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S Y L L A B U S

Course:  Nuclear Reactions
Lecturer: assoc. prof. Mariyan Bogomilov, PhD
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	

	
	Practical exercises (school internships)
	

	Total in-class work
	45

	Out-of-class work
	Library
	50


	
	Home work
	40

	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. 
	Participation in discussions in class
	10

	2. 
	Mid-term test examination
	20

	3. 
	Final exam
	70

	Outline of the course:

	The course is intended for the students in the following master programs at the Faculty of Physics: “Nuclear and Particle Physics” and “Nuclear Energy and Technology”. The course is useful also for the students in other master programs from “Physics” and “Medical Physics”. The present course is a follow-up to the basic courses in nuclear physics for all specialties at the Faculty of Physics.
This course describes the basics of physics of nuclear reactions at low and medium interaction energies. This area of contemporary fundamental and applied nuclear physics is not addressed in detail in the basic nuclear physics course and the theoretical and experimental nuclear physics courses. The course offers a well-balanced phenomenological and extended theoretical presentation. The methodological proximity to Atomic and Nuclear Physics courses is kept. The mathematical apparatus corresponds to the students training. Contemporary experimental methods for determination of main nuclear reactions characteristics are described: excitation functions, differential cross-sections, energetic spectra of reaction products. Schematic view of few well known models for nuclear reactions mechanism is given. 

The present course consists of three sections. The section “Elastic scattering” introduces basic terminology and approaches for description of elastic scattering processes and is preparatory for the next section “Inelastic scattering” which covers nuclear reaction. The third section “Accelerators” describes the physics of typical accelerators used in nuclear reactions studies.  


	Preliminary requirements:

	The students must have taken examinations in Atomic and Nuclear Physics and Quantum Mechanics courses. 


	Key competences acquired:

	After successful completion of the course the students will have detailed knowledge about physics of nuclear reaction needed in:

· Fundamental nuclear physics;

· Elementary particle physics;

· Professions which uses applications of accelerators for medical purposes;

· Studies in material sciences.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Scattering – elementary formulation, basic terminology: reaction, reaction yield, cross-section, differential cross-section, units, Coulomb scattering, Mott’s formula.
	2

	2
	Stationary approach for elastic scattering description.
	1

	3
	Partial waves, relation between elastic and reaction cross-sections, phase shift, scattering length, optical theorem.
	2

	4.
	Rectangular potential approximation, scattering length, effective interaction length.
	2

	5.
	Born approximation, Coulomb and rectangular potential, cross-section in the case of space distributed charge.
	2

	6.
	Scattering of heavy particles from heavy nuclei, Coulomb trajectory, Sommerfeld parameter, peripheral collision, central collision (reaction). 
	2

	7.
	Nuclear reactions, main types of reactions mechanisms.
	1

	8.
	Kinematics, reference systems, energetic dependencies, conservation laws.
	2

	9.
	Phase space method in reaction description, reciprocal reaction, detailed equilibrium theorem.
	2

	10.
	Resonances, energetic dependencies, resonance and potential scattering, Breit-Wigner formula.
	2

	11.
	Reaction with formation of compound nucleus, level density, inverse reaction cross-section, statistical model, Weisskopf-Ewing formula, angle distributions
	3

	12.
	Optical model, optical potential, surface and volume absorption.
	2

	13.
	Pre-equilibrium reactions, exciton model.
	3

	14.
	Direct reactions. DWBA method.
	3

	15.
	Heavy ions reactions, deep inelastic reactions.
	3

	16.
	Photonuclear reactions, bremsstrahlung studies.
	3

	17. 
	Direct action accelerators: electrostatic accelerators (neutron generator), Van de Graaff.
	1

	18.
	Cyclic accelerators with time-independent magnetic field: cyclotron, isochronous cyclotron, synchrocyclotron, microtron.
	2

	19.
	Cyclic accelerators with time-dependent magnetic field: synchrotron, betatron.
	2

	20.
	Linear accelerators of protons (ions) and electrons.
	1

	21.
	Main properties of the accelerated beam
	1

	22.
	Activation method, detectors, experimental determinations of cross-sections.
	1

	23.
	(Е-Е method, time-of-flight, magnetic analyzers, detectors and their properties. 
	3
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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. 






