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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	

	
	Practical exercises (school internships)
	

	Total in-class work
	45

	Out-of-class work
	Work with resources in the library
	40

	
	Preparation of the presentation
	30

	
	Exam preparation 
	20

	
	
	

	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. 
	Presentation on a chosen topic
	80

	1. 
	Test
	20

	Outline of the course:

	The course is intended for master degree students in Nuclear and Particle Physics. It can also be followed by other students who satisfy the requirements. 

The programme of the course aims to provide a systematic overview of the space-time and internal symmetries and as a consequence the conservation laws governing the behaviour of the elementary particles and the fundamental interactions. A special attention is devoted to the experimental tests of these conservation laws and the achieved precision and present limits. Specific theoretical models with different symmetries violations are briefly discussed. In general, those theoretical models are shown as extensions of the Standard model of Particle Physics and experiments pointing towards the necessity for such extension are reviewed. 

The course covers, from experimental point of view, the CP non invariant effects in the neutral kaon system, CP violation in B mesons, searching for proton decay, detection of neutrino oscillations with different neutrino sources - reactor, accelerators, atmospheric and solar neutrinos. The content is based on reviews and articles with experimental results. Some of the topics are already covered by recently published textbooks and monographs.

The programme also requires substantial efforts from the student to become acquainted with the bibliography and to prepare their presentation on a preliminary agreed topic for the final exam. 


	Preliminary requirements:

	The interested students should have knowledge of quantum mechanics and subatomic physics to the extend of the basic courses, which are part of the general education in the Faculty of Physics, University of Sofia. To profit in the best way from the discussed material, a basic knowledge of Quantum Field Theory and Particle Physics is also required. 


	Key competences acquired:

	After a successful completion of the course the students will have mastered the physical concepts for transformations, symmetries and related to them dynamical quantities. They will understand the reason for the association of different conserved quantum numbers for the various reactions in Particle physics. In addition, they will have a broad view of the present status and the directions of the experimental research in areas as the study of CP violation in Weak interactions, the neutrino oscillation and the consequences, the non-conservation of the lepton flavour in the extensions of the Standard Model, the search for electro-dipole moments of the quantum objects and other effects that are related to the symmetries of the fundamental interactions. 


Lessons plan
Lectures 

	№
	Topic:
	Acad. hours

	1
	Transformations and symmetries. Symmetries and conservation laws. Noether theorem and dynamical invariants.
	2

	2
	Discrete space symmetries. Reflection and parity. Parity conservation in Strong and Electromagnetic interactions. Experimental results. 

Parity violation in Weak interactions. Two-component neutrino.
	2

	3
	Charge conjugation – particle-antiparticle exchange and C-parity. C-parity conservation in Strong and Electromagnetic processes. Experimental results. Violation of the C-parity in Weak interactions.
	3

	4.
	Time reversal. Invariance under time reversal of the Strong, Electromagnetic, and almost all Weak processes. Experimental results. Neutron electro-dipole moment.
	3

	5.
	Neutral mesons and CP-violation in their decays.  К° — К° system. Strangeness oscillation and regeneration. Decay amplitudes. CP violating parameters and their experimental determination. 
	8

	6.
	CP violation in neutral B- and D- mesons. Experimental results and comparison with the kaon sector. 
	3

	7.
	Origin of CP noninvariant effects. Millistrong, Milliweak, and Superweak interactions. CP violation in the Standard model. 
	3

	8.
	CPT theorem. Experimental evidence for CPT invariance of the fundamental interactions. CPT invariance in neutral Kaon decays. 
	2

	9.
	Abelian transformations and internal symmetries. Conserved quantum numbers. Electric charge. Lepton and barion number and their conservation.
	2

	10.
	Experiments test of the violation of the conservation of the electric charge. Achieved limits.


	1

	11.
	Theoretical and experimental study of barion number violating processes. Proton decay.  SuperKamiokaNDE. Present results. 
	3

	12.
	Lepton number violating processes. Neutrino oscillations: accelerator, solar and atmospheric neutrino experiments. Present results and possible theoretical interpretations. Review of the current status and future experiments. 
	6

	13. 
	Pontecorvo–Maki–Nakagawa–Sakata matrix. Measurements of the mixing parameters. CP violation in the leptonic sector.
	3

	14.
	Muon decay into electrons and positrons. Muon capture and other lepton flavour violating processes. Double beta decay. Majorana neutrinos. 


	3

	15.
	The role of the experiment in the understanding of the nature of the physics processes. 
	1


Topics Covered on the Final Exam

The final exam of the course is carried out in the form of an open students seminar. The students select in advance a particular topic, which is part of the programme. They chose the necessary bibliography and prepare an outline of the presentation together with the lecturer. The seminar is open, publicised in the Faculty of physics and all interested persons are invited. The students present their topics in 15 – 20 min. This presentation accounts for 80 % of the final mark. The quality of the discussion and the answers from the presenter after each presentation with questions from the lecturer and the attendees accounts for the remaining  20 % of the mark. Depending on the presentation and the answers to the questions the lecturer determines the level of the understanding the student has achieved of the physics ideas discussed during the lectures, the knowledge and the clarity of their presentation. The accent of the exam lies on the physics ideas and their application for the analysis of the experimental results. Memorizing formulas, data, facts, etc. is not required. 
	№
	Topic

	1
	Transformations of physical systems. Symmetry transformation. Relation between symmetry and conservation quantities. Example: 1D translation. Types of simmetries. 

	2
	Space reflection and parity. Parity conservation in strong and electromagnetic interactions. Maximal parity violation violation in weak interactions. Two-component neutrino. 

	3
	Time reversal. T-invariance of the strong and electromagnetic interactions.  Experimental results. Neutron electro-dipole moment. T invariance of the weak interactions. 

	4.
	Charge conjugation: particle-antiparticle exchange. C-parity conservation in strong and electromagnetic interactions. Experimental results. C-parity violation in weak interactions. CP properties of the weak interactions. 

	5.
	The neutral kaon system К° — К°. Two- and three- pion decays. Semileptonic decays. Strangeness oscillations. Regeneration.

	6.
	Experimental observation of the CP violation. Phenomenological description. 



	7.
	Origin of the CP violation effects. CP violation within the Standard model. Cabibbo–Kobayashi–Maskawa matrix. 

	8.
	СРТ-theorem. Experimental check of the CPT invariance in the kaon decays. 

	9.
	Lepton and barion numbers and their conservation. Experimental limits. 

	10.
	Neutrino oscillations. Phenomenological description. Neutrino sources. 



	11.
	Detection of atmospheric and solar neutrinos. Experimental resuls.



	12.
	Reactor and accelerator neutrinos. Experimental results and future perspectives.



	13.
	CP violation in the leptonic sector 

	14.
	Grand Unification Theories. SU(5) and proton decay. Experimental test. 



	15.
	Double beta decay. Muon decay into electrons and positrons. Muon capture and other lepton flavour violating processes. Majorana neutrinos. 
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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. 







