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\ The Search for Life in our Galaxy

Excellence: Explore, Inspire, Aspire !

Planet Earth




NASA Highlights
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Jet Propulsion Laboratory
Pasadena, California
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How is NASA Organized?

Mission Directorates:

« Human Exploration and Operations
e Sclence

« Space Technology

« Aeronautics Research



Moon to Mars

v - " Gateway ~
Commercial Lunar 7 ~ PPE- Habitat - Airlock - Logistics
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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
Mission Directorate
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NASA Science Fleet
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GRACE Follow-0On

Tracking Earth’s Water Movement across the \Whole Planet

GRACE Data 2002-2017
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James Webb Space Telescope
2021 Launch
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Voyager 2 Enters Interstellar Space
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The Search for Life in our Galaxy



Are We Alone?




Do We Understand Life?

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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“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

WATER PLANET'S “FISH"

1962
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Seeing an Exoplanet #
Is as Hard as... S




How Are Exoplanets Discovered?

Two Popular Methods

—_~

Doppler Spectroscopy
(Radial Velocity)

Transit

A



Where Are the Eggsoplanets?
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HR 8799

2009-07-31

20 au

Jason Wang /
Christian Marois
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When Were Exoplanets Discovered?

10000

1000

*
= 3 3

(<]

Mass (Earth masses)

om

0.001

The History of Exoplanet Detection

4

¢ 1710
6

®O D

Hugh Osborn

10 100

Credit: Hugh Osborn

a0 o

| Period (yéars)

Exoplanets

CONFIRMED NASA CANDIDATES PLANETARY SYSTEMS
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Kepler Mission: Three Key Results

1.

. Small planets are

. Small planets in the .'

There are more
planets than stars in
the galaxy

common

o HABTABEIONE

Habitable Zone are B oy
common
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A Familiar Habitable Zone
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Diversity of Exoplanets
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Exoplanet Types

Exoplanet Types

Terrestrial

Earth-sized or smaller, mostly
made of rock and metal. Some
could possess oceans or
atmospheres and perhaps
other signs of habitability.

Neptune-Like

Similar in size to our own

Neptune and Uranus, with hydrogen
or helium-dominated atmospheres.
“Mini-Neptunes,” not found in our

solar system, are smaller than Neptune
but larger than Earth.

Super-Earth

Typically “terrestrial,” or
rocky, and more massive
than Earth but lighter than
Neptune. They might or
might not have atmospheres.

Gas Giants

The size of Saturn or Jupiter, or much
larger. They include “hot Jupiters"- scorching
planets in close orbits around their stars.
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Understanding Exoplanets
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 absorption line spectrum
sodium-richatmosphere = Spec

Transmission spectroscopy only probes terminator of planet.
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Spectroscopy
Detection of Biosignatures
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Habitable Zone

HabitableZone"

1 |

Mass of star rdativeto Sun
. 3 - '
SN F

Radius of orbit rdativeto Earth's
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Exoplanets in the Habitable Zone
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Spectra of Our Solar System Planets
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“Blue of the sky”

measures
to t “Vegetation
of jump”
indicates

presence of
land plants
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Earth’s Spectra
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Starshade (External Occulter)
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Exoplanet

Missions
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Excellence:
Explore, Inspire, Aspire!



Explore: to traverse for the purpose of discovery;
to scrutinize, to examine

iInspire: to fill with animating influence;
to impel

Aspire: to seek ambitiously, with intent,
towards a goal with high value; ascend,
soar.

The Search for Life is Aspirational
It Draws us, and Impels us
Credit: Nick Siegler To Explore and Inspire
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Ingenuity on Mars
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Exploration: Inquiry

* Prioritization

* Problem Solving
« Decision Making
* Risk Mitigation

* Inclusive
* Transparent

Kepler Mission

Roman
Space
Telescope
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Inspiration
Exploring a Galaxy of Worlds while Inspiring Our Own
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WHERE YOUR SHADOW ALWAYS HAS COMPANY
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Exoplanet Travel
Bureau

e | Elye New JJork Cimes

PLaner Hop

A

53



“Exoplanet Earth” Edition

We Are a Leo Sun from Trappist-1

Pianer Hor

-
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Return to Our Solar System, to Planet Earth
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Pale Blue Dot
Image by Voyager 1 beyond Neptune




Earth and Moon
From Cassini Mission at Saturn

Credit: NASA/JPL-Caltech
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EXPLOREEARTH

YOUR HOME, OUR MISSION

NASA

Cred
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Thank you!

Jet Propulsion Laboratory
California Institute of Technology
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Tau Cetl
Likely Rocky Super-Earth Orbiting a Nearby Sun-like Star
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Our Place In the Universe

The ‘
Universe = S I
The Local ©" «
Su percluster - = - -
a0 / The :
- Local Group
! g The
‘ " :
Yo e " . h ’Q
Size: i : g -

93 billion light years

Size:
~110 millionlightyears

Size:

~10 million lightyears

Size:
~100 kilo light years

We are
here
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