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Where’s NASA?
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How is NASA Organized?

Mission Directorates:

« Human Exploration and Operations
» Sclence

« Space Technology

e Aeronautics Research



Moon to Mars
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NASA Exploration Campaign
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NASA Science
Mission Directorate

10



NASA Key Science Themes

Discovering the
Secrets of the
Universe

Searching for
Life Elsewhere

Safeguarding and
Improving Life on Earth
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NASA Science Fleet
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Science Mission Directorate
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Parker Solar Probe
A NASA Mission to Touch the Sun

Forward-facing solar
wind ion sensor

Solar array cooling system

High gain antenna

Solar wind
electron sensor

Solar array wings (2) : 3.88
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Rg): 200.6
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New Horizons at Ultima Thule (2014 MUG9)
“Beyond the Borders of the Known World”

New Horizons Journey Through the Kuiper Belt
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GRACE Follow-On

Tracking Earth’'s Water Movement across the Whole Planet

GRACE Data 2002—-2017
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InSight Landing on Mars
November 2018
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Voyager 2 Enters Interstellar Space
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SmallSat / CubeSat Fleet
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Two Recent Cube Sats

ASTERIA

Arcsecond Space Telescope

MarCO
Mars Cube One
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Space Launch System
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James Webb Space Telescope

2021 Launch
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Jet Propulsion Laboratory
Pasadena, California
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Show Me the Planets!



The Early Exoplanet Explorers



How Many Exoplanets Are Confirmed?
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Imaging
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Mamajek’s Law
Doubling Time for Confirmed Exoplanets
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How Are Exoplanets Named?




Seeing an Exoplanet #
Is as Hard as... .




How Are Exoplanets Discovered?

Two Popular Methods

~_

Doppler Spectroscopy
(Radial Velocity)

Transit
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Microlensing Method
Another Way to Find Exoplanets
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Where Are the Exoplanets?

%’ EYES o EXOPLANETS .U....-W
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When Were Exoplanets Discovered?

Credit: Hugh Osborn



Kepler Mission: Three Key Results

1. There are more
planets than stars in
the galaxy

2. Small planets are
common

3. Small planets in the
Habitable Zone are
common

~
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' Planetsize; 2 Barth, T
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A Familiar Habitable Zone
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Habitable Zones
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The Fulton Gap
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Trappist-1

Che New Jork Eimes 55
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A rendering of newly discovered Earth-size planets orbiting a dwarf star named Trappist-1 about 40 light-years from Earth, Some of them could have surface waler
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Trappist-1 System

The Richest Set of Earth-sized Planets Ever Found

TRAPPIST-1 System
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Exoplanet Travel
Bureau
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Transmission Spectroscopy
Sunny with a Chance of Clouds

Secondary Eclipse
See planet thermal radiation
disappear and reappear

Primary Eclipse

Measure size of planet Leamn about atmospheric

See star's radiation circulation from thermal phase
transmitted through the curves

planet atmosphere

Starlight filters through the planet’s
sodium-richatmosphere

Transmission spectroscopy only probes terminator of planet.

7 N\

absorption line spectrum

A A 4
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TESS




TESS
Planet
Predictions

TESS 2-year sky coverage map
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Predicted TESS
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ExoComm
Exploring a Galaxy of Worlds while Inspiring Our Own

RELAX on

IR 165

WHERE YOUR SHADOW ALWAYS HAS COMPANY
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“Exoplanet Earth” Edition

We Are a Leo Sun from Trappist-1

Pianer Hop

- —-—
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The Search for Life in Our Galaxy



Are We Alone?




Do We Understand Life?

A-er - b = - s »
NASA/Joyce Definition:

“A self-sustaining chemical system
capable of Darwinian evolution”



Traits Common to Life on Earth

* Ordered structure

« Reproduction

« Growth and development
* Response to environment
 Homeostatis

« Evolutionary adaptation
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What Is Essential for Life?

Source of Energy

Essential Elements

Solvent to Host Chemical
Reactions
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Extreme Environments Support Life
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Ocean Worlds & Encaladiis

Ganymede

Triton

Shown to scale



Search for
Technosignatures
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Habitable Zone
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Exoplanets in the Habitable Zone

Optimistic Habitable Zone
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HR 8799

2009-07-31

20 au

Jason Wang /
Christian Marois
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Spectra of Our Solar System Planets
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“Blue of the sky”
measures

to nt “Vegetation Earth’s S pe ctra

of re jump”

indicates Carbon dioxide
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.Starlight Su ppreSs'i-dn_'
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Starshade (External Occulter)
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Starshade Inner Disk Deployment
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Starshade Optlcal Shleld




A Simulated Image

3AU
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Spectra Reveals the Type of Planet
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~ WFIRST

JWSTz=.

Exoplanet

Missions

Starshade
Rendezvous®

Neo = NAS A

VIISSIONS

———
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W. M. Keck Observatory r = l
arge Binocular

L NASA/ESA Partnership : Wiyn © SMARTS 1.5m 6

¢ Telescope
2 NASA/ESA/CSA Partnership _ ———
3 CNES/ESA Ground Telescopes with NASA participation

4 ESA/Swiss Space Office

52020 Decadal Survey Studies
6 NSF Partnership (NN-EXPLORE)



Exoplanet Mission Concepts

Large Scale

LS
Habitable \ N
Exoplanet LUVOIR Origins Space
Observatory Telescope
Medium Scale Concepts Visionary
m\\ >
(//\ * ‘g (’J‘?@Nw
< \ \ )
. Starshade ’ Life-Finder
EarthFinder Rendezvous Interferometer

https://science.nasa.gov/astrophysics
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Tau Cetl e
Likely Rocky Super-Earth Orbiting a Nearby Sun-like Star

I 0 A A

| |

05AU 1AU 1.5 AU 2AU
A .
5} f
Mercury Venus Earth Mars
’ &R - .
0.5 AU 1AU 1.5AU 2AU

Credit: F. Feng, University

|
of Hertfordshire

Alded L)
Icebacan ooe. TAURUS
LA J

ORION

- Tau Ceti” -

SE

“Deneb. . .

Kaitos

82



“Astronomers think that many stars
besides the sun have their own
planetary systems, and that some
of these planets may support some
form of life”

“Life” on Far-off Planets

Astronomers think that mar

WATER PLANET'S “FISH"

1962
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Why Explore Exoplanets?

RELAX on

IR 105

SS IS ALWAYS REDDER ON THE OTHER SIDE

WHERE YOUR SHADOW ALWAYS HAS COMPANY
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Explore!



Sagan Exoplanet Summer Workshop
Caltech, Pasadena CA

e Last Year: Did | really just find an Exoplanet?

* This Year. Astrobiology for Astronomers
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On the Brink: Your Path to a New World!

« Canadian Space Agency
« Space Industry

* Universities: small
satellites,
Interdisciplinary
programs

« US universities =>
Institutions like the Jet
Propulsion Laboratory
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Jet Propulsion Laboratory
California Institute of Technology
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