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NASA
Government Agency for

Aeronautics, Space 
Exploration and Earth 

Science

Caltech
Educational Institution

Jet Propulsion 
Laboratory

Operating Division of 
Caltech; 

Federally Funded Research 
& Development Center

JPL has expertise in:

• Science

• Engineering

• Technology

• Programs/projects
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https://www.youtube.com/watch?feature=player_detailpage&v=K9vIK2_l22U#t=26
https://www.youtube.com/watch?feature=player_detailpage&v=K9vIK2_l22U#t=26


The NASA Exoplanet Exploration Program

Purpose described in

2014 NASA Science Plan

1. Discover planets around other stars 

2. Characterize their properties 

3. Identify candidates that could harbor life 

The Search for Life in our Galaxy 



What we Know



Approach #1
The Search for Life in our Solar System



Credit:  Kevin Hand



Credit:  Kevin Hand



• Watching• Listening

Approach #2

Listening and watching for signs of 

intelligent life



Approach #3:

Probing the atmospheres 
of exoplanets for gases 
related to possible life. 

photo credit: dbking



1. Finding Exoplanets



Exoplanets 20/20
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Transit Method



Direct Imaging Method



Radial Velocity Method



Gravitational Microlensing Method



Exoplanets for $1000, please!
May 2014



Kepler Field

Credit:  Carter Roberts





Planets orbiting 

other stars in the 

Galaxy are 

common

. 

1

Kepler’s Amazing Results:



> 400 billion planets in our Galaxy





Extending Kepler’s Power to the Ecliptic

K2



Caltech/NASA artwork

Where are the discovered Exoplanets?



Q&Alien Video Series: Exoplanet Names

CL#14-1208

Thank you Josh Rodriguez!



2. What are Exoplanets Like?



29

Artist’s concept of Kepler-11 system
Credits: NASA/JPL-Caltech



Planetary object transiting a white dwarf 



Hot Jupiters



Planets with Two Stars





Nomad planets: not bound to any star at all!





Kepler-444





Let’s visit Kepler-186f !



Latest Travel 

Poster

Commemorating the 

20th Anniversary of 

the Discovery of the 

First Exoplanet

(10-6-1995)



Gauging the Size of Alien Worlds

Credit NASA/JPL-Caltech
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Planets orbiting 

other stars in the 

Galaxy are 

common

. 

1
Planets with sizes 

between 0.5 and 2 

times Earth 

are the most 

common

2

Kepler’s Amazing Results:

What about the Habitable Zone?





Q&Alien Video: Habitable Zones



Kepler 452 b:  Earth’s Bigger, Older Cousin





What are Exoplanets Like?

Lopez & Fortney (2014)
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Planets orbiting 

other stars in the 

Galaxy are 

common 

. 

1
Planets with sizes 

between 0.5 and 2 

times Earth are the 

most common

2
Planets with sizes 

between 0.5 and 2 

times Earth that 

orbit in the 

Habitable Zone of 

their stars are 

common

3

Kepler’s Amazing Results:



3. Search for Habitability and for 

Signs of Life 



ExoPlanet Exploration Program

Approach #3:

Probing the atmospheres 
of exoplanets for gases 
related to possible life

Credit: dbking



O2 CH4H2O



Rayleigh 

Scattering Vegetation 

Edge

Turnbull et al. 2006

Detecting Life on an Exoplanet
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An Earth-size planet in the 

habitable zone of a Sun-like 

star is very faint 

- 10 billion times fainter!

Direct Imaging Exoplanets Challenge #1:

Contrast



1/18,000 of a degree
(1 AU at 33 lyr)

Earth

0.5⁰

Direct Imaging Exoplanets Challenges #2:

Resolution



firefly



Starshade

Coronagraph

s

Two Direct Planet Imaging Techniques



Starshade Animation

Exo-S Final Report to 

NASA APS - March 18, 
© 2015 California Institute of Technology



Coronagraph Animation

59

Play 

video 

here



WFIRST / AFTA
Dark Energy, IR Survey, Exoplanet Census, Imaging and Spectroscopy



Possibilities for the New Worlds Telescope

(mid-2030s)

Large Ultra-Violet 

Optical Infrared 

Telescope (LUVOIR)

Habitable Exoplanet 

Imaging Missions 

(Hab-Ex)

coronagraph

starshade



ExoPlanet Exploration Program

Jet Propulsion Laboratory

California Institute of Technology

Spitzer

Kepler

JWST

TESSMissions

New 
Worlds 
Telescope

WFIRST / 
AFTA

Gaia

PLATO

CHEOPS

NASA
Missions

ESA/European
Missions

1 NASA/ESA Partnership
2 CNES/ESA

Hubble1

CoRoT2

Habitable Exoplanet Imager

L-UV-OIR

Large Binocular 
Telescope Interferometer NN-EXPLORE

Ground Observatories



We shall not cease from exploration, and the end of all our exploring will 

be to arrive where we started and know the place for the first time.

T. S. Eliot

Coming Home…



Image Credit: Ross Manges

The galaxy is teeming with small exoplanets in the 

habitable zones of their stars

We now have the technology to study the 

atmospheres of nearby exoplanets

NASA scientists are actively designing the 

missions to look for signs of life on these worlds



Coming 
home…

“And on these other worlds, are there beings who 

wonder as we do?”  Carl Sagan
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• Backup



Summer Undergraduate Research Fellowships (SURF) Program 

Opportunities at JPL/Caltech

• https://www.sfp.caltech.edu/programs/surf

https://www.sfp.caltech.edu/programs/surf


SURF Program

Announcement of Opportunities (AOs) 

• http://announcements.surf.caltech.edu/index.cfm?event=ShowAOPublicList&type=SURF

http://announcements.surf.caltech.edu/index.cfm?event=ShowAOPublicList&type=SURF
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