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S Y L L A B U S

Course:  Nuclear structure

Lecturer: Prof.  Dr.habil.  Georgi Rainovski
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	0

	
	Practical exercises (school internships)
	15

	Total in-class work
	60

	Out-of-class work
	Independent studies – work with resources at libraries or on-line available reviews and data
	90

	Total out-of-class work
	90

	TOTAL ACADEMIC WORK
	150

	ECTS credits in-class work
	2.0

	ECTS credits out-of-class work
	3.0

	TOTAL ECTS CREDITS
	5.0

	№
	Grade components
	% of the grade

	1. 
	Performance in the practical exercises
	30%

	2. 
	Final exam
	70%

	Outline of the course:

	The course present the main accelerator-based experimental techniques used nowadays to study the structure of atomic nuclei. The main aim of the course is to demonstrate how the obtained experimental data is used for designing and refining the theoretical models of atomic nucleus. i.e. to make the relation between the experimental methods and results and the theoretical approaches in the contemporary nuclear physics.     


	Preliminary requirements:

	The course is for advance undergraduate students who have already covered the courses of Introductory nuclear physics. The course complements and can be taken in conjugation with the courses on Nuclear electronics, Theoretical nuclear physics, Dosimetry and radiation protection, Nuclear fission and Nuclear structure.


	Key competences acquired:

	· In-depth knowledge of experimental nuclear structure quantities;
· In-depth knowledge of main techniques and methods in accelerator based nuclear physics experiments;

· Good understanding of main theoretical approaches for modeling atomic nuclei;

· Computing skills related to handling and processing big data sets and simulating physic processes; 
· Basics ability to summarize and to present  results in scientific papers/reports;       


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Nuclear global properties. Abundance and limits of existence of nuclear matter: stable, radioactive and exotic nuclei. Nuclear forces. Deuteron. One-pion exchange potential.  
	3

	2
	Nuclear masses and binding energy. Experimental methods for nuclear mass measurements. Scattering experiments and nuclear form factor. Experimental determination of nuclear radii of exotic nuclei. Borromean structures. 
	3

	3
	Nuclear reactions for populating excited nuclear states. Reaction kinematics. Coulomb excitation reactions. Fusion-evaporation reactions. Estimation of reaction cross-sections.
	3

	4.
	γ – ray detectors and spectroscopy. Compton-suppressed γ-ray detectors. Coincidence method. γ-ray arrays. Resolving power.   
	3

	5.
	Methods for improving the resolving power. Photoefficiency. Segmented detectors and add-back procedure. Polarization measurements. 
	3

	6.
	Methods for reaction channel selection. γ-ray multiplicity and total energy measurements. Detection of light charge particles or neutrons. General design of contemporary in-beam γ-spectroscopy experiment.  
	3

	7.
	Experimental quantities determined in γ-spectroscopy experiments. Energy and efficiency calibration. Angular correlations and DCO.
	3

	8.
	Electromagnetic moments and transitions in atomic nuclei. Weisskopf units. Multipole and branching ratios. Internal conversion. 
	3

	9.
	Theoretical approaches in modeling atomic nuclei. Shell model, mean filed approximation and residual interaction. 
	3

	10.
	Excitations in spherical nuclei. Multiplets. Spherical shell model – modifications and tests.
	3

	11.
	Collective models – algebraic approach. Symmetries in atomic nuclei. Casten’s triangle. Phase transitions. Experimental verifications. 
	3

	12.
	Rotations and vibrations in deformed nuclei. Lund convention. Experimental indication for nuclear deformation. Shape coexistence. K-isomers. 
	3

	13.
	Cranking model – applications. Experimental derivation of rotational frequency and alignment. Harris parameters. Signature and signature splitting. Backbanding.  
	3

	14.
	Evolution of nuclear shape with angular momentum. Band termination. Superdeformation. 
	3

	15.
	Symmetries related the coupling of angular momenta to nuclear shapes. Magnetic and chiral rotations. 
	3

	
	Seminars/Practical exercises
	

	1
	Building levels schemes by analyzing coincidence data – matrix, cube, hypercube
	5

	2
	γ-ray energy and intensity measurements. Energy and efficiency calibration. 
	5

	3
	Spin-parity assignment of excited nuclear states. DCO and angular correlation analysis.
	5


Topics Covered on the Final Exam

	№
	Topic

	1
	Abundance and limits of existence of nuclear matter: stable, radioactive and exotic nuclei. Nuclear forces. 

	2
	Deuteron. One-pion exchange potential.  

	3
	Nuclear masses and binding energy. 

	4.
	Scattering experiments and nuclear form factor. 

	5.
	Experimental determination of nuclear radii of exotic nuclei. 

	6.
	Nuclear reactions for populating excited nuclear states. Reaction kinematics. 

	7.
	Coulomb excitation reactions. 

	8.
	Fusion-evaporation reactions.

	9.
	γ – ray detectors and spectroscopy. Compton-suppressed γ-ray detectors. 

	10.
	Coincidence method. γ-ray arrays. Resolving power.

	11.
	Methods for improving the resolving power. Photoefficiency. 

	12.
	Segmented detectors and add-back procedure. Polarization measurements.

	13.
	Methods for reaction channel selection. 

	14. 
	General design of contemporary in-beam γ-spectroscopy experiment.  

	15. 
	Experimental quantities determined in γ-spectroscopy experiments. 

	16.
	Angular correlations and DCO.

	17.
	Electromagnetic moments and transitions in atomic nuclei. 

	18.
	Shell model, mean filed approximation and residual interaction.

	19.
	Spherical shell model – modifications and tests.

	20.
	Collective models – algebraic approach. 

	21.
	Symmetries in atomic nuclei. 

	22.
	Phase transitions. Experimental verifications.

	23.
	Rotations and vibrations in deformed nuclei. 

	24.
	Experimental indication for nuclear deformation. Shape coexistence. K-isomers.

	25.
	Cranking model – applications. 

	26.
	Signature and signature splitting. Backbanding.

	27. 
	Evolution of nuclear shape with angular momentum. Band termination. 

	28.
	Superdeformation.

	29.
	Symmetries related the coupling of angular momenta to nuclear shapes. 

	30.
	Magnetic and chiral rotations.
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