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Nuclear and Particle Physics
S Y L L A B U S

Course: 

Weak Interactions of the Elementary Particles
Lecturer: Assoc. Prof., D.Sc., M. Chizhov  
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	60

	
	Seminars
	

	
	Practical exercises (school internships)
	

	Total in-class work
	60

	Out-of-class work
	Self-study activities
	120

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	120

	TOTAL ACADEMIC WORK
	180

	ECTS credits in-class work
	2

	ECTS credits out-of-class work
	4

	TOTAL ECTS CREDITS
	6

	№
	Grade components

	% of the grade

	1. 
	Works/tests during the semester
	25

	2. 
	Final exam
	75

	3. 
	
	

	4. 
	
	

	Outline of the course:

	The course lectures is devoted to the theory and phenomenology of the weak interactions of elementary particles. It is designed especially for master students. The course deals with issues of violation of fundamental symmetries in physics: P- and CP-parity, as well as the symmetry of the vacuum. The main objective of the course is to present the standard model of computing terms and acquisition of practical skills to calculate the probabilities and cross sections in the physics of elementary particles. This approach is widely applied both in Elementary Particle Physics and in Astrophysics and Cosmology of the early Universe.
         Since the course consists only of lectures and no seminars are envisaged, students should spend 2 hours of individual studies per each lecture hour for problems solving and library work.


	Preliminary requirements:

	Basic course of the Quantum Mechanics and initial knowledge of the Elementary Particle Physics.


	Key competences acquired:

	Acquisition of practical skills to calculate probabilities and cross sections in Elementary Particle Physics.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	History: from β – radioactivity to V–A theory. Lorentz structure of weak currents.
	3

	2
	Leptonic and Semileptonic decays. Quark structure of the hadrons. 
	6

	3
	Nonleptonic decays. ΔТ = ½ rule.
	6

	4.
	Neutral K-mesons. Interference phenomena.
	4

	5.
	СР-invariance and its violation. Kobayashi–Maskawa mixing matrix.
	4

	6.
	Heavy leptons and hadrons decays. Experimental constraints on mixing matrix parameters. 
	6

	7.
	Weak interactions in scattering processes. Charged currents.
	11

	8.
	Glashow–Weinberg–Salam model. Renormalizability.
	7

	9.
	Neutral currents. Р-odd asymmetry.

	7

	10.
	Check of the Standard Model of electroweak interactions. Gauge bosons production.
	6


Topics Covered on the Final Exam

	№
	Topic

	1
	Fermi theory. Gamow–Teller transitions.


	2
	Parity violation. Two-component theory of neutrino.


	3
	V – A interaction. Two neutrino species.

	4.
	Muon decay. Fierz–Michel transformation. Fermi constant.

	5.
	Pion decays. G-invariance. Conserved Vector Current ( CVC) hypothesis.


	6.
	Nucleons decays. Hypothesis of Partial Conservation of Axial Current (PCAC). Goldberger–Treiman relation.

	7.
	Strange particles decays. Cabibbo mixing.


	8.
	Initial quarks interaction. |ΔS| < 2 rule.

	9.
	Estimation of hard gluon effect. ΔТ = ½ rule.

	10.
	GIM mechanism. c-quark prediction. Annihilation mechanism.

	11.
	Total effective Lagrangian describing nonleptonic decays of strange particles. Calculation of the matrix elements.

	12.
	Phenomenology of К10 – К20 mixing. Basic parameters.

	13.
	Mass difference between К10   and К20. с-quark mass estimation.

	14.
	Regeneration. Sign of the mass difference between К10  and К20.

	15.
	СР-violation in neutral kaon decays. є and є′ parameters.


	16.
	СР-violation models. Neutron electric dipole moment.


	17.
	Kobayashi–Maskawa matrix and СР-violation. t-quark.


	18.
	τ –lepton decay. Universality of interactions.

	19.
	Heavy hadrons decays. Virtual gluon effect.

	20.
	Unitary mixing matrix – general form. Experimental constraints on the mixing angels and the phase.

	21.
	Fritzsch mass matrices. Texture zeros.

	22.
	Deep inelastic lepton scattering off nucleons. Parton structure functions. Scaling.

	23.
	Parton model. Callan–Gross relation.


	24.
	Experimental check of the quark-parton model. Sum rules.

	25.
	Quasielastic lepton scattering off nucleons. Nucleons formfactors.

	26.
	Structure functions moments. Altarelli–Parisi equation. Scaling violation.

	27.
	Gauge invariance. Yang–Mills theory.


	28.
	Spontaneous symmetry breaking. Brout–Englert–Higgs mechanism.

	29.
	Standard Model of the electroweak interactions. Higgs particle.

	30.
	Inclusive neutrino scattering. Neutral current discovery.

	31.
	Elastic neutrino scattering off nucleons.

	32.
	Elastic neutrino scattering off electrons. 

	33.
	Р-odd asymmetry in deep inelastic scattering of polarized leptons off nucleons.


	34.
	Drell–Yan process. Production of W and Z in hadron collisions.

	35.
	W and Z decays. Number of light neutrino species.

	36.
	Standard Model parameters and their measurements in LEP experiments.

	37.
	New particle search. Constraints on Higgs masses.


Basic Bibliography 

1. Källen G. Elementary particle physics.- Reading, Massachusetts: Addison-Wesley, 1964
2. Okun L.B. Leptons and Quarks.- Elsevier Science Publishers B.V., 1982
3. Marshak R.E., Riazuddin, Ryan C.P. Theory of weak interactions in particle physics.- New York: Wiley-Interscience, 1969

4. Gaillard J.M., Gaillard M.K., Haidt D., Jauneau L., Nachtman O., Pietschmann H., Vannucci F. Weak interactions/Ed. by M.K. Gaillard and M. Nicolic.-Paris: National de Physique Nucléaire et de Physique des Particules, 1977

5. Cheng T.-P., Li L.-F. Gauge theory of elementary particle physics.- Oxford: Clarendon Press, 1984
Additional Bibliography 

Author: 

/  Assoc. Prof. M. Chizhov  /
M�
4�
7�
3�
�
 








�	 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. 
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