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Exoplanets are planets
orbiting stars other
than our Sun.

689 known as of 2 October

This talk will cover which exoplanets might be habitable
How to find exoplanets
The Kepler Mission and its results

Conclude with some comments on what this all means



Speculation on the existence of
other habitable worlds is age-old

There are infinite worlds both like
and unlike this world of ours ... we
must believe thatqn all worlds
therg are living treaturesand
2 B

plants and other thmgs we se
this world...

Ep;eurus (341 270 ‘BC)




ldeas of Other Worlds and Other Life
Inspires Us Today

'

Are there Earth-like planets beyond our solar system?

Does life in any form however simple or complex,
carbon-based or other, exist elsewhere than on Earth?



What is a Habitable Planet?

e Right temperature
e Liquid water

e Atmosphere




Distance from its star Q

Planet’ s atmosphere
greenhouse gases



~ The Habitable Zone

~ ‘Coolerstars




Planet Size Affects Habitabilit

Too big (about >10 M__.+,)

Holds onto light gases (Hydrogen and
Helium) too well and turns into a gas giant:
(Jupiter, Saturn, Uranus, Neptune)

Just right (0.5 - 10 M__+}.)

Holds on to heavier gasses (Nitrogen,
Oxygen) long enough to have a

potentially habitable atmosphere (Earth,
Venus)

Too small (about <0.5 M_,.+,)

Can’ t hold onto a life sustaining
atmosphere.
(Moon, Mercury)




Exoplanet Search

Roughly Earth-size planets
In the habitable zones of their stars

Its trickier to sort out planets with water or
greenhouse gasses so we'll start with size and
Habitable Zone distance.



Ways to See Exoplanets

Mass, orbital period and shape:
distance from star

Size, orbital period: distance
from star
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Planets Move Stars

Moves more

Moves less
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We See this Motion in the Star’s Spectrum

Planet moves toward you
Star moves away

shift

Planet moves away from you
Star moves toward you
shift
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Radial Velocity measurement can find planets MASS

RV measurements good for finding large planets

Also too slow.
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Planetary Transits

Transit measurements can find
the size of the planet and
distance from its star but not
its mass.
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Transit Photometry

BRIGHTNESS

TIME IN HOURS




Relative Intensity

Folded Relative Intensity
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Brightness
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Transits Won’t Find ALL Planets

Not all planetary orbits are aligned to produce a transit

|«—— D/2—>{ Orbital radius
\ I

Stellar
Diametew
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1) Range of Pole Positions =g—/2 BN i PP
) \

Only a few percent chance for a given planet to transit
Earth and Sun have only 0.5% chance

Transits last only a few hours each orbit

Must stare constantly at many thousands of stars to find
many planets.

20



A pitfall: False Positives
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Most False Positives are Dilute Eclipsing Binaries

Jupiter Earth Dilute EB
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Follow-up observations confirm planets

Take high resolution pictures to look for extra stars.

Measure the mass of the transiting object with RV.
Stellar mass object means false positive.
Planetary mass means a good planet.

Important for deciding on habitability.
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Kepler Telescope-Photometer

Sunshade Schmidt corrector

Focal plane
detectors

Schmidt Camera - 15° diameter field

95 cm aperture

Primary mirror




Kepler’s 95 Megapixel Camera

>100 square degree
field of view
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Kepler in final assembly
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Kepler Launched March 6, 2009

©2009 Ben Cooper
http://www.launchphotography.com
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Milky Way' Galaxy

. . Perseus Arm
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ield Image

Kepler Full F
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Pre-Kepler Transiting Planets —June 14, 2010
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Transiting Planets —June 15, 2010

with Kepler candidates
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Kepler Candidates — February 1, 2011
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Locations of Kepler Planet Candidates

@® Earth-size

@ Super-Earth size
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@ Neptune-size

2.0 - 6.0 Earth-size

& Giant-planet size

6.0 - 22 Earth-size
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Numbers of Planet Candidates

e 08 Earth-size e 662 Neptune size
e 288 super-Earth size e 165 Jupiter size
662 e 19 super-Jupiter size

165




Kepler Candidates — February 1, 2011
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Kepler Candidates — February 1, 2011

showing temperature
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Planet Temperature & Size

°K

°F

3500°
3000°
Iron melts

2500°
Gold melts 20007
Molten lava

1500°

1000°
Lead melts mp

Water boils 212°
Water freezes 32°

Kepler-9d
@

Kepler-10b

—1000° Kepler-11b

1500°
Kepler-4b

Kepler-9b
—@ ‘Kepler-1 1c
Venus Kepler-11d Kepler-9c
———Mercu s Kepler-11e ,
- . Kepler-11f
= 500° »
W Kepler-10c
=573° OEarth Kepler-11g

(L

| —‘ Neptune
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Kepler-10b

Rocky planet around a star a lot llke the Sun
560 llgh’r-years away '

1.4 x Earth size
4.6 X Earth mass

70 x closer to |’rs star than Ear’rh
19 hour orbit
2800 F surface temperature

42



Kepler-10c




."Clrcumbmary orbit

Kepler 16b

: _Sa’rurn size plane’r

+ . Like Ta’roome in’ S’rar Wars

  41 day orbl’r

- Just ou’rsnde oF HZ -126 F ’remperafure : .




Multiple Planet Systems




Tran8|t Slgnature Of a4
I\/Iultlple Planet System
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" Kepler-11 System < 4

___ SolarSystem

i

" Lissauer, et al., Nature v470, pp 53-58 (03 February 2011
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FIND THEM. BEFORE THEY FIND US.

N
N\
\

KEPLER TEAM:
NASA AMES RESEARCH CENTER . SPACE TELESCOPE SCIENCE INSTITUTE (srscy, BALL AEROSPACE, DEEP SPACE NETWORK s,

JET PROPULSION LABORATORY e, LABORATORY FOR ATMOSPHERIC axo SPACE PHYSICS s, SETI INSTITUTE,
SMITHSONIAN ASTROPHYSICAL OBSERVATORY, so LAWRENCE HALL OF SCIENCE

asiw ey EXPLORATION, INNOVATION, AND DISCOVERY m assocterion wirs RESEARCH, SCIENCE, TECHNOLOGY, ENGINEERING, AND MATH
saooucen THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION pese). NASA ewsraces BOLD oeverosuent o NEW TECHNOLOGIES
1o PROPEL EXPLORATION raou ous ows HOME PLANET ro 14 BOUNDARIES of our SOLAR SYSTEM ro 1 sesmumcs or THE UNIVERSE.
INTERNATIONAL PARTNERSHIPS wiut ruet ous CAPABILITIES wirk srearea RESOURCES mo INTELLECTUAL PROWESS
JOIN US ox OUR JOURNEY TO THE FUTURE ron THE BENEFIT o ALL HUMANKIND.

NOW SHOWING



