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Theoretical Astrophysics


Lecturer: Assoc. Prof. Dimitar Magdalinov Mladenov
Assistant: 

	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	60

	
	Seminars
	15

	
	Practical exercises (school internships)
	0

	Total in-class work
	75

	Out-of-class work
	Self-exam  preparation
	60

	
	Individual  preparation for solving problems given in the lectures to the practical exercises for homework
	45

	Total out-of-class work
	105

	TOTAL ACADEMIC WORK
	180

	ECTS credits in-class work
	2.5

	ECTS credits out-of-class work
	3.5

	TOTAL ECTS CREDITS
	6.0


	№
	Grade components

	% of the grade

	1. 
	Exam 
	100

	Outline of the course:

	        The course “Theoretical Astrophysics” is intended primarily for the students from the master program “Nuclear and Particle Physics”, the training in which is taking place in the Faculty of Physics of the Sofia University “St. Kliment Ohridski”, but the course can also be useful and for students from mathematical and other faculties.

        The last decades have seen an explosion of development in the fields of particle physics, astrophysics and cosmology. Particle physics has become a crucial tool in the quest for a deeper understanding of the Universe. Despite the fact that astrophysical and cosmological processes require energies beyond the reach of accelerators, at least in the foreseeable future, such energies could allow the realization of part of the wealth of the predictions of contemporary theoretical physics and particle physics such as  baryogenesis, inflation, existence and production of exotic particles such as monopoles, axions, cosmic strings and branes.
         Recent years have seen a symbiosis of the fields of elementary particle physics and the astrophysics of the early Universe. This course presents the background of the subjects and the latest developments at a level suitable for master students. After introductory chapters on the Standart Cosmological Model, the problems and challenges of inflationary cosmology, the emergence of large scale structures and the synthesis of light elements in the early Universe are presented, followed by chapters on the cosmological constant cosmic microwave background, dark matter and dark energy, formation of galaxies, as well as topological objects as monopoles, cosmic strings and axions. 
        In the end of the course are presented cosmological models which appear in the contemporary superstring theory.

        The aim of the course "Theoretical Astrophysics" is to give an outline of the essential ideas and basic lines of development. These include the close connections between topics of the micro- and macro-cosmos. The attempt is made to give an insight into the variety of unanswered or still developing theoretical and experimental problems. 
         In the whole course a balance is maintained between theory and experiment.




	Preliminary requirements:

	        The preliminary requirements for the students to learn successfully the course "Theoretical Astrophysics" are to have a solid knowledge in the standard mathematical courses usually studied in the physical faculties and in the following disciplines:
· Classical Mechanics
· Classical Electrodynamics
· General Relativity
· Quantum Mechanics
· Quantum Field Theory



	Key competences acquired:

	      Designed for master students, this course gives a comprehendsive overview of the main aspects of modern astrophysics and astroparticle physics with an emphasis on applications to fundamental physics. The course gives to the students knowledge to that aspects of astrophysics and astroparticle physics which are important for the building of the Standard Cosmological Model and the Standard Model of the elementary particles. The course  acquaint the students with modern and powerful methods and results of astrophysics and astroparticle physics and show wide scope of applications.



Lessons plan 

	№
	Topic:
	Acad. Hours

	
	Lectures
	

	1.
	The Standard Cosmological Model. An introduction:
The Friedmann-Roberson-Woker model. Determination of the Hubble constant. The density in the Universe. The age of the Universe. Baryon asymmetry in the Universe.

	4


	2.
	Problems of the Standard Cosmological Model: 

The flatness problem. The horizon problem. The monopole problem.

	4


	3.
	Inflationary cosmology: 
The old inflation theory. The new inflation theory. Chaotic inflation. Hybrid inflation.

	4

	4.
	Phase transitions in the early Universe: 
Phase transitions in the Higgs model. Phase transitions in the electroweak theory. Phase transitions in the Grand Unified  Theories.

	4


	5.
	Baryogenesis: 
Conditions for baryogenesis. Baryogenesis in Grand Unified  Theories. Sphaleron-induced baryogenesis. CP-violation in the electroweak theory. Phase transitions in the electroweak baryogenesis. Affleck-Dine baryogenesis. 


	4


	6.
	The cosmological constant:

Models with nonzero cosmological constant. Direct determination of the cosmological constant. The Λ problem.  Possible solutions for the Λ problem.

	4

	7.
	Large scale structures in the Universe: 

Galaxies. Clusters, superclusters and voids. Red-shift surveys.
Quasars. Description of structures. The development of fluctuations. The evolution of structures. 

	4

	8.
	Cosmic microwave background radiation: 

The 3 K background radiation. Spectrum and temperature. Measurement of the spectral form and temperature of the  3 K radiation. Anisotropies in the 3 K radiation. The cosmic X-ray background. The cosmic neutrino background.

	4


	9.
	Dark matter: 

Evidence for dark matter. Dark matter and large scale structure. Dark matter and cosmology. Candidates for dark matter. Baryonic dark matter. Non-baryonic dark matter. Detection of dark matter. 

	4

	10.
	Topological defects: 
Domain walls. Global cosmic strings. Local cosmic strings. Dynamics of the local cosmic strings. Magnetic monopoles. Magnetic monopoles in Grand Unified Theories. 

	4

	11.
	Axions:

Theoretical motivation. Characteristics of the axion. Axions and stellar evolution. Axions in cosmology.  Cosmic axions. Axions from the halo of our Milky Way. Solar axions. 


	4

	12.
	Neutrinos:
Solar neutrinos. Energy and neutrino production processes in the Sun. The solar neutrino spectrum. Solar neutrino experiments. The Kamiokande and Superkamiokande detectors. The gallium experiments. Attempts at theoretical explanation. Neutrinos from supernovae. Supernova rates and future experiments.


	4


	13.
	The formation of heavy elements:
Explosive scenarios and element synthesis up to iron. Element synthesis beyond iron. Cosmo-chronometers and the age of the Universe.

	2


	14.
	Superstring cosmology.

	6


	15.
	Membrane cosmology.

	4

	
	
	

	
	Seminars/Practical exercises
	

	1.
	The Standard Cosmological Model. 

The Friedmann-Roberson-Woker model. 


	2

	2.
	Phase transitions in the early Universe: 
Phase transitions in the Higgs model. Phase transitions in the electroweak theory. Phase transitions in the Grand Unified  Theories.


	2

	3.
	The cosmological constant:

Models with nonzero cosmological constant. Direct determination of the cosmological constant. The Λ problem.  Possible solutions for the Λ problem.

	1

	4.
	Dark matter: 

Evidence for dark matter. Dark matter and large scale structure. Dark matter and cosmology. Candidates for dark matter. Baryonic dark matter. Non-baryonic dark matter. Detection of dark matter. 

	2

	5.
	Topological defects: 

Domain walls. Global cosmic strings. Local cosmic strings. Dynamics of the local cosmic strings. Magnetic monopoles. Magnetic monopoles in Grand Unified Theories. 

	2

	6.
	Axions:

Theoretical motivation. Characteristics of the axion. Axions and stellar evolution. Axions in cosmology.  Cosmic axions. Axions from the halo of our Milky Way. Solar axions. 


	2

	7.
	Superstring cosmology.

	2

	8.
	Membrane cosmology.

	2


	Topics Covered on the Final Exam

№
	Topic

	1.
	The Friedmann-Roberson-Woker model. 



	2.
	The Hubble constant. The density in the Universe. The age of the Universe. 



	3.
	Baryon asymmetry in the Universe.



	4.
	The flatness problem. The horizon problem. The monopole problem.


	5.
	The old inflation theory. The new inflation theory. 


	6.
	Chaotic inflation. Hybrid inflation.



	7.
	Phase transitions in the Higgs model. 



	8.
	Phase transitions in the electroweak theory. 



	9.
	Phase transitions in the Grand Unified  Theories.



	10.
	Baryogenesis. Conditions for baryogenesis. 


	11.
	Baryogenesis in Grand Unified  Theories.



	12.
	Sphaleron-induced baryogenesis.



	13.
	Phase transitions in the electroweak baryogenesis.



	14.
	Affleck-Dine baryogenesis.



	15.
	The cosmological constant. Models with nonzero cosmological constant. 


	16.
	Direct determination of the cosmological constant. 



	17.
	The Λ problem.  Possible solutions for the Λ problem.


	18.
	Large scale structures in the Universe. 



	19.
	Cosmic microwave background radiation. 



	20.
	Evidence for dark matter. Dark matter and large scale structure. Dark matter and cosmology. 



	21.
	Candidates for dark matter. Baryonic dark matter. Non-baryonic dark matter. Detection of dark matter.



	22.
	Topological defects. Domain walls. 


	23.
	Global cosmic strings. Local cosmic strings. Dynamics of the local cosmic strings.


	25.
	Magnetic monopoles. Magnetic monopoles in Grand Unified Theories. 


	26.
	Axions. 


	27.
	Solar neutrinos. Energy and neutrino production processes in the Sun. The solar neutrino spectrum. 



	28.
	Solar neutrino experiments. The Kamiokande and Superkamiokande detectors. The gallium experiments.



	29.
	Neutrinos from supernovae. Supernova rates and future experiments.



	30.
	The formation of heavy elements.


	31.
	Cosmo-chronometers and the age of the Universe.



	32.
	Superstring cosmology.


	33.
	Membrane cosmology.
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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. 
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