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How many exoplanets do
we know about”

—xoplanet Discoveries Through the Years

As of May 10, 2016
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== 1,284 Newly Validated Planets
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Kepler Space Telescope




The “Habitable” Zone
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FINndiNng Exoplanets:
The Transit Method
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Relative flux
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FINnding Exoplanets:
The Transit Method

Planet finding sensitivity depends on the radius of
the star and planet.

A big dip

A sta dependent on the star's mass



FInding Exoplanets:
Measuring Radial Velocities
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FINnding Exoplanets:
Measuring Radial Velocities

The magnitude of the wobble depends on the
mass of the star




Low-mass Stars: A Primer

e | ess than 60%
the mass of the
Sun

 Cool stars
(Temperatures
< 4600 K)

« Red dwarfs

- e M dwarfs
& Earth |

Credit: NASA



Low-mass Stars are Everywhere
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Low-mass Stars are Everywhere
(with Earth-sized Planets!)
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They have incredibly long
(hydrogen burning) lifetimes

Current Age of the Universe




They have incredibly long
(hydrogen burning) lifetimes

Current Age of the Universe
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Planets orbit close-In

KOI-961 and Its 3 Known Planets

Jupiter and Its 4 Largest Moons
. lo Europa Ganymede Callisto

Credit: Muirhead et al. (2012)/NASA




Planets orbit close-In

TRAPPIST-1 System

Inner Solar System
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Planets orbit close-in
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Let’s run the numbers

~300,000,000,000 M dwarfs in the Galaxy
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Let’s run the numbers

~300,000,000,000 M dwarfs in the Galaxy
~2.5 planets per star (many in the habitable zone)

~ 750 billion (750,000,000,000)
potentially Earth-like planets in our Galaxy!

Just around low-mass stars!



Looking to the future
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Hubble mirror

Credit: NASA



Biosignatures
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Complications: Energy Output
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Complications: Energy Output
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Complications: Flares
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Complications:
Planetary Collisions

Collisions of Terrestrial Worlds: The Occurrence of Extreme
Mid-infrared Excesses around Low-mass Field Stars

Christopher A. Theissen' and Andrew A. West

Department of Astronomy, Boston University, 725 Commonwealth Avenue, Boston, MA 02215, USA; ctheisse@bu.edu
Received 2016 October 25; revised 2017 February 23; accepted 2017 February 24; published 2017 March 20

Abstract

We present the results of an 1nvest1gat10n into the occurrence and propertles (stellar age and mass tnends) of low-
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Similar to the Moon forming event



Let's not stop looking
for life around low-mass
stars just yet.



Let's not stop looking
for life around low-mass
stars just yet.

Thanks



Normalized flux

Normalized flux

Tabby’s Star
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FINnding Exoplanets:
Direct Imaging

Credit: NASA



FINnding Exoplanets:
Direct Imaging
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FInding Exoplanets:
Astrometry
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FInding Exoplanets:
Microlensing

Credit: NASA



FInding Exoplanets:
Microlensing

Credit: NASA



Transit Timing Variations



Transit Timing Variations



