
Looking for Exoplanets
IV

Transit
Radial Velocity

Jim Rauf

OLLI Fall 2021 1



Looking for Exoplanets - Status 

NASA data (10-12-21)

• 4,528 confirmed exoplanets 

• 7,798 candidate exoplanets

• 3,360planetary systems

Discovery Methods

• Radial Velocity 879

• Direct Imaging 3,421

Planet Types

• Gas Giant (1,436)

• Neptune-like (1,532)

• Super Earth (1,389)

• Terrestrial (166)

• Unknown (5)
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Looking for Exoplanets – Transit Method

• The transit method detects a periodic decrease  in 
a star’s light flux when a planet passes in front of 
the star and blocks some light

• The transit  method has discovered more 
exoplanets than other any other method

• It represents the  best option for finding earth-like 
planets with current technologies

• This method allows for determining the 
composition of the planet’s atmosphere by 
studying the high-resolution stellar spectrum of 
the light from the star that passes through the 
upper atmosphere of the planet
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https://youtu.be/xNeRqbw18Jk



Looking for Exoplanets – Transit Method

• The transit  method only works for star-planet 
systems that have orbits aligned in such a way 
that, as seen from Earth

• The planet travels between us and the star and 
temporarily blocks some of the light from the star 
once every orbit

• A planet does not usually block much light from a 
star, (only 1% or less) but this can be detected

• This method will not work for all systems, 
however, because only about 10% of hot Jupiters
are aligned in such a way that we see them transit

• Smaller planets in larger orbits are even less likely 
to be aligned in such a way that we can observe 
transits

• For planets that do transit, astronomers can get 
valuable information about the planet's 
atmosphere, surface temperatures and size 
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Looking for Exoplanets – Transit Method

• For most sun-like stars, an orbiting planet even as large as a brown dwarf will only cause an observed 
reduction in brightness of the star of a few percent or less during a transit

• Like the radial velocity method, this method has a bias towards discovering large planets orbiting close to 
their stars, because larger planets block more light and transit more frequently so they are easier to detect

• There is also a bias towards finding big planets around small stars

• But at the extreme ends of the scale, planets can be almost as big as their stars!

• There's a lot of current interest in detecting planets around the smaller, cooler, late-spectral type stars such 
as M-dwarfs

• These are just hot enough to sustain the hydrogen burning that distinguishes them from brown dwarfs

• But very late-M dwarfs can be tiny, down to about 0.1 the radius of the Sun

• At the other end of the scale, brown dwarfs and gas giant planets up to tens of times the mass of Jupiter are 
all approximately the same size: as large as or a little bit larger than Jupiter

• So a gas giant transiting a late-M dwarf blocks a large percentage of the light from the star during a transit 
and in theory, there could be gas giant planets orbiting brown dwarfs which could be totally eclipsing!
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Looking for Exoplanets – Transit Method

Two quantities which are immediately obvious:

• 1-Depth - what fraction of the light was blocked 
during the transit?

• 2-Duration - how long did it last?

• 3-Period - how long does it take the planet to 
complete one revolution of its star? 
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Looking for Exoplanets – Transit Method

Two quantities which are immediately obvious:

• 1-Depth - what fraction of the light was blocked 
during the transit?

• 2-Duration - how long did it last?

• 3-Period - how long does it take the planet to 
complete one revolution of its star? 

Given only the transit light curve one can deduce:

• δ = fractional depth of transit

• T = duration of transit

• P = period of transits

The relative sizes of the host star and the planet are 
related to the depth 
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Looking for Exoplanets – Transit Method
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• If we compare the duration of the transit to 
the period of revolution, we can find a 
different ratio involving the radius of the 
host star, Rs 

• The angle θ can be related to a ratio of 
distances, but also to a ratio of times



Looking for Exoplanets – Transit Method

• Once the distance to  a star is determined
• Parallax method
• Cepheid variables

• Its mass can then be determined

• The star’s apparent luminosity (how bright it is as 
seen from the Earth)  is measured

• Knowing the stellar distance , the actual brightness 
or luminosity of the star can be determined
• Inverse square law

• Since luminosity is directly related to mass for a 
given star type (Hertzsprung-Russel diagram), the 
star’s mass can be deterrmined
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Looking for Exoplanets – Transit Method

• Once the properties of the parent star are known, 
certain properties of the exoplanet can be 
characterized
• Orbital radius
• Planet radius
• Planet  mass

• Using Kepler's Third Law (shown below)

• Where 'G'  is Newton's Gravitational Constant

• P, is the orbital period of the exoplanet

• M is mass of the star

• M is the mass of the exoplanet and can be ignored 
since it is much smaller than the mass of the 
parent star

• a is the planet’s orbital radius

• Planet Mass
• The mass of the planet can be calculated using 

Newton's Law of Gravitation 

• G is the Gravitational constant
• m1' is the mass of the parent star
• r is the orbital radius (a in the equation above)
• Fg is the force of gravity between the parent star 

and the exoplanet
• The force of gravity can be determined from the 

Doppler shift measured using the radial velocity 
method

• The equation can be solved for the final remaining 
variable, m2, which is the mass of the exoplanet
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Looking for Exoplanets – Transit Method

• If we see the distinctive dip in the light  curve of a 
planetary transit, we know the orbit must be 
nearly edge-on relative to us

• So we can accurately measure the system's orbit 
and its physical properties

• When the planet transits, a small amount of light 
from the star passes through the atmosphere of 
the planet

• The spectrum of the planet's atmosphere can 
reveal a lot about its chemical composition
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Looking for Exoplanets – Transit Method

• Planet Radius

• To determine the planet radius, the brightness 
drop of the parent star that occurs during a 
planetary transit is measured

• This brightness drop is directly related to the ratio 
of the planet radius to the radius of its parent star, 
as shown in the image below

• The radius of the parent star can be calculated 
using the Stefan-Boltzmann Law

• The average density of the exoplanet is the mass
by the volume, where the volume is determined 
using the radius calculated above 
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Looking for Exoplanets - Transit Method
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Looking for Exoplanets – Radial Velocity Method

• The Radial Velocity Method does not of looking for 
signs of planets themselves - it observes a star for 
signs of movement

• This is deduced by using a spectometer to measure 
the way in which the star’s spectral lines are 
displaced due to the Doppler Effect 

• How light from the star is shifted towards the red 
or blue end of the spectrum (redshift/blueshift)

• Redshift – indicates the star is moving away from 
Earth 

• Blue shift – indicates the star is moving towards) 
Earth

• Based on the star’s velocity, astronomers can 
determine the presence of a planet or system of 
planets

• The speed at which a star moves around its center 
of mass, which is much smaller than that of a 
planet, is measurable using today’s spectrometers
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Looking for Exoplanets – Radial Velocity Method

• Until 2012, the Radial Velocity Method was the 
most effective means of detecting exoplanets

• Since  then  the Transit Method has become more 
productive in “finding” exoplanets 

• The Radial Velocity Method remains a highly 
effective method and is often used in conjunction 
with the Transit Method to confirm the existence 
of exoplanets and place constraints on their size 
and mass

Doppler Effect of light from parent star

OLLI Fall 2021 15



Looking for Exoplanets – Radial Velocity Method

• The Radial Velocity method was the first successful 
means of exoplanet detection, and has had a high 
success rate for identifying exoplanets in both 
nearby and distant star systems
• Nearby - Proxima b and TRAPPIST-1‘s seven 

planets 
• Distant - COROT-7c

• One of the main advantages is that it allows for the 
eccentricity of the planet’s orbit to be measured 
directly

• The radial velocity signal is distance-independent, 
but requires a high signal-to-noise-ratio spectra to 
achieve a high degree of precision

• It is generally used to look for low-mass planets 
around stars that are within 160 light-years from 
Earth

• But can still detect gas giants up to a few thousand 
light years away

• Low mass stars are more affected by the 
gravitational tug of planets and because such stars 
generally rotate more slowly (leading to more clear 
spectral lines)

• The Radial Velocity Method is highly useful for two 
reasons

• For one, M-type stars are very common 

• About 70% of stars in spiral galaxies and 90% of 
stars in elliptical galaxies

• Second, recent studies have indicated that low-
mass, M-type stars are the most likely place to find 
terrestrial planets

• The Radial Velocity Method is therefore well-
suited for the study of Earth-like planets that orbit 
within the habitable zones of red dwarf stars
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Looking for Exoplanets – Radial Velocity Method

• Mass of planet in terms of mass of the Sun:

• Assume circular orbit and conservation of 
momentum
• M - mass of star
• V – velocity amplitude of the star
• P – period of planet in years
• A – semi major axis of orbit in AU
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• Another major advantage is the way the Radial 
Velocity Method is able to place accurate 
constraints on a planet’s mass

• Although the radial velocity of a star can only yield 
estimates a planet’s minimum mass, distinguishing 
the planet’s own spectral lines from those of the 
star can yield measurements of the planet’s radial 
velocity

• This allows astronomers to determine the 
inclination of the planet’s orbit, which enables the 
measurement of the planet’s actual mass

• This technique also rules out false positives and 
provides data about the composition of the planet

• The main issue is that detection is possible only if 
the planet orbits around a relatively bright star 
and if the planet reflects or emits a lot of light



Looking for Exoplanets – Radial Velocity Method

• The Radial Velocity Method also has some 
drawbacks

• It is not possible to observe hundreds or even 
thousands of stars simultaneously with a single 
telescope – as is done with Transit Photometry

• The Doppler spectrography can produces false 
signals, especially in multi-planet and multi-star 
systems

• These limitations can be mitigated by pairing 
Radial Velocity measurements with another 
method, the most popular and effective of which 
is Transit Photometry

• Planet’s that have highly inclined orbits (relative 
to the observer’s line of sight) produce smaller 
visible wobbles, and are therefore harder to 
detect

• In the end, the Radial Velocity Method is most 
effective when paired with Transit Method, 
specifically for the sake of confirming detections 
made with the latter method

• When both methods are used in combination, the 
existence of a planet can not only be confirmed, 
but accurate estimates of its radius and true mass 
can be made
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https://youtu.be/B-oZYm3L1JE

https://exoplanets.nasa.gov/5_ways_content/vid/radial_velocity.mp4?_=1



Looking for Exoplanets – Radial Velocity Method
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Looking for Exoplanets

Next session
• Gravitational Lensing
• Formation of the Solar System
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