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OCEAN WORLD STATUS

TERRESTRIAL PLANET

Our home planet, Earth, is the only body
known to have life. Called the "ocean planet,"
'Earth's surface-land-to-water ratio is

29% land to 71% water.











































Composition of Europa’ s non-ice

|
Carlson et al. 2010

<> Leading candidates are hydrated sulfates
<> Sulfuric acid hydrate almost surely present, Mg-sulfate hydrate?

<~ Na, K seen in sputtered atmosphere









Is Europa geologically active?

<> Average surface age from impact crater density 65 + 25 Ma

<> Thera Macula has been proposed as presently active (Schmidt et al., 2011)






highest resolution Europa
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jovian tides on Europa




ENERGY: RADIOGENIC & TIDAL
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distance = 500 pc
panels 3000 AU across
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D’ Angelo et al. (2003) Astrophys. J. 599, 548-576.







Numerical Models

Tanagawa et al. 2014

Ayliffe & Bate 2009



RECENT CARCONACEOUS METEORITE FALLS:
CANDIDATE PRIMITIVE EUROPA ROCK




Initial Europa “Rock” Composition

Tagish Lake chondrite fall,
Jan 2000

Sutter’s Mill chondrite fall, Apr 2Qg 2









Eric Hand (2007)
St. Louis Post-Dispatch




On to Enceladus







Enceladus
from Voyager 2




Enceladus
500 km
1.6 g/cm3







Cassini










Cassini CIRS
















2009 Nov2101:4144 UTC
Enceladus / Saturn Il “Real time

Distance: 13,343 km

Radius: 256 .60 km

Apparent diameter. 2" 09' 44 0"
Phase angle: 144 6*

Baghdad Damascus

Alexandria

Sync Orbit Enceladus
FOV:26' 155" (70.24x)






















There must be, or have been, water-rock interaction




EUROPA PLUME?




Porco et al. 2014




Howett et al. 2011







Enceladus Gravity and Topography Model (McKinnon 2014)

A global ocean....now confirmed by libration measurements (Thomas et al. 2015)






Europa “Clipper”

Mantra: Explore Europa & Assess its Habitability




NASA-Selected
Europa Instruments

Pre-Decisional — For Planning and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government spo
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Proposed Flight System Configuration

Solar Arr

03/30/20 1 6 re-De: and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government sponsorship ackno



Payload Accommodation

03/30/2016

Pre-Decisional — For Planning and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government sponsorship acknowledged.
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Current Jupiter Delivery Strategy

Baseline Backup
Launch Vehicle: SLS Block-1 Launch Vehicle: Atlas V 551 or Delta IV Heavy
Transfer: Earth-Jupiter Direct Transfer: EVEEGA
Time-of-flight: 2.5-2.7 yrs. Time-of-flight: 7.4 yrs.

: f

JOI
(5-Mar-2025)

VGA EGA-3
(26-Nov-2023) (22-Oct-2026)
% — EGA-=2
SLS (21-Oct-2024)
2022 Direct
(2.72 years) T . T\ .y
Launch (15-Jan-2030) (17_51;?;51‘2127)”“”'2023’
(6-Jun-2022) ¥
Jupiter
Jupiter Orbit
Orbit
Mass Margin Mass Margin .
Atlas V 551 Delta IV Heavy
35% - 2022 Launch 29% 2022 Launch 65%
33% - 2023 Launch 30% 2023 Launch 66%

** IF fully utilize L.V. capability
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03/30/2016 Pre-Decisional — For Planning and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government sponsorship acknowledged.



03/30/2016

Lander Concept

Pre-Decisional — For Planning and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government sponsorship acknowledged.
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Concept Highlights

« Spacecraft physically decoupled from Clipper

« Enter Jovian system and ‘park’ in a radiation
safe orbit awaiting reconnaissance from Clipper
to decide where to target landing

« Spacecraft components:

— Carrier/Orbit Stage

* Delivers system to Jovian system and eventually targets
lander stack (everything bellow)

* Provides relay capability (Clipper can be backup) to earth

— De-orbit Module
* Decelerates lander to capture a Europa descent trajectory

— Descent Module

» Slows down lander, terminal descent to Europa
— Lander

» Sciencel!!l

03/30/2016 67
re-

Pre-Decisional — For Planning and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government sponsorship acknowledged.



Top-Level Mission Event Sequence

03/30/2016

Pre-Decisional — For Planning and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government sponsorship acknowledged.
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Carrier / Orbit Stage Concept

03/30/2016

Lander Stack

Pre-Decisional — For Planning and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government sponsorship acknowledged.
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Lander Full System Concept

Descent
Stage

Lander

De-orbit
Stage

Lander Stack Lander Stack
at Integration Exploded View

03/30/2016 Pre-Decisional — For Planning and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government sponsorship acknowledged. 70



Lander Descent and Surface Concepts

'—\‘—. — —

2 — “Sky Crane”
1 - Descent Configuration Configuration

3 - Landed Deployed

03/30/2016 Pre-Decisional — For Planning and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government sponsorship acknowledged.
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Model Payload (Total Mass: 25 kg)

« Centerpiece Instruments
for Astrobiology

GCMS: VCAM GC + lon Trap
MS, 8.3 kg CBE

Raman: SHERLOC 5.4 kg CBE

* Auxiliary Instruments

Context LanderCams (x2),
0.5 kg each CBE

Microscopic SampleCam,
0.5 kg CBE

« Baseline Instrument (not

included in Threshold)
— 3-axis Geophone, 0.8 kg

03/30/2016

Pre-Decisional — For Planning and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government sponsorship acknowledged.
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Lander Surface Concept

Gimbaled HGA

Vault

Discarded
Bridle Release

Battery Panels

- Pan Cam

1 GCMS

4 Microscope

Raman

Sampling

System

03/30/2016

Pre-Decisional — For Planning and Discussion Purposes Only. Copyright 2016 California Institute of Technology. Government sponsorship acknowledged.
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Want to Know More?

« 2012 Science Definition Team consensus
on key questions best answered by a
lander:

Pappalardo et al. 2013
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NASA Ocean Worlds Program




Backup
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Conductive, steady-state
(NH3/H,0)initic) = 0.05

!

Pluto
R=1195 km

Hussmann et al. 2006

McKinnon & Barr
DPS 2006





