
Introduction to exoplanets 

Jiří Žák

Astronomical institute of Czech Academy of Sciences

zak@asu.cas.cz

Jovian population



My career path

• 2018 Bc from Masaryk University, Brno, Czechia
• 2019 ERASMUS stay at IAC, La Palma, Spain
• 2020 MSc from Masaryk University, Brno, Czechia





My career path

• 2018 Bc from Masaryk University, Brno, Czechia
• 2019 ERASMUS stay at IAC, La Palma, Spain
• 2020 MSc from Masaryk University, Brno, Czechia
• 2020-2024 PhD at ESO Garching, Germany
• PhD at the university of Jena, Germany



My career path

• 2018 Bc from Masaryk University, Brno, Czechia
• 2019 ERASMUS stay at IAC, La Palma, Spain
• 2020 MSc from Masaryk University, Brno, Czechia
• 2020-2024 PhD at ESO Garching, Germany
• PhD at the university of Jena, Germany

• Currently PostDoc at ASU 
• Research interest: exoplanets, binaries, stellar parameters



Extrasolar planets

• Planets orbiting stars other than the Sun
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What is an exoplanet?

• IAU working definition



What is an exoplanet?

• Planets: Mass below the deuterium fusion limit (~13 Jupiter 
masses), distinguishing it from brown dwarfs

• Brown dwarfs: Below the mass of stars but above planets (~13 to 
~ 75 Jupiter masses), cannot fuse hydrogen to helium but can fuse 
deuterium and in some cases lithium
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Extrasolar planets

• Planets orbiting stars other than the Sun
• Early modern ideas in the 1950s by Otto Struve
• First firm detection by Wolszczan et al. (1992) around a pulsar
• First planet around a main sequence star (Mayor & Queloz, 1995)

• Currently around 6000 confirmed planets and 1000 multi-
planetary systems with a large diversity





Hot Jupiters





Key questions

• How do planets form and evolve?
• Is our own Solar System unique?
• What are exoplanets made of? 
• What are the physical processes shaping them?



Discovery methods





Discovery methods

• Transit
• Radial velocity
• Astrometry
• Microlensing
• Many others
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Transit method

• Most  common
• HD 209458 b (Charbonneau and Henry) in 1999
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Transit method

• Most  common
• HD 209458 b (Charbonneau and Henry) 1999
• Bias towards large planets on short orbits
• Kepler and TESS missions, soon PLATO
• Only provides planetary radius, information on mass is missing



Radial velocity method





Astrometry

• Measure a star's position to find small, periodic wobbles caused 
by an orbiting planet's gravitational pull.

• Astrometry missions: Gaia 



Astrometry

• Measure a star's position to find small, periodic wobbles caused 
by an orbiting planet's gravitational pull.

• Astrometry missions: Gaia
• Biases towards nearby star hosting massive planets at large 

separations
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Planetary temperature

• Depends on the orbital distance, radius and temperature of the 
star

• Albedo: a fraction of the light that is diffusely reflected by a body.

• Atmosphere, tidal heating etc.
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Planet formation

Andrews+
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Evolutionary pathways of exoplanets



How to study fully formed exoplanets?

• Exoplanetary atmospheres
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Transmission spectroscopy

ESO
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Atmospheric properties and detactability

• Scale height: increase in altitude for which the atmospheric 
pressure decreases by a factor of e

• Transmission Spectroscopy metric



Rustamkulov+23
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 Aligned

accrete oxygen  rich solids lowering C/O

Do not accrete, hence 
Higher C/O ratio

Misaligned





How to study fully formed exoplanets?

• Exoplanetary atmosphere

• Orbital dynamics
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Rossiter-McLaughlin effect

• Spectroscopy phenomenon during transit
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• Spectroscopy phenomenon during transit

• Predicted by Holt in 1893
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Rossiter-McLaughlin effect W. Welsch



Rossiter-McLaughlin effect

Winn (2010)



Rossiter-McLaughlin effect

Winn (2010)

• Allows for determination of the projected angle between the 
stellar spin axis and the orbital plane



Types of orbits

princeton.edu



Misaligned orbits

• High eccentricity migration
• Stellar or planetary companion

Petrovich



Misaligned orbits

• High eccentricity migration
• Stellar or planetary companion
• Stellar fly-by

Li et al. (2019)



Misaligned orbits

• High eccentricity migration
• Stellar or planetary companion
• Stellar fly-by
• Primordial misalignment

NASA



Formation mechanism

• R-M effect can be used to study the history of the system

R. Dawson



Stellar variability

• Rotational modulation to derive stellar rotation

Skarka & Žák+22



Stellar variability

• Rotational modulation to derive stellar rotation and inclination



Stellar variability

• Rotational modulation to derive stellar rotation and inclination

• This allows us to compute Ψ - True obliquity



Masuda



Gratia+2017



R. Dawson



Spalding+22



Yu+25 Bourrier+21

AU Mic HD 3167

Planet c on 19d orbit

Planet b on 8d orbit Planet b on 1d orbit

Planet c on 19d orbit



Transmission spectra

Žák+24



Questions?
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