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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
	25

	
	Home work
	20

	Total out-of-class work
	45

	TOTAL ACADEMIC WORK
	90

	ECTS credits in-class work
	1.5

	ECTS credits out-of-class work
	1.5

	TOTAL ECTS CREDITS
	3.0


	№
	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 compulsory for the students in the Nuclear and Particle Physics bachelor degree program at the Faculty of Physics. The present course is complementary to the basic training in nuclear physics. Thorough understanding of nuclear reaction physics is needed in fundamental studies in nuclear and particle physics. 
This course describes the basics of physics of nuclear reactions at low interaction energies, i.e. energies below pion production threshold. This area of contemporary fundamental and applied nuclear physics is not addressed in detail in the basic nuclear physics course and in the theoretical and experimental nuclear physics courses. The course is experimentally oriented and its content provides a well-balanced phenomenological and extended theoretical presentation. For each topic the necessary theoretical terminology and results are introduced and then critically analyzed with experimental data. 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 two 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 reactions. 


	Preliminary requirements:

	The students must have taken examinations in “Atomic Physics” and “Quantum Mechanics”. 


	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 use 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.
	1

	2
	Scattering from Coulomb potential. Differential and total cross-section for:

· Rutherford scattering;

· Scattering from a rigid sphere;
· Spin effect, Mott’s formula for electron scattering.
	2

	3
	Elastic scattering:

· Definition of the problem;

· Stationary approach, spherical and plane waves;

· Relationship between scattering amplitude and cross-section.
	2

	4
	Cross-section determination via partial waves expansions:

· Elastic scattering cross-section;

· Reaction cross-section in Coulomb and nuclear potential;

· Relation between elastic and reaction cross-sections.
	2

	5
	Cross-section determination via phase shift method:

· Scattering length;

· Optical theorem;
· Neutron s-waves approximation.
	2

	6
	Cross-sections calculations for rectangular potential and s- waves:

· Wave function in and out of potential;

· Relationship between differential cross-section and phase shift;

· Resonance and potential scattering;
· Conclusion about realistic potential based on measured angular distributions and calculated phase shifts.

· Approximation, scattering length, effective interaction length.
	3

	7
	Scattering length. Scattering length calculation at low energies. Total cross-sections based on scattering length for:

· Strong attractive potential;

· Attractive potential;

· Repulsive potential;

· Cross-section determined by effective scattering length.
	2

	8
	Born approximation:
· Definition;

· Transition probability;

· Amplitude and differential cross-section in plane wave and central potential approximation;
· Application in Coulomb scattering.
	3

	9
	Born approximation for elastic scattering:
· Electron scattering off a nucleus, form-factors;
· Scattering off rectangular potential;
· Diffraction patterns in differential cross-section.
	2

	10
	Elastic scattering of heavy particles from heavy nuclei:

· Classical trajectories in Coulomb potential;

· Sommerfeld parameter;

· Deflection function;

· Peripheral collision;

· relation between  the Sommerfeld parameter and the scattering angle.
	2

	11
	Diffractive effects in differential cross-sections of heavy particles scattering. Identical particles scattering:
· Fraunhofer diffraction;

· Frensel diffraction.
	2

	12
	Nuclear reactions, general types and reaction mechanisms:

· Channel, channel spin;

· Excitation function;

· Direct reactions;

· Reaction with formation of compound nucleus;

· Pre-equilibrium reactions.
	2

	13
	Kinematics, reference systems, conservation laws, energetic dependencies:
· Relation between laboratory system and center-of-mass system;

· Q-value of a reaction;

· Reaction threshold;
	2

	14
	Inverse reaction (reciprocity theorem):

· Matrix element and density levels in phase space;

· Transition probability;

· Condition for inverse reactions;

· Main reactions cross-sections as a function of projectile velocity.
	2

	15
	Resonances, resonance and potential scattering, widths, cross-sections, Breit-Wigner formula:
· Logarithmic derivative, wave function boundary conditions;

· Cross-sections for resonance and potential scattering;

· Total reaction cross-section (Breit-Wigner formula).
	3

	16
	Reaction with formation of compound nucleus:

· Width and life time of compound states;

· Cross-sections for formation and decay of a compound nucleus;

· Transmission coefficients;

· Hauser-Feshbach method for reaction cross-section calculation with compound nucleus formation. 
	2

	17
	Statistical model:

· Spectra of emitted particles;

· Statistical hypothesis, evaporation spectrum;
· Level density;

· Inverse reaction cross-section;

· Weisskopf-Ewing formula;

· Pre-equilibrium emission.
	2

	18
	Optical model:

· Optical potential;

· Potential and compound-elastic scattering;

· Real and imaginary part of optical potential, surface and volume absorption;
· Typical values of optical potential parameters.
	3

	19
	Direct reactions:

· Reactions with capture and striping of nucleons;

· Main properties of observed variables;

· Elementary description of direct reactions;

· Distorted Wave Born Approximation (DWBA) method;
· General assumptions;

· Spectroscopic and kinematical factors, cross-sections.
	3

	20
	Heavy ions reactions:

· Properties, possible trajectories, transferred orbital momentum;

· Heavy ions fusion reactions;

· Decay channels of compound system;

· Deep inelastic scattering.
	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. 






