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Course: ADVANCED QUANTUM PHYSICS  
                                                                          (code and name)


Lecturer:  Prof. Ana Proykova, PhD,  Doctor Habil 

	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	30

	
	Seminars
	

	
	Practical exercises (school internships)
	30

	Total in-class work
	

	Out-of-class work
	
Individual work in a library or with resources
	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. 
	Practical exam (examination in practical skills)
	

	2. 
	Final exam
	                        70

	3. 
	Workshops 
	                         

	4. 
	Project
	                         30

	Outline of the course:

	The course is optional for bachelor/master students, who seek for deepening and broadening their knowledge of quantum objects. The course  is an upgrade of the basic course in atomic and nuclear physics. Studied in the seventh (or eighth) semester. Examples are taken from the nuclear and particle physics to provide the basis for the modern understanding of the structure of matter. With the discovery of dark matter (attraction) and dark energy (repulsion) and the registration (July 2012) of a particle resembling the Higgs bosom predicted by the Standard Model, new possibilities are found - beyond the Standard Model. Space research is ongoing,  for instance the Large Synoptic Survey Telescope project, https://www.lsst.org/about   to understand  the world in which we live. The taught material provides the knowledge and skills necessary for students to continue their MS in Physics in the field of Theoretical Physics, Computational Theoretical Physics, or Nuclear and Elementary Particle Physics.
Seminar and laboratory exercises (computer practice) cover 10 topics and start after the 3rd lecture.


	Preliminary requirements:

	 The students should have successfully completed the courses on differential equations (ordinary & partial). Students must  be  familiar with Fourier- (Laplace) transformations as methods for solving differential equations; matrix calculus; interaction of particles with matter; ground states of the nuclei; radioactive decay(s)  and the forces of interaction that govern them.




	Key competences acquired:

	Students can interpret experimental observations in the field of nuclear and elementary particle physics; to understand the information that is obtained when calculating the cross-sections of scattering processes; to find evidence of the existence of hypothetical particles; to suggest experiments of particle scatterings.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Three-dimensional quantum mechanics: Scattering by attracting potentials
	2

	2
	Resonance scattering and phase shift.
	2

	3
	Compound states and resonances. Resonance scattering by repulsion layer.
	2

	4.
	Scattering of atoms, electrons, neutrons, pions by different targets.
	2

	5.
	Peculiarities of the strong (nuclear) interaction. Spectra of nuclear compound states.
	2

	6.
	Spectra of compound states in atoms and crystals. Experimental methods for spectra measurements.
	2

	7.
	Nuclear (strong) force: quarks and gluons. Hadrons and quark-patron model – 1 stage.
	             2

	8.
	Hadrons and quark-patron model – 2 and 3 stages.
	             2

	9.
	The first 225 seconds – expanding universe; nuclear synthesis 
	2

	10.
	Radioactive nuclei and metastable states.
	2

	11.
	Excited states in the nuclei: collective corrections to the shell model. 
	2

	12.
	Neutrino(s) and anti-neutrino(s). Weak interaction and its gauge bosons.
	2

	13.
	Fermi’s theory for the weak interaction.
	2

	14.
	Conservation of the laws in physics. CP-violation. CPT-theorem. 
	2

	15.
	Force unification. Grand theories for unification. Open questions.
	2

	
	Seminars/Practical exercises
	

	1
	1.  Scattering by an attracting potential
	3

	2
	2.  Resonance scattering and phase shift.
	3

	3
	Resonance scattering by repulsion layer.
	3

	4.
	Scattering of atoms, electrons, neutrons, pions by different targets.
	3

	5.
	Spectra of nuclear compound states.
	3

	6.
	Spectra of compound states in atoms.
	3

	7.
	Spectra of compound states in  crystals.
	3

	8.
	Electron scattering in different targets.
	3

	9.
	Neutron and pion scattering in different targets.
	3

	10.
	Quark structure of the elementary particles.
	3


	Topics Covered on the Final Exam

№
	Topic

	1
	Three-dimensional quantum mechanics: Scattering by attracting potentials

	2
	Resonance scattering and phase shift.

	3
	Compound states and resonances. Resonance scattering by repulsion layer.

	4.
	Scattering of atoms, electrons, neutrons, pions by different targets.

	5.
	Peculiarities of the strong (nuclear) interaction. Spectra of nuclear compound states.

	6.
	Spectra of compound states in atoms and crystals. Experimental methods for spectra measurements.

	7.
	Nuclear (strong) force: quarks and gluons. Hadrons and quark-patron model – 1 stage.

	8.
	Hadrons and quark-patron model – 2 and 3 stages.

	9.
	The first 225 seconds – expanding universe; nuclear synthesis 

	10.
	Radioactive nuclei and metastable states.

	11.
	Excited states in the nuclei: collective corrections to the shell model. 

	12.
	Neutrino(s) and anti-neutrino(s). Weak interaction and its gauge bosons.

	13. 
	Fermi’s theory for the weak interaction.

	14. 
	Conservation of the laws in physics. CP-violation. CPT-theorem. 

	15.
	Force unification. Grand theories for unification. Open questions.


Bibliography 

315438834-Williams-Nuclear-and-Particle-Physics.pdf - Ebook download as PDF File (.pdf) or read book online.
Additional:
2. Quantum mechanics, L. Landau and E. Lifshits (newest editions)
3. http://www.nasa.gov/mission_pages/hubble/main/index.html#.VMI0fWSUdQ0 
4.http://www.2physics.com/2015/01/novel-electromagnetic-cavities-bound.html
5. http://arxiv.org/pdf/1412.4094v1.pdf The Standard Model of Particle Physics, Tom W.B. Kibble Blackett Laboratory, Imperial College London
6. http://hetdex.org/dark_energy/dark_matter.php
Note: online courses by Stanford University and MIT can be used as well.
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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. 






