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 Nuclear and Particle Physics
                                                              S Y L L A B U S
 Course:  Experimental Nuclear Physics
Lecturer:  Prof.  Dr.habil.  V.  Rusanov, 
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	

	
	Practical exercises (school internships)
	60

	Total in-class work
	105

	Out-of-class work
	Library preparation and work with other resources
	120

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	120

	TOTAL ACADEMIC WORK
	225

	ECTS credits in-class work
	3.5

	ECTS credits out-of-class work
	4.0

	TOTAL ECTS CREDITS
	7.5

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	30

	2. 
	Final exam
	70

	Outline of the course:

	          The aim of the course is to introduce the main contemporary methods of nuclear spectroscopy, the experimental set-ups, and the techniques for data manipulations used in nuclear physics experiments at low energies.

The course focuses on the interaction of the nuclear radiation with matter, the detectors for nuclear radiation and the related with them apparatus. The course includes the methods of γ-ray spectroscopy, α spectroscopy, β spectroscopy, nuclear lifetime measurements, and methods for construction of complex decay schemes.


	Preliminary requirements:

	The course is for advance undergraduate students who have already covered the courses of Introductory nuclear physics and the related to it laboratory practicum. The course complements and can be taken in conjugation with the courses on Nuclear electronics, Theoretical nuclear physics, Dosimetry and radiation protection, Nuclear fission and Nuclear structure.


	Key competences acquired:

	After successful completion of the course the students will have a more complete understanding of the experimental nuclear physics. Will acquire basic knowledge for detectors of ionizing radiations and different experimental technics used in modern nuclear physic.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	The atomic nucleus as a strongly bound quantum mechanical system of strongly correlated nucleons. α-, β-, and γ-decays. Spontaneous fission.
	3

	2
	Interaction of γ-rays with matter. Photoelectric effect. Compton scattering. Pair production.
	3

	3
	Interaction of charged particles with matter. Interaction of heavy charged particles with matter. Interaction of electrons particles with matter.
	3

	4.
	Scintillation detectors. Photomultipliers.
	4

	5.
	Semiconductor detectors.
	4

	6.
	γ-spectroscopy. 
	4

	7.
	Magnetic β-spectroscopy.
	4

	8.
	Lifetime measurements in nuclear physics. Methods for long lifetime measurements. Electronics based methods. Methods based on the Doppler effect. 
	4

	9.
	β-decay. Shapes of the β-spectrum. The Fermi theory. Curie plot. Comparative half-lifetime (fit value).
	4

	10.
	γ-decay. Angular momentum and parity selection rules. Angular distribution and polarization measurements. Lifetimes for γ-emission. Isomers. 
	4

	11.
	Internal conversion. 00 transitions. Coefficients of internal conversions 
	4

	12.
	Nuclear resonance fluorescence and Mössbauer effect.
	4


	
	Practical exercises
	

	1.
	Introductory. Safety course. Introduction to used technique - detectors, nuclear physics apparatus.
	4

	2.
	Graduation and measurement with a single-channel amplitude analyzer coupled to a scintillation detector. Calibration of the spectrometer with energy sources of 241Am, 133Ba, 137Cs, 60Co. Plotting the calibration curve. Determination of the energy resolution using the 137Cs photopeak. Measuring the spectrum of 226Ra. Determination photopeaks energies. Determination of activity of 214Bi.
	4

	3.
	Compton scattering of gamma quant. Energy and angular distribution of the Compton scattered gamma-ray. Comparing the experimentally obtained data with theoretical calculations.
	4

	4.
	Form of the beta spectrum. Fermi-Curie graph. Investigation of beta-spectrum of 137Cs by stilben scintillation detector crystal. Determination of the maximum energy of beta spectrum of 137Cs.
	4

	5.
	Gamma spectroscopy with high resolution HpGe detector. Processing of complex gamma spectrum. Calibration of the spectrometer using of 226Ra. Collecting of the spectrum of 152Eu. Determination of the energies of the gamma lines. Determining the intensity of gamma-lines the area and the curve of the detector efficiency. Calculation of internal conversion of 122 keV transition using the balance of intensities.
	4

	6.
	Explore cascading gamma transitions through two scintillation spectrometer and multichannel analyzer in mode matches "amplitude-amplitude"
	4

	7.
	Gamma-gamma angular correlation in the nuclei of 60Ni.
	4

	8.
	Lifetime of excited nuclear states.
	4

	9.
	
	4

	10.
	Collecting of alpha-spectra of surface-barrier semiconductor detector.
	4

	11.
	Moving of heavy charged particles in a matter.
	4

	12.
	Spontaneous fission of 252Cf. Determination of asymmetry and average masses of fragments.
	4

	13.
	"+ - + - е+" experiment Analysis of the pion decay of muons in the hydrogen bubble chamber.
	4

	14.
	Mössbauer Effect. Determination of the relative change of the radius of the nucleus R/R for Sn in transition from ground to the first excited state.
	4

	15.
	Mössbauer Effect. Determination of the magnetic moment of the first excited state of the nucleus 57Fe. Determination of the effective magnetic field in place of the nucleus.
	4


Topics Covered on the Final Exam

	№
	Topic

	1
	The atomic nucleus as a strongly bound quantum mechanical system of strongly correlated nucleons. α-, β-, and γ-decays. Spontaneous fission.

	2
	Interaction of γ-rays with matter. Photoelectric effect. Compton scattering. Pair production.

	3
	Interaction of charged particles with matter. Interaction of heavy charged particles with matter. Interaction of electrons particles with matter.

	4
	Scintillation detectors. Photomultipliers.

	5
	Semiconductor detectors.

	6
	γ-spectroscopy. 

	7
	Magnetic β-spectroscopy.

	8
	Lifetime measurements in nuclear physics. Methods for long lifetime measurements. Electronics based methods. Methods based on the Doppler effect. 

	9
	β-decay. Shapes of the β-spectrum. The Fermi theory. Curie plot. Comparative half-lifetime (fit value).

	10
	γ-decay. Angular momentum and parity selection rules. Angular distribution and polarization measurements. Lifetimes for γ-emission. Isomers. 

	11
	Internal conversion. 00 transitions. Coefficients of internal conversions 

	12
	Nuclear resonance fluorescence and Mössbauer effect.
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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. 






