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Three Topics for Today

1. Europa: Understanding the Potential for Habitability
2. Europa Clipper Spacecraft

3. Europa Lander Possibilities



I« NSA « L




Europa’s youthful surface

* A world of rock, ice, and water
approximately the size of Earth’s
moon

* Very few impact craters suggest that
Europa has one of the youngest
surfaces in the solar system (~60
\YE)

» Suggests recent resurfacing
= likely an active world




Earth: Known life

Water World

—

All Earth’s
water

Mars: Past
conditions
for life

2x Earth’s
water

\

Europa: Present
conditions
for life?
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Global tectonic activity

 Surface is criss-crossed by bands
and ridges in all orientations, and
at all scales

 Driven by tidal squeezing causes
cracking on the surface

« May have plate tectonics system
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Extensive cryovolcanism

Evidence of solid-state and liquid water
volcanism

Chaotic terrain consists of plates, matrix

Energy from tidal squeezing likely causes
convection and melting in the ice




Possible plumes of water

* Recent Hubble observations of
hydrogen and oxygen ions
concentrated at high southern
latitude

* Interpreted as plumes of water
vapor ~200 km high

Enceladus




Surface chemistry of salts and acid

e Surface is bombarded by R
charged particles from Jupiter’s g K
magnetosphere " '

e |nteraction of these particles
with the surface leads to
intriguing chemistry




Magnetometer + gravity data indicate a ~100 km thick subsurface liquid water
ocean at Europa

Thickness of the overlying ice shell is the subject of debate
— estimates range from a few km to ~30 km




Europa: Ingredients for Life?

« Water

 More than 2x all of Earth’s oceans

« Essential elements
* From formation and impacts

« Chemical energy
« Potentially from above and below

e Stability

« Variable, but “simmering” for 4 By

Relatively Smooth
Undersurface

Salty Ocean
~100 km?

A Europa mission would verify
key habitability hypotheses




NASA-Selected
Europa Clipper Instruments
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radiation environment
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Clipper Mission Concept

Utilize multiple satellite gravity
assists to enable “global-
regional coverage” of
Europa while in orbit
around Jupiter

Current mission design
consists of 45 low-
altitude flybys of Europa
in prime mission from
Jupiter orbit over 3.5 yr

Minimizes time in high-
radiation environment

Simple repetitive operations
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Clipper Notional Mission Timeline

17F12v2 Mission Phase Overview
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Clipper Mission Operation

Jupiter
Orbit
VGA EGA-3
(3-Dec-2023) (18-Oct-2026)
EGA-2

(18-Oct-2024)

Launch
(18-Jun-2022) EGA-1
301 (17-Jun-2023)

(26-Nov-2029)
DSM
(23-Oct-2025)

Encounter Period 10-14 Days
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Clipper Hardware Development & Testing

3 Meter
Diameter
High Gain
Antenna
Prototype

Cold Engine Test



Clipper Hardware Development

Full Size Solar
Array Panel
Demonstrator
(2.2m x 4.1m)
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Europa Lander Mission Concept

Key Parameters for Science:

« Lander would be launched as a separate mission than Clipper, enabling
Improved recon and data return.

« Battery powered mission: 20+ day surface lifetime.
« Spacecraft provides 42.5 kg allocation for science payload (with reserves).

 Baseline science includes:
« Analyses of 5 samples,

« Samples acquired from 10 cm depth or deeper (beneath radiation processed
regolith) and from 5 different regions within the lander workspace,

« Each sample must have a minimum volume of 7 _cubic centimeters.
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Lander Science Definition Team Recommendations

A connected set of goals and objectives addressed with a focused model payload

GC-MS
Microscope

Raman
spectrometer

Context
cameras

®)
Raman > Raman
spectrometer ) spectrometer
. C .
Microscope Microscope
GC-MS GC-MS
Context Context
cameras cameras
Geophone Geophone
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24 hour period
>10 hours
continuous
coverage per
orbit

POSS| b I e ’ _ Cruise/Jovian Tour
~"e  Earth gravity assist Oct

Lander T o

* Jupiter orbit insertion Deorbit, Decent, Landing

M ISSION . SCtI,ZOZ? di * Guided deorbit burn
T arliest landing on e Sky Crane landing system
Concept

Europa: April 2031 - 100m accuracy
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Jupiter "'
Orbit

Earth

ot Surface Mission
3 e 20+ day surface mission
* * 5Samples
Eari\“sféi‘“‘y Launch * Relay communications
(Ocr2020) (ovibec-202 through Carrier spacecraft
Launch or Clipper (backup)
e SLSBlock 1b * 3-4 Gbit data return
«  Nov/Dec 2024 * 45 kWh battery
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Prototype
“cricket”
lander
concept
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