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	Discipline’s code
	Discipline’s title
	Type
	No. of hours per week
	Number of credits
	ECTS

	
	
	
	Lect.
	Pract.
	Lab.
	
	

	VFAYaECH 3423
	Introduction to the physics of the atomic nucleus and elementary particles

	BC 
	2
	1
	0
	3
	5


	Lecturer   
	Zazulin Denis Mikhailovich, candidate of phys-math science, senior research worker
	11:00-12:50
	Saturday

	e-mail
	E-mail: denis_zazulin@mail.ru
	
	

	Telephones
	Telephone:  87773873936
	327
	

	Assistant   
	
	
	

	e-mail
	
	
	

	Telephones
	
	
	


	Academic presentation of the course
	Type of course: educational course “Introduction to the physics of the atomic nucleus and elementary particles” is a basic theoretical course in the Bachelor's degree program on specialty of “5B060500 – Nuclear physics”.
The aim of the course: is familiarity with the basic mathematical language that is used to describe and analyze the physics of elementary particles. The goal of this course is to provide a concise, step-by-step introduction to this subject, one that covers all the key concepts that are needed to understand the quantum field theory, and some of its proposed extensions.
The aim of the course:  to form a system of competences in the context of Bachelor's qualification requirements: (
А) cognitive: be able to 

· demonstrate acquired knowledge (in field of “Introduction to the physics of the atomic nucleus and elementary particles”) and it’s understanding; 

· demonstrate an understanding of the overall structure of the study field and the relations between its elements (bosons, fermions, various transformation properties of particles’ wave functions, etc.); 

Б) functional: be able to

· include new knowledge in the context of basic  knowledge, interpret its contents;

· analyze educational situation and offer direction to solve it; 

· use methods (research, calculation, analysis, etc.) inherent to the field of study the course of “Introduction to the physics of the atomic nucleus and elementary particles” individually or in a group teaching and research activities; ((
 В) systemic: be able to

· synthesize, interpret and evaluate the learning outcomes of discipline;

· analyze dynamics of scientific problems decision of the course (scientific reviews of  specific issues researches);

· make an analysis of learning outcomes of the course, generalize them through scientific essays, presentations, reviews, scientific review, etc.); 

Г) Social: be able to 

· constructive educational and social interaction and cooperation in the group;

· propose to consider a problem, to reason its importance;

· accept criticism and to criticize; 

· work in a team;

Д) metacompetenсes: be able to

· recognize the role of taken course in the implementation of individual learning paths.

( The system of descriptor verbs must be used during the formation of competences (Look in Application 2)

(( Active and interactive methods is recommended to ensure deeper understanding and learning of educational material and to achieve learning outcomes of the course (individual researches, group projects, case studies and other methods). 

	Prerequisites 
	Before learning course of "Introduction to the physics of the atomic nucleus and elementary particles" the student should acquire the following subjects: “Electrodynamics”, "Green's function method", "Quantum mechanics" and "The theory of groups".

	References and Resources
	1. L.D. Landau, E.M. Lifshitz. Quantum electrodynamics. M.2002 y.

2. V.A. Rubakov. Classical gauge fields. M. 1999 y.
3. T.P. Cheng and L.F. Li. Gauge theory of elementary particle physics.Oxford 1983 y.
4. N.N. Bogolyubov, D.V. Shirkov. Introduction to quantum field theory. M. 1984 y.

5. R.P. Feynman, A.R. Hibbs. Quantum mechanics and path integrals. Emended edition 2010y.

6. M. Peskin and D. Schroeder. An introduction to quantum field theory. Addison-Wesley Publishing Company, 1995 y.
7. M. Srednicki. Quantum field theory.  Cambridge.2006 y.
All is available in electronic form in djvu format in English and (or) in Russian.

	Academic policy of the course in the context of university moral and ethical values
	Academic Behaviour Rules:
Compulsory attendance in the classroom, the impermissibility of  late attendance. Without advance notice of absence and undue tardiness to the teacher is estimated at 0 points.

Submission of assignments (Independent work of students, midterm control, laboratory tasks, projects and etc.) prior to the deadlines.  The violation of submission deadlines leads to the deduction of penalty points.

Academic values:
Academic honesty and integrity: independent performance of assignments; inadmissibility of plagiarism, forgery, cheating at all stages of the knowledge control, and disrespectful attitude towards teachers. (The code of KazNU Student’s honor)
Students with disabilities may receive advice via denis_zazulin@mail.ru E- address, phone 87773873936.

	Evaluation and attestation policy
	Criteria-based evaluation: assessment of learning outcomes in correlation with descriptors (verification of competence formation during midterm control and examinations).
Summative evaluation: evaluation of the presence and activity of the work in the classroom; assessment of the assignment, independent work of students, (project / case study / program / ...)
The formula for calculating the final grade.

	Calendar (schedule) the implementation of the course content (Appendix 1)
	Weekly description of lecture topics, practical / seminar / laboratory / project work , assignments for independent work of students; an indication of the topic scope and grading scheme, including an assessment of the control task.
Summary and analysis of the curriculum content after the first half of the semester (midterm control 1) in the form of a scientific essay / system-oriented analysis of scientific issues of studied topics / presentation of individual case studies / evaluation of personal contribution to the development of a group project assignment, and others.


Lecturer________________

Head of the Chair__________________

Chairman of the Faculty Methodical Bureau________________________

APPENDIX 1
Calendar (schedule) the implementation of the course content
Calendar (schedule) the implementation of the course content:
	Week / date
	Topic title (lectures, practical classes, Independent work of students)
	Number of hours
	Maximum score

	1
	2
	3
	5

	1
	Lecture 1. The chronological product.
Practical class 1. Feynman diagrams for electron scattering.
	2
1
	5
5

	2
	Lecture 2. The electron propagator.
Practical class 2. General rules of the diagram technique.
	2
1
	5
5

	3
	Lecture 3. Crossing invariance. Virtual particles.
Practical class 3. Breit's equation. Emission of soft photons in collisions.
Independent work of student with teacher: Assignment submission 1. 

«Theme and form of the assignment» Field operators in the Heisenberg representation. To prepare in the oral form and form of a report.
	2
1

1
	5
5

10

	4
	Lecture 4. The exact photon propagator. The self-energy function of the photon.
Practical class 4. The exact electron propagator.
	2
1
	5
5

	5
	Lecture 5. Dyson's equations. Ward's identity.
Practical class 5. Electron propagators in an external field.
Independent work of student with teacher: Assignment submission 2. 

«Theme and form of the assignment» Physical conditions for renormalization. To prepare in the oral form and form of a report.
	2
1

1
	5
5

10

	6
	Lecture 6. Analytical properties of photon propagators.
Practical class 6. Regularization of Feynman integrals.
	2
1
	5
5

	7
	Lecture 7. Radiative corrections to Coulomb's law.
Practical class 7. Calculation of the imaginary part of the polarization operator from the Feynman integral.
Independent work of student with teacher: Assignment submission 3. 

«Theme and form of the assignment» Electromagnetic form factors of the electron. Calculation of electron form factors. To prepare in the oral form and form of a report.
	2

1

1
	5

5

10

	
	Boundary control
	
	100

	8
	Midterm exam
	
	100

	8
	Lecture 8. Anomalous magnetic moment of the electron.
Practical class 8. Calculation of the mass operator.
	2
1
	5
5

	9
	Lecture 9. Electron scattering in an external field in the second Born approximation.
Practical class 9. Radiative corrections to electron scattering in an external field.
Independent work of student with teacher: Assignment submission 4. 

«Theme and form of the assignment» The relativistic equation for bound states. To prepare in the oral form and form of a report.
	2
1

1
	5
5

5

	10
	Lecture 10. The double dispersion relation.
Practical class 10. Photon-photon scattering.
	2
1
	5
5

	11
	Lecture 11. Radiative corrections to the electromagnetic field equations.
Practical class 11. Photon splitting in a magnetic field.
Independent work of student with teacher: Assignment submission 5. 

«Theme and form of the assignment» Asymptotic form of the photon propagator for large momenta. To prepare in the oral form and form of a report.
	2
1

1
	5
5

5

	12
	Lecture 12. The relation between unrenormalized and actual charges.
Practical class 12. Asymptotic form of the scattering amplitudes at high energies.
	2
1
	5
5

	13
	Lecture 13. Introduction to path integral formalism.
Practical class 13. Fermion field quantization.
Independent work of student with teacher: Assignment submission 6. 

«Theme and form of the assignment» Conventional renormalization in λφ4 theory. To prepare in the oral form and form of a report.
	2
1

1
	5
5

5

	14
	Lecture 14. BPH renormalization in λφ4 theory.
Practical class 14. Regularization schemes.
	2
1
	5
5

	15
	Lecture 15. Momentum subtraction schemes and the Callan-Symanzik equation.
Practical class 15. The minimal subtraction scheme and its renormalization-group equation.
Independent work of student with teacher: Assignment submission 7. 

«Theme and form of the assignment» Effective coupling constants. To prepare in the oral form and form of a report.
	2

1

1
	5

5

5

	
	Boundary control
	
	100

	Independent work of students with teacher is 7 hours for semester. 3, 5, 7, 9, 11, 13 and 15 weeks are included into syllabus (assignment submission) 



APPENDIX 2

DESCRIPTION 
of the expected learning outcomes as the system of formed competences 

 (on the Dublin descriptors).

А) a short summary of the competence content, B) verbs to formulate the content of competence in the discipline, identify methods, techniques, types of tasks, aimed at the formation of these competencies; define the typology of examination tasks and questions are given in brackets. 
Cognitive competence:
Knowledge. [А) memorization and reproduction of learned material – from the specific facts to a complete theory; B) know, organize, identify, repeat, fill in the tables, remember, name, organize, recognize, relate, recall, repeat, reproduce; make a list, select, tell, show.] 
Understanding. [А) the ability to convert material from one form of expression - into another, interpret information, to express assumption about the future course of occurances, events; B) classify, describe, identify characteristics, discuss, explain, express, certify, find, recognize, report, restate, review, select, translate.]  

Functional competence:

Application. [А) ability to apply learned material in specific circumstances and new situations; B) apply, choose, demonstrate, dramatize, illustrate, interpret, operate, practice, develop a schedule / sketch, solve, use, write.]
Analysis. [А) the ability to separate parts of the integrity; identify the relationship between them; define the organization principles of the integrity; carry out a distinction between facts and consequences; evaluate the importance of the data;  B) analyze, evaluate, calculate, classify, compare, criticize, differentiate, differ, distinguish, examine, experiment, reveal the similarities and differences, clarify the parameters, check.] 

System competence:

Synthesis. [ А) the ability to combine elements to get integrity with novelty, (essay, presentation, report, project, case, quest, and others.); B) organize, gather, collect, compile, build, create, develop, formulate, prove point of view, manage, organize, plan, predict, prepare, propose, create, write.] 

Evaluation. [А) ability to assess the value of one or another particular material, the logic of information, construction of the text, compliance with conclusions, importance of activity outcome;  B) evaluate, discuss, pertain, choose, compare, defend, evaluate, judge, predict, select, maintain, defend a point of view, prove, predict, submit argument.] 

Social competence:

Willingness to cooperate: A) to provide with information, ideas, problems and solutions, work in a team; B) to formulate (problem, purpose, objectives, conclusions, conditions, etc.); to define (requirements, criteria, guidelines); make decisions and report them to make conclusions, give argumentation, to justify, to insist, to persuade, etc..
Metacompetence: 

Skills in the field education. [A) to develop skills essential to continue education with a high degree of autonomy; B)  Being able to reflection, objective evaluation of their achievements; realize necessity of new competencies; identify areas for further personal and professional development, and others. ]
