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@/ Europa: Key to Ocean World Habitability

 Aworld of rock, ice, and water the
size of Earth’s moon

* One of the youngest surfaces in
the solar system

* Plentiful cryovolcanism

» Possible geysers and plumes

« Earth-like global tectonic activity
» Widespread surface disruption
» Surface chemistry of salts and acid

* Subsurface ocean: Possibly our
Solar System'’s best chance for
extant life beyond Earth




@ Exploring Europa’s Habitability: Ingredients for Life

Water:

* Probable saltwater ocean, implied by surface geology and magnetic field
* Possible lakes within the ice shell, produced by local melting l ] / l

radiation-prod

Chemistry: 0>, H202, CH;0
» Ocean in direct contact with mantle rock, promoting chemical leaching =
- Dark red surface materials contain salts, probably from the ocean &"elsf,',?éelce __._,{?M
Five ﬁ'
Enel’gy: Soft Convectinglce & & = % ;;ats:(l;:ﬁ
. . . . ~ ? -~
- Chemical energy might sustain life AL
 Surface irradiation creates oxidants Relatively Smooth s
onvection
- Mantle rock-water reactions could create reductants (hydrothermal or Undeisiie
serpentinization) S
L ~100 km?
ACthlty: Hydrothermal
- Geological activity “stirs the pot” g

* Activity could be cyclical, as tied to lo X

~

— - hydrothermally: produced reductants
A Europa Mission should be capable of studying Europa as a “HS, Hy, CHy, Fe T

complex interrelated system to test key habitability hypotheses Rocky Mantle Magmatismz ~ Temp ~ 1300°C




@ Europa Mission Science Goal & Objectives

* Mission Goal: Explore Europa to investigate its habitability

« Objectives:

— lce Shell & Ocean: Characterize the ice shell and any
subsurface water, including their heterogeneity, ocean
properties, and the nature of surface-ice-ocean exchange

— Composition: Understand the habitability of Europa's
ocean through composition and chemistry

— Geology: Understand the formation of surface
features, including sites of recent or current activity,
and characterize high science interest localities’

*Science Definition Team’s “Reconnaissance” goal is now folded into the Geology objective.
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@ Timeline of Europa Mission Science Definition

» Europa Orbiter Science Definition Team (1999)

«

* A Science Strategy for the Exploration of Europa, | S altistmegy
COMPLEX, National Research Council (1999) I e N

*  NASA Campaign Science Working Group on
Prebiotic Chemistry in the Solar System (1999)

* New Frontiers in Solar System Exploration, Decadal Survey, (2003)

» Jupiter Icy Moons Orbiter (JIMO) Science Definition Team (2004) J

+ Scientific Goals and Pathways for Exploration
of the Outer Solar System, OPAG (2006) :

* NASA Solar System Exploration Roadmap (2006) —__ s "

» Europa Explorer (EE) Report (2007)

» Jupiter Europa Orbiter Mission Final Report (2008) — g
* Europa Study Report (2012)

The Europa science objectives have a
long history of evolution and refinement

8/X/16
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Outer Planets Flagship Competition
2007 - 2008

* NASA pitted 4 Science Definition Teams and associated engineers in open
competition to consider options for a future outer planet satellite Flagship mission

Jupiter System Observer
Mission Study:
FINAL REPORT

Task Order #NMO7 10851

J
Sl Sl ENCELADUS
* Pro: Advanced mission concept options for exploring ocean world targets
« Con: Created animosity among science community members, persisting for years

1/10/17
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January 2008




@ Timeline of Europa Mission Concepts

« Europa Orbiter (2001)

Planetary Decadal Survey | (2003)

 Jupiter Icy Moons Orbiter — JIMO (2004)
« Europa Explorer (2007 — 2008)

 Jupiter Europa Orbiter — JEO, of the
Europa Jupiter System Mission — EJSM (2010)
Planetary Decadal Survey Il (2011)
« Europa Multiple-Flyby Mission
— “Europa Clipper” (2015+)

1/10/17



2011 Planetary Decadal Recommendation:
The Need For A Descope

« The CATE estimate for the cost of JEO is $4.7
billion. This is too large a fraction of the planetary:

Fly JEO only if changes to both the mission and,

the NASA planetary budget make it affordahle’

without eliminating other recommended ssions:
This will require a reduction in the mission’s scope
and cost

JEO will require a new start that increases the
overall budget of NASA’s Planetary Science
Division

immediately begin an effort to find major cost reductions in JEO, with the goal
of minimizing the necessary planetary science budget increase.

JEO science would be enhanced by conducting the mission jointly with ESA’s
proposed Ganymede Orbiter mission.
NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADFMIFS




Response to the 2011 Planetary Decadal Survey:
Reduced-Scope Europa Mission Options

* Proposed 2020 Jupiter Europa Orbiter (JEO) mission was deemed extremely high
science value, but unaffordable by the NRC Decadal Survey, which requested a
descoped option

 NASA directed a 1 year study to develop mission options that retain high science
value at significantly reduced cost «

* Innovative design options for mission and spacecraft resulted in 3 mission options

Reduced-Scope Europa Multiple-Flyby Europa Lander
Europa Orbiter (“Europa Clipper”)

8/7/12



@ Evolution of Europa Multiple-Flyby Mission Concept

Initial Multiple-Flyby “Clipper” concept (May 2012)

— Model Payload: Ice-Penetrating Radar, IR Spectrometer, Topo Imager, Mass Spectrometer

Enhanced Clipper concept (Dec. 2012)

— NASA requested to add “ocean” science and reconnaissance:
Magnetometer, Langmuir Probe, Recon Camera, Thermal Imager

Europa Multiple-Flyby Mission Concept Review (Sept. 2014)

— Revised to a solar mission, with short cruise on SLS

Europa Multiple-Flyby Mission KDP-A (June 2015)
— NASA selected high-quality instruments, with addition of Dust\Detector and UV Spectrograph

e

— Current Europa Multiple-
Initial Europa Multiple-Flyby Concept Flyby Mission Concept

8/X/16



NASA-SeIeCted Radiation Science
Europa Investigations cacintion eorronn Sl
(May 2015)

MASPEX
Mass Spectrometer SUDA
sniffing atmospheric Dust Analyzer ICEMAG
composition surface & plume Magnetometer PIMS
composition sensing ocean Faraday Cups

Europa-UVS properties plasma environment

UV Spectrograph T -4"“ -——
surface &

e plume/atmosphere EIS . e
R o composition B Narrow-Angle Camera +

Wide-Angle Camera '5‘;.' - E-THEMIS 3 7 MISE qu.. i
mapping alien landscape Thermal Imager o IR Spectrometer — -

e —— > = fingerprints

in 3D & color £ searching for hot spots . surface chemical = > f’*-_._;___
S S A -
— - _ £ saﬂ"_, :

REASON
Ice-Penetrating Radar
plumbing the ice shell

Gravity Science
Working Group
confirming an ocean

Remote Sensing In Situ




Europa Mission Concept

» - Ensure capability for collecting synergistic data from all instruments (hadirspointed,
ram-pointed, and commonly.gravity science) simultaneously and during each flyoy

— Maximizes science retusa by fac@i_tgti_n_ﬁg_in-depth multi-instrument interpretations
— Minimizes data- gqllé@ime in (NG
~ = Enables simplé, repeats

tion-environment

-

Pre-decisional, for information and discussion purposes only.




]

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

» Current mission design consists of ~42 low-altitude flybys

8/X/:

of Europa from Juplter orblt over ~3 Syr

90N

30S

60S

30N | iy

gos L Pt e v WEREIN G : e T e i e (e
360w 330W 300W 270W 240W 210W lBOW 150w 120W Jow 60W 30W 0
0 30E 60E 90E 120E 150E 180E 210E 240E 270E 300E 330E 360E
ALTITUDE: we== 400-1000 km == 100-400 km 50-100 km mem 25-50 km

“Global-Regional” Surface Coverage

Tholan Web



e

Simple and Repeatable Operations

 Intensive science data taking
around closest approach (C/A)

» Remainder of orbit is
predominantly calibration
and data playback

* Flyby strategy limits time
in high-radiation
environment near

Jupiter

8/X/16
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Legend
@ -OT™M
IC|] - Calibration

. - MASPEX
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Europa Mission Science Objectives (1/3):
Ice Shell & Ocean

» Ice Shell & Ocean Objective:

Characterize the ice shell and any subsurface water, including their heterogeneity, ocean
properties, and the nature of surface-ice-ocean exchange

» Ice Shell & Ocean Investigations:

— Characterize the distribution of any shallow subsurface water and the structure of the icy shell
EIS, REASON

— Determine ocean salinity and thickness
ICEMAG, MISE, PIMS, SUDA

— Constrain the regional and global
thickness, heat-flow, and dynamics
of the ice shell
E-THEMIS, EIS, Gravity, ICEMAG, PIMS, REASON

— Investigate processes governing
material exchange among the ocean,

ice shell, surface, and atmosphere
EIS, ICEMAG, MASPEX, MISE, REASON, SUDA




Europa Mission Science Objectives (2/3):
Composition

« Composition Objective:
Understand the habitability of Europa's ocean through composition and chemistry

« Composition Investigations:

— Characterize the composition and chemistry of endogenic materials on the surface and in

the atmosphere, including potential plumes
EIS, Europa-UVS, ICEMAG, MASPEX, MISE, PIMS, REASON, SUDA

— Determine the role of the radiation
and plasma environment in creating
and processing the atmosphere
and surface materials
EIS, Europa-UVS, MASPEX, MISE,
PIMS, Radiation, REASON, SUDA

— Characterize the chemical and
compositional pathways in the ocean
EIS, ICEMAG, MASPEX, MISE, SUDA




@

Europa Mission Science Objectives (3/3):
Geology

Geology Objective:
Understand the formation of surface features, including sites of recent or current
activity, and characterize high science interest localities

Geology Investigations:

— Determine sites of most recent geological activity, including potential plumes and
characterize localities of high science interest and , : -
potential future landing sites
E-THEMIS, EIS, Europa-UVS, MASPEX, MISE,
PIMS, Radiation, REASON, SUDA

— Determine the formation and three-
dimensional characteristics of magmatic,
tectonic, and impact landforms
EIS, REASON

— Investigate processes of erosion
and deposition and their effects on
the physical properties of the surface
E-THEMIS, EIS, Europa-UVS, PIMS, Radiation, REASON, SUDA




Science Synergy & Redundancy

Primary instrument
(achieves requirement)

z z o | © 2 |. Q % |+ &
Baseline Threshold 8 3 8 E % ; a E §-§ § E E » £ E‘
Level-1 Level-1 SE|IS5| 2| 2 | E|E|EB|E|E| 2| £ |z2
g | 2 | = O = = | C=
= Subsurface struct. | Subsurface struct.
§ (>50 landforms) (=15 landforms)
& |ocean salniy | Confirm ocean
- (£50%) thick vs. thin shell
Global comp. Global comp.
E (=>70% coverage) (>40% coverage)
'é Landform comp. |Landform comp.
& [ =50, <300 m) (=15, <25 km)
S | Gas, dust, and Gas or dust
plasma comp. composition
Global imaging Global imaging
(>80% coverage) |(=30% coverage)
E High-res (£25m) | High-res (<50m)
S [landforms (>50) landforms (>15)
© Local surface [None]
(~1m, >40 sites)
=y .
= | Characterize Search for current
E current activity activity

Supportive dependency

— Baseline\i
(required support for Primary) Threshold

Supportive independent
(enhances the science)

Independent instrument

. . * In combination achieves science
(can achieve requirement)
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@Europa Is Gaining Foothold in Popular Culture

DURS EXCEPT
" ®EUROPA
ATTEMPT NO
LANDING THERE

Riddick director David Twohy journeys to a Jovian
moon for next proj

¥l SpaceX's Mars Spaceshlp Could Explm Solar
gef System, Elon Musk Says ———
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@ Personal Observations and Conclusions

* When the science goal is high priority and the target difficult to
explore, strategic missions should be capable and well-instrumented

* |t was valuable for the Decadal Survey and NASA to push on the
Europa study team to find a descoped mission option that lowered
cost and maximized science per dollar

« Pitting the science community in a strategic mission open
competition was not worth the damage it caused to the community

« It was scientifically valuable for NASA to augment the Europa
mission to find the “sweet spot” in cost and capability

* In studying a complex interrelated system, synergies and
complementarity among instruments is key to maximizing science,
such as through co-publications among science team members

» Large strategic missions provide vital support of a cross-section of
the science community, notably young researchers
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