Earth 2.0 : NASA's Search for
Earth-size Planets

Image credit: NASA
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What fraction of stars in our galaxy harbor
potentially habitable, Earth-size planets?




The “habitable zone”
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The “habitable zone”

 Sunlike Stai

" Cooler Stars




Estimating the # of advanced civilizations in the Milky Way

Which factors do you think are important?




42" The Drake Equation s>
~ N=R*- f-n-f-1-1 LSS

Where:

N = # civilizations in Galaxy w/detectable electromagnetic emissions

R* = Rate of star formation suitable for the development of intelligent life
f, = Fraction of those stars with planetary systems

n. = Number of planets, per solar system, with environment suitable for life
fi = Fraction of suitable planets on which life actually appears

fi = Fraction of life-bearing planets on which intelligent life emerges

f. = Fraction of civilizations that develop a technology that releases
detectable signs of their existence into space

L. = Length of time such civilizations release detectable signals into space



Kepler launch
06 March 2009

Cape Canaveral
Delta Il rocket
0.95 m mirror
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Where does Kepler search?
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The primary Kepler mission

Milky Way' Galaxy

-

Image: NASA
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Exoplanet Detection Methods

Radial velocity

Pulsar timing

Direct imaging
Gravitational microlensing
Transit

Polarimetry

Astrometry



Exoplanet Detection Methods

Radial velocity
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Image: European Southern Observatory



Exoplanet Detection Methods

Radial velocity

Preferentially detects HOSTSTAR _
large, close-in planets . """""
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Only provides lower
limit to mass

EXOPLANET

Image: European Southern Observatory



Exoplanet Detection Methods
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Pulsar timing
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Exoplanet Detection Methods

Direct imaging

Prefers infrared-
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bright planets A proors
far from faint stars

arth

Image: European Southern Observatory



How does Kepler search?
Transit photometry

150,000 stars observed
Planets may occult their parent star

Image: NASA



The first recorded tran5|t of Venus
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Image credit: Ford Madox Brown, mural at Manchester Town Hall






Image credit: NASA

Transit Signature of a
Multiple-Planet System

Planats can b
distinguishead by :
« Different periods.
« Different degths

» Diffarant durations







How does Kepler search?
Transit photometry

Kepler provides planetary “candidates”
Ideally confirmed by another technique

10% false positives:
Tightly bound or dim binary star companion
Stellar pulsations
Periodic instrumental glitches

Image: NASA
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Exoplanet Detection Methods

. radial velocity
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1600

B Exoplanets Discovered by Year (as of 2017-03-08)
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New Kepler Planet Candidates

As of June 2017

O Previously Known @ New
25 % ze T Bep BT O € 2
@

=h
=]

N

Size Relative to Earth (Radius)

T 10 10 1000
Total = 4,034 Orbital Period (Days)



Kepler Habitable Zone Planets

As of Jupe 2017
() Confirmed @ Candidates @ New Candidates

6500

E§r 79 601 MARS

317!1 EI1

5500f

4500¢F

Surface Temperature of Star

3500} &

8012.01

3.0 1.0 0.3
Energy Received by Planet

Image: NASA



Kepler 62
system
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Kepler-62 System

Habitable Zone
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Mercury Venus Earth Mars

Image credit: NASA Ames/JPL-Caltech Solar SyStem



22% of Sun-like stars harbor
Earth-size planets orbiting
in thEir habitable ZOHES (Petigura et al. 2013)
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Extrapolate the result to the entire
Milky Way: 40 billion habitable

Earth-size planets petguraeta. 2013

e : L
Ll L . 1

... s = -- '- 2
i P o .

ot -

T W

- - " v & § Fa # 1
t -l. » '_"' _ B g L1 Fra
S R T B . L .. 1
L h.l. ) Y .;" ¥
TR ‘T g :
B o | " .
] =Ll I = A i ’a - . 1 .-;1 & e -]
L ..I i a
L = " -
= _—
we A 2

Image: NA



Current Potentially Habitable Exoplanets

Ranked in Order of Similarity to Earth
H#1 H2 H3 #4 #5 Hb6
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- The Drake Equation

TN=Refn gt

Where:
N = # civilizations in Galaxy w/detectable electromagnetic emissions
R* = Rate of star formation suitable for the development of intelligent life
f, = Fraction of those stars with planetary systems
= Number of planets, per solar system, with environment suitable for life
fi = Fraction of suitable planets on which life actually appears
fi = Fraction of life-bearing planets on which intelligent life emerges

f. = Fraction of civilizations that develop a technology that releases
detectable signs of their existence into space

L. = Length of time such civilizations release detectable signals into space
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,,m,f The Drake Equation
N~10-1-02-?2-2?2-2?2-7?

Where:
N = # civilizations in Galaxy w/detectable electromagnetic emissions
R* = Rate of star formation suitable for the development of intelligent life
f, = Fraction of those stars with planetary systems
n. = Number of planets, per solar system, with environment suitable for life
fi = Fraction of suitable planets on which life actually appears
fi = Fraction of life-bearing planets on which intelligent life emerges

f. = Fraction of civilizations that develop a technology that releases
detectable signs of their existence into space

L. = Length of time such civilizations release detectable signals into space



)

‘@< The Drake Equation

Progressing from left to right, the equation is increasingly uncertain.

The equation is conceptual, something to start a conversation on how
to approach a search for life.

Fermi Paradox: Where are they?



Exoplanets By the Numbers

As of April 2018: 4496 candidates; 3717 confirmed; 927 terrestrial

Galaxy Total: ~40 billion

22% of Sun-like stars harbor Earth-size, habitable planets
Nearest: Proxima b at 4 lyr

Mass range: a few lunar masses to 30 Jupiter masses

Orbital periods: a few hours to thousands of years
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