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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	

	
	Practical exercises (school internships)
	

	Total in-class work
	

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

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	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. 
	In-class participation in discussions
	40

	2. 
	Mid-term examination (test/project)
	40

	3. 
	Final exam
	20

	4. 
	
	

	Outline of the course:

	The course is oriented towards students at a Graduate level – Particle physics and Theoretical physics. The goal of the course is to introduce the students to theoretical models of the atomic nucleus that are commonly applied to problems such as Nuclear structure and Nuclear fission,  as well as more advanced topics like restoration of broken symmetry. 


	Preliminary requirements:

	The course is an extension to the basic course of Theoretical nuclear physics from the Bachelor program. Prerequisite knowledge of quantum mechanics, electrodynamics and particle physics is required. 


	Key competences acquired:

	The students are expected to acquire deeper and systematized knowledge of the theoretical aspects of describing the atomic nuclear system.


Lessons plan 
	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Basic concepts of nuclear modeling
	3

	2
	Electromagnetic transitions and multiple moments
	6

	3
	Energy of deformed nuclear shapes. Shell corrections method
	3

	4.
	Generalized rotational model. Particle-rotor model. Moments of inertia.
	3

	5.
	Generalized single-particle model. Hartree-Fock-Bogolyubov theory (HFB)
	6

	6.
	Self-consistent Cranked Shell Model. Moments of inertia
	6

	7.
	Generator coordinate method (GCM)
	6

	8.
	Restoration of broken symmetry
	6

	9.
	Time-dependent Hartree-Fock method; adiabatic approximation (TDHF-ATDHF). Heavy ion reactions - introduction
	6


Topics Covered on the Final Exam
	№
	Topic

	1
	Nuclear modeling

	2
	Electromagnetic moments of the nuclear system

	3
	Electromagnetic transitions in the nuclear system. Transition rules.

	4.
	Energy of deformed shapes. Shell corrections.

	5.
	Generalized Bohr Hamiltonian. Particle-rotor Model. Moments of inertia

	6.
	Generalized single-particle model. Bogolyubov transformation and quasiparticles

	7.
	Hartree-Fock-Bogolyubov equations; derivation

	8.
	Self-consistent Cranked-Shell Model (CSM)

	9.
	Applicatiocn of CSM to description of rotational bands

	10.
	Generator Coordinate Method (GCM)

	11.
	Restoration of broken symmetry

	12.
	Time-dependent Hartree-Fock method, adiabatic approximation (TDHF-ATDHF)

	13. 
	Heavy ion reactions – basic concepts
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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. 






