COURSE OUTLINE

(1) GENERAL

School of Science
Physics
Undergraduate

10EK101

High Energy Astrophysics

Lectures (theory and exercises) 4 6

Specialised Knowledge

No

(recommended Special Theory of Relativity and
Electromagnetism)

Greek

Yes, in the English language for Erasmus students
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(2) LEARNING OUTCOMES

This course aims to introduce the student to High Energy Astrophysics, a field of Astrophysics that
studies the most energetic phenomena of the Universe, which are often associated with compact
astrophysical objects, and the relevant physical processes. As these phenomena cannot be
reproduced in the laboratory, multi-messenger observations with space or ground-based telescopes
offer a unique opportunity to study Nature in extreme conditions. At the same time, the student is
given the opportunity to go beyond a qualitative presentation and move to the quantitative use of
basic theoretical tools for the further modeling of the relevant physical phenomena.

At the end of the course, each student will be able to:

1. Know the various high-energy sources that have been observed and what is the modern view of
the scientific community on their characteristics and formation mechanisms.

2. Understand the various mechanisms producing non-thermal radiation as well as the interaction of
matter with radiation.

3. Combine the knowledge gained in basic courses (such as Mechanics | and Electromagnetism 1) to
explain acceleration mechanisms of charged particles to very high energies, as well as the bulk
acceleration of magnetized relativistic outflows.

4. Have the necessary tools to understand new mechanisms that may be proposed in the near future
in this rapidly evolving research field of Astrophysics.

The course aims at the following general competences

Search for, analysis and synthesis of data and information, with the use of the necessary technology
Decision-making

Working independently

Analytical and synthetic thinking

Critical thinking

Time management

Creativity

Meeting Deadlines and Keeping Schedules

Problem solving

Use of numerical tools in problem solving




(3) SYLLABUS

e Introductory concepts: High energy sources, non-thermal radiation spectra, X-ray and
gamma-ray astronomy.

e  Cosmic radiation: Observations, hadronic interactions.

e  Photon-photon absorption: Threshold, active cross-section, optical depth, applications.

e Radiation field: Larmor relation, Thomson scattering.

e Compton scattering: Kinematics, energy losses, radiation spectrum, astrophysical
applications.

e Synchrotron radiation: General principles, energy losses, spectrum radiation, astrophysical
applications.

e Acceleration of particles at high energies: Fermi mechanisms and acceleration at potential
differences with application to neutron star magnetospheres.

e Relativistic magnetohydrodynamics.

e Plasma effect on high energy emission processes: Radiation Cherenkov, Razin effect




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Yes

Electronic communication with the students using ICT
(Information and Communications Technology)

Lectures/ exercises 52
Individual Study/ Study and 73
Analysis of bibliography /

Preparation

Exercises 25
Course Total 150

1. Final written exams in Greek (80% of final grade)
2. Exercises during the semester (20% of final grade)




(5) ATTACHED BIBLIOGRAPHY

- Suggested bibliography (given through the EYDOXUS platform):

e Mootadng, A., BAaxakng, N., 2015. Aotpoduoiky uvdnAwv evepyelwv. [nAektp. BLBA.]
ABnva:zUvdeouog EAANVIKWV Axkadnuaikwv BLBALOBNKwWV. AwaBéouo oto:
http://hdl.handle.net/11419/3100

- Other:
* Rybicki & Lightman, Radiative Processes in Astrophysics, John Wiley & Sons
e Longair, High Energy Astrophysics, Cambridge University Press




