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Alien Earths: The Search for Habitable Worlds around 
Nearby Stars 

With the number of extrasolar planets discoveries increasing rapidly, a key 
emerging frontier of extrasolar planet research is the search for potentially 
habitable planets around nearby stars. It is these relatively nearby planets 
that we may hope to survey in the near future for potential atmospheric 
signatures of life. However, due to the challenging nature of exoplanet 
observations, the majority of nearby planets remains undiscovered. In 
addition, the nature of many known, nearby planets remains still poorly 
understood due to the lack of critical measurements. 

In this talk I will present a large, interdisciplinary project – Alien Earths – that 
is funded by NASA’s Nexus for Exoplanet System Science (NExSS) program 
that aims to address these challenges. Our Alien Earths team works toward 
developing a comprehensive, integrative framework to study and 
characterize nearby planetary systems to determine which of them are more 
likely to harbor habitable worlds. In the talk, I will also show examples — 
such as the tau Ceti system — of how the planetary system architectures 
and presence of nearby planets can be successfully predicted by combining 
system-specific but incomplete information with robust, population-level, 
statistical constraints. I will also describe how Alien Earths combines multiple 
lines of evidence to characterize nearby planetary systems and support 
target selection and the interpretation of observations of future missions that 
search for life on other worlds. 
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Overview of the Solar System



Contents of the Solar System

• Sun 

• Planets: giant and terrestrial 

• Asteroids 

• Comets 

• Trans-Neptunian objects: Kuiper belt objects (e.g. Pluto) and scattered disk 
objects (e.g. Eris) 

• Moons 

• Rings 

• (interlopers)



Rings and Satellites
• Natural satellites have 

been found around all 
planets except Mercury 
and Venus 

• Radii range from to 7 
(Deimos) to 2600 km 
(Ganymede)  

• Some have atmospheres, 
some don’t. 

• All four giant planets have 
rings 

• Jupiter’s ring is tenuous 
while Saturn has broad rings 

• Uranus and Neptune have 
multiple rings too but fewer 
than Saturn.



Interstellar Visitors



Planetary Properties

• Orbit 

• Mass 

• Size 

• Rotation 

• Temperature 

• Atmospheres 

• Interior 

• Surface 

• Age

} Composition



Orbit

• Planets and asteroids orbit in the direction of the solar rotation (prograde) 
• Some Solar System objects are in retrograde orbits (e.g. Triton, some comets) 
• Orbital planes inclined a few degrees (°) or less relative to the solar equator 
• Inclinations measured relative to the Earth’s orbital plane: the ecliptic plane, which is 

7° from the Sun’s equatorial plane 
• Mercury’s orbit is the most tilted, by 7° relative to ecliptic plane (but 3.4° relative to to 

Sun’s equatorial plane!)



Mass
Ways to measure include:  

• orbits of moons around planets 

• perturbations of orbits by other planets 

The gravity of a massive object depends on whether or not it is spherically symmetric. 

Measurements of the gravity at different locations on the object can inform on the 
distribution of mass within the object



Size
• Mass and size give density, which give a general sense of composition (e.g. 

rocky vs. gaseous) 
• Mass and size also give the gravity, and the escape velocity 
• Measurement methods include:

• product of angular size and 
distance from observer

• occultations

• measurement of optical reflectivity 
and thermal emission  

• triangulate with lander + orbiter



Rotation
• Period: the time for an object to complete one revolution around its spin axis 
• Obliquity: the angle between its spin and orbital angular momenta 
• A few different ways to measure, notably 

• surface marking moving with the object’s disk 
• periodicities in the light curve 

• Some examples:  
• most Sun orbiting objects have rotations a few hours to days 
• Mercury and Venus are exceptions, with rotation periods of 59 and 243 

days, respectively 
• the rotation axis of Uranus is close to the plane of its orbit 
• most planetary rotate synchronously with their orbital periods due to tides



Shape

• Self-gravity generally produces spherical 
objects 

• but this depends on mass and size, as 
well as on the strength of the material 

• bodies with radius > 200 km tend to be 
roundish 

• smaller bodies tend to have irregular 
shapes



Temperature and Atmosphere
• The temperature can be estimated from energy balance 

calculations, by equation solar insolation and outward 
reradiation from the planet. 

• caveat: planets often also have internal heat sources  
• caveat: there may be location-specific, diurnal and/or 

seasonal temperature variations

• Spectroscopy of planetary atmospheres at 
different wavelengths can determine their 
composition and structure (temperature-
pressure profile) 

• The Solar System’s diverse planetary atmospheres 
• Jupiter, Saturn, Uranus and Neptune are balls of fluid, 

with surrounding atmospheres dominated by hydrogen 
(H) and helium (He).

• Venus and Mars have carbon dioxide (CO2) atmospheres (much denser for Venus than Mars) 
• Earth’s atmosphere is mainly diatomic nitrogen (N2) and oxygen (O2) 
• Mercury’s atmosphere is dominated by oxygen (O), sodium (Na) and He 
• Titan, Pluton and Triton have N2 atmospheres  
• Io has a SO2 atmosphere 
• The Moon has a tenuous He and argon (Ar) atmosphere



Interior

• Generally, exoplanet interiors are probed indirectly 
• bulk density gives a rough indication of composition (i.e. gaseous vs. rocky); 

limiting cases are more useful but rare. 
• distance from the Sun can indicate what elements condensed where the planet 

formed 
• observations of satellite orbits can inform on the interior mass distribution 
• observations of tidal deformations can inform on the internal structure of moons 
• presence of a magnetic field can indicate the existence of ferromagnetic materials 

or a fluid core

• Magnetic field sources 
• dynamo process (requires a fluid core): giant planets, Earth and Mercury 
• remanent ferromagnetism (charges bound to atoms of a solid in an aligned 

configuration): Mars (in some parts of its crust) 
• interaction between solar wind and conducting regions of the planet: Venus



Surface
• (Surface) composition of the planets, asteroids and satellites shows dependence on 

distance from the Sun: 
• close-in: more refractory 
• further-out: more volatiles

• Surface structure varies greatly between Solar System bodies



Age (and Stellar Mass)



Exoplanets
There are also planets around stars other than the Sun.

Mayor & Queloz (1995)



Class Activity

Which of the properties discussed today do you think we can measure for planets 
around others stars, and why/why not? 



Mass-Period Distribution



Detection Methods: Radial Velocity

K ∝ Mp sin(i) a-1/2


