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Nuclear and Particle Physics.
                                                              S Y L L A B U S
 Course:  Nuclear symmetries
Lecturer: assoc. prof. Kalin Gladnishki, PhD
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	

	
	Practical exercises (school internships)
	30

	Total in-class work
	75

	Out-of-class work
	Library preparation and work with other resources
	40

	
	Homework preparation
	10

	
	Work with the software codes used in the practical exercises
	25

	
	
	

	Total out-of-class work
	75

	TOTAL ACADEMIC WORK
	150

	ECTS credits in-class work
	2.5

	ECTS credits out-of-class work
	2.5

	TOTAL ECTS CREDITS
	5.0

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	40

	2. 
	Final exam
	60

	Outline of the course:

	The course is designed for students from all undergraduate programs in the physics department. The course presents a systematic introduction to various types of nuclear symmetries. The object of the course is theoretical descriptions of effects related to nuclear symmetries and also the main experimental methods and results obtained regarding the structure of atomic nuclei. The program is built on students' knowledge derived from basic undergraduate courses covered in the program as "Introduction to Nuclear and particle physics", "Experimental Nuclear Physics" and "Theoretical Nuclear Physics" and appears as a link to courses in "Nuclear Structure" and "Nuclear models”. The program of the course is set to presentation of contemporary problems of nuclear structure physics. Deals with issues related to the modern understanding of the nuclear interaction, nuclear structure, and nuclear models describing the fundamental nuclear symmetries and quantum theory of many body quantum systems. The course aims to build understanding of the parameters used in nuclear physics, and practical skills to solve problems in nuclear physics. The planned practicum, aims not only to demonstrate modern experimental and theoretical techniques in the analysis of real experimental data, but also to create practical skills in students to work with spectra, intensities and etc. In essence, the course provides a smooth transition between basic courses in the bachelor program and master program "Physics of atomic nuclei and elementary particles" while it is built on core courses such as quantum mechanics, atomic and nuclear physics studied by all specialties making it suitable for students graduates from all disciplines.




	Preliminary requirements:

	The students must learn subject matter of the following courses: Quantum Mechanics, Nuclear Physics, Atomic Physics and Interaction of Ionizing Radiation with Matter, Group theory.


	Key competences acquired:

	After successful completion of the course the students will have a more complete understanding of the parameters used in nuclear physics. Will be familiar with the modern understanding of nuclear interaction, nuclear structure, nuclear models describing major nuclear symmetries and quantum theory of many-body quantum systems. Will acquire practical skills in solving problems from the area of the modern nuclear physics.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Introduction - symmetries in quantum mechanics. Elements of the Theory of Groups. Dynamic symmetries and their violation. Isospin. Selection rules.
	3

	2
	Dynamic symmetries in quantum many body system. Algebraic approach.
	3

	3
	Symmetries in nuclear physics. Shell model of the nucleus. SU (2) pairing model. SU (3) rotation model.
	3

	4.
	Model of interacting bosons. Dynamic symmetries. Geometry. Nuclear excitations.
	3

	5.
	First evidence of vibrational structure and intruder configurations.
	3

	6.
	Super symmetries in nuclear physics. Model of interacting bosons (IBM) and fermions. Bose-Fermi symmetries. Examples of Bose-Fermi symmetries.
	3

	7.
	Using (p, d) and (d, t) transfer reactions for studies with high resolution. Super symmetries without dynamic symmetries.
	3

	8.
	Limits of existence of nuclear matter. Experimental techniques for the study of nuclei close to the lines of evaporation of protons and neutrons, super heavy elements.
	3

	9.
	Neutron-proton symmetries. Neutron-proton model of interacting bosons. Model with s-bosons. Model with s and d bosons.
	3

	10.
	Model of interacting bosons - 2 (IBM-2). Mixed symmetry states. Detection of mixed symmetry states in deformed nuclei. Nuclei with mixed symmetry in nuclei close to spherical.
	3

	11.
	Neutron-proton super symmetry. Combination of F -spin and super symmetries. Examples of extended super symmetries.
	3

	12.
	Transfer of nucleons in an extended super symmetries. First experiments on transfer reactions. Current experiments with highly sensitive and polarization transfer reactions.
	3

	13.
	Comparison of experimental results with theory. Two-nucleons transfer reactions.
	3

	14.
	E(5) and X(5) nuclear symmetries.
	3

	15.
	Rotation of even-odd nuclei. Nilsson scheme. Super deformation. Spontaneous symmetry breaking in nuclear rotations.
	3

	
	Seminars/Practical exercises
	

	1
	Theoretical calculations within the interacting bosons model of the transition probabilities of the various atomic nuclei using the software code.
	6

	2
	Determine the peak areas using spectra fiting programs (RadWare, TV, etc.). Energy calibration. Relative efficiency calibration.
	6

	3
	Working with nuclear database NNDC.
	6

	4.
	Determination of spin-parity of nuclear states. DCO and angular correlations.
	6

	5.
	Determining the lifetime of a nuclear state using the Doppler shift method.
	6


	Topics Covered on the Final Exam

№
	Topic

	1
	Dynamic symmetries and their violation. Isospin. Selection rules.

	2
	Dynamic symmetries in quantum many body system. Algebraic approach.

	3
	Symmetries in nuclear physics. Shell model of the nucleus.

	4.
	SU (2) pairing model. SU (3) rotation model.

	5.
	Model of interacting bosons.

	6.
	Dynamic symmetries. Geometry. Nuclear excitations.

	7.
	First evidence of vibrational structure and intruder configurations.

	8.
	Super symmetries in nuclear physics. Model of interacting bosons (IBM) and fermions.

	9.
	Bose-Fermi symmetries. Examples of Bose-Fermi symmetries.

	10.
	Using (p, d) and (d, t) transfer reactions for studies with high resolution. Super symmetries without dynamic symmetries.

	11.
	Limits of existence of nuclear matter. Experimental techniques for the study of nuclei close to the lines of evaporation of protons and neutrons, super heavy elements.

	12.
	Neutron-proton symmetries. Neutron-proton model of interacting bosons. 

	13. 
	Model with s-bosons. Model with s and d bosons.

	14. 
	Model of interacting bosons - 2 (IBM-2). Mixed symmetry states.

	15.
	Detection of mixed symmetry states in deformed nuclei. Nuclei with mixed symmetry in nuclei close to spherical.

	16.
	Neutron-proton super symmetry. Examples of extended super symmetries.

	17.
	Combination of F -spin and super symmetries.

	18.
	Transfer of nucleons in an extended super symmetries. First experiments on transfer reactions. Current experiments with highly sensitive and polarization transfer reactions.

	19.
	Comparison of experimental results with theory. Two-nucleons transfer reactions.

	20.
	E(5) nuclear symmetry.

	21.
	X(5) nuclear symmetry 

	22.
	Rotation of even-odd nuclei. Nilsson scheme.

	23.
	Super deformation. Spontaneous symmetry breaking in nuclear rotations.

	24.
	Determining the lifetime of a nuclear state using the Doppler shift method.

	25. 
	Determination of spin-parity of nuclear states. DCO and angular correlations.
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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. 






