	6.
	Kac-Moody algebras. Representations.
	3

	7.
	Operators, vertex operators and notion of vertex algebras
	3

	8.
	Bosonic string spectrum. State-operator correspondence
	3

	9.
	Two-dimensional supersymmetry (SUSY). Neveu-Schewarz and Ramond superstring. Main properties. Poyakov formulation.
	2

	10.
	Space-time SUSY. Green-Schwarz superstring.
	3

	11.
	Worldsheet and spacetime SUSY consistency. Equantions for the background. 
	3

	12.
	Notion of Dp-branes. Solutions for the metric.
	3

	13.
	Gauge fields on the D-branes
	3

	14.
	Four dimensional string models: AdS/CFT correspondence.
	4

	15.
	Contemporary status of the theory: achievements and challenges.
	2

	
	Seminars/Practical exercises
	

	1
	
	


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. 






