
Chapter 14: Exoplanet
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HR 8799
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A decade of orbital motion
Jason Wang
Christian Marois

HR 8799 system
4 giant planets





Most Stars in Our Galaxy Host Planets



5000 exoplanets… and counting!

Transits
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5000 exoplanets… and counting!
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Radial Velocity
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Radial Velocity

11https://www.youtube.com/watch?v=rN7uuqLKv0I&list=PL10JmIrFKLduQLO62_MtI3QSZG4PoiiC1&index=1

radial velocity of the star
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Radial Velocity

Mayor & Queloz 1995

First exoplanet around a sun-like star
Nobel prize 2019

Semi-amplitude K

K
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Mayor & Queloz 1995

51 Peg

RV constraints on eccentricity



RV multi-planet systems

One planet

51 Peg v  Andromadae

Two planets
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RV measurements require a large number of narrow spectral lines. 
Thousands of such lines of depth > 1% are present in most main 
sequence stars similar to the Sun and cooler (FGK).

The hottest stars (ABO) have few features in their optical spectra.

Radial Velocity Spectrum of OBAFG stars

Supplemental reading: stellar classification
https://en.wikipedia.org/wiki/Stellar_classification 16



Radial Velocity
Jupiter
Jupiter + Saturn
All planets
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Astrometry

https://www.youtube.com/watch?v=l46-8PvT44Y 18
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Astrometry Jupiter
Jupiter + Saturn
All planets
Solar disk
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Transit

https://www.youtube.com/watch?v=FVGnspcYQ4Q&list=PL10JmIrFKLduQLO62_MtI3QSZG4PoiiC1&index=3 22



Transit: Photometry

Transit probability
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Transit depth



Solar system planet transits

24S. Quanz Lecture notes, ETH Zurich



25



26

Different colors are at different wavelengths



Transit: Timing Variation

NASA 27



Radius Mass
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Microlensing

https://www.youtube.com/watch?v=FHh0Qx7LPJY

Gravitational microlensing occurs when the gravitational field of a lens star acts like a lens, magnifying the light of a distant 
background star. This effect occurs only when the two stars are almost exactly aligned. 29



Microlensing

• Only observable when the 
source and the lens are 
very well aligned 
(separation on the order 
of the Eisenstein radius)
• Typical Eisenstein radius: 1 

mas, or 5e-9 radian
• Need to monitor millions 

of stars to identify 
microlensing events



Direct Imaging

Contrast between the planet 
and the host star?
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Direct Imaging

Credit: NASA

Fl
ux

Planck’s law
https://en.wikipedia.org/wiki/Planck%27s_law

Stefan–Boltzmann law
https://en.wikipedia.org/wiki/Stefan–Boltzmann_law

Rayleigh-Jeans law 
https://en.wikipedia.org/wiki/Rayleigh–Jeans_law

Wien's displacement law
https://en.wikipedia.org/wiki/Wien's_displacement_law
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https://en.wikipedia.org/wiki/Rayleigh%E2%80%93Jeans_law
https://en.wikipedia.org/wiki/Rayleigh%E2%80%93Jeans_law
https://en.wikipedia.org/wiki/Rayleigh%E2%80%93Jeans_law


Brightness ratio 
between a star 
and the earth
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Observations of Exoplanets
14.3
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Basic Properties

a (p) mp

rpL

Radial Velocity

Transit

Transit Timing Variation

T
Direct Imaging

DI with spectrum

e
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Credit: Christian Marois

Directly image a planet 
at multi-wavelength

Samland+17

Spectrum of an exoplanet: from direct imaging
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Samland+17

Models

Spectrum of an exoplanet à Atmosphere properties
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Kepler Mission

40https://www.youtube.com/watch?v=3Wxd3fDFmO4



D. Fabrycky
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Some 
Kepler 
Discoveries
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Doyle+11

Example of Kepler’s discoveries:
Circumbinary Planets

https://en.wikipedia.org/wiki/Kepler-16



Exoplanet Properties and 
Demographics

14.4 & 14.5
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Density of exoplanets: Need both radius and mass
Radius Mass

RV

TTV
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Example:



Mass-Radius 
Relationship
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https://en.wikipedia.org/wiki/Ternary_plot

triangular representations of 
the compositions of objects that 
can be expressed by mixtures of 
three components.



Fig. 14.22

Earth
Mass-Radius 
Relationship



Mass-Radius 
Relationship
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Stellar irradiation
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Is the solar system 
common?


