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Course annotation

I. Modern Instrumental Astrophysics

The main focus is on the current era of data-driven observational astrophysics, where major
scientific advances are increasingly driven by large surveys and science-ready archives.
Students will explore the most modern observational techniques across the electromagnetic
spectrum, including precision spectroscopy, wide-field photometry, time-domain monitoring,
high-angular-resolution imaging (adaptive optics and interferometry), and high-energy
observations. Emphasis is placed on how modern results are obtained in practice, including
survey design, observing strategies, archive-based science, and cross-matching of
heterogeneous datasets. The module also introduces major ongoing and next-generation
facilities and surveys, with particular attention to large spectroscopic programmes such as
WEAVE, 4MOST, and SDSS, and to space missions including TESS, PLATO, and JWST, as
well as future flagship facilities such as Rubin/LSST, Euclid, Roman, Athena, ARIEL, and the
ELT.

II. Modern Methods of Stellar and Galactic Astrophysics

This part of the course focuses on the astrophysical science enabled by modern high-precision
datasets, with emphasis on stellar variability and Galactic archaeology in the era of large
statistical samples. Students will explore the principles, methods, and current advances of
Galactic archaeology, combining kinematics and detailed chemical abundances to reconstruct
the formation history, dynamical structure, and chemical evolution of the Milky Way. Students
will examine the physical mechanisms driving stellar variability, including pulsations, rotation,
magnetic activity, and binarity, and how these processes are diagnosed using time-domain
photometry, asteroseismology, and complementary spectroscopy. Particular attention is given
to the most recent theoretical frameworks used to interpret these observations, including state-
of-the-art chemodynamical models of galaxy formation and evolution.

III. Exoplanets and Gravitational Lensing

This part of the course introduces students to the key methods used to detect and study
exoplanets, as well as the principles of gravitational lensing. Students will know how transit and
radial velocity techniques work, how precision photometry and spectroscopy reveal planetary
sizes, masses and atmospheric properties, and how methods such as secondary eclipses, phase
curves, and direct imaging provide additional insights. The course covers major exoplanet




missions including TESS, PLATO, JWST, and ARIEL, and how they contribute to planetary
detection and atmospheric characterization. Emphasis is placed on how these space missions
complement modern ground-based spectroscopy and high angular resolution imaging. Students
will be introduced to gravitational lensing across strong, weak, and microlensing regimes. They
will learn how microlensing events caused by stars, stellar remnants or free-floating planets
reveal distant planetary systems, including cold and wide orbit planets. The module also
presents the observing strategies of surveys such as OGLE and MOA, and the expected
advances from the Roman Space Telescope.

IV. Extragalactic Astrophysics and Frontiers

This section encompasses the key present-day topics of extragalactic astrophysics, including the
early formation and evolution of galaxies and the properties and impact of active galactic nuclei
(AGN) on galaxy evolution. Students will learn about the discoveries made by major present-
day facilities such as JWST, ALMA and XRISM in the extragalactic domain, including the
properties of most distant galaxies, the evolution of star formation rates across the age of the
Universe, the motion of gas from intergalactic medium down to the galactic nucleus scales, the
formation and properties of AGN, the formation of their outflows and the AGN impact on the
host galaxy properties. The module will also investigate modern numerical simulation
techniques and their major results, with particular attention to galaxy-scale and cosmological
simulations. The students will explore how simulations and observations complement each
other in helping us understand the evolution of galaxies and large-scale structure of the Universe
over multi-billion-year timescales.
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