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Europa Juplter Science Mission (EJSM)

* NASA and ESA: Shared mission leaders

|+ Independently launched and operated or
— NASA-led Jupiter Europa Orbiter (JEO)
— ESA-led Jupiter Ganymede Orbiter (JGO)

« Complementary science and payloads

— JEO concentrates on
Europa and lo

— JGO concentrates on
Ganymede and Callisto

‘|- Synergistic overlap
- |= 11-12 instruments each

|* Science goals:
— lcy world habitability

— Jupiter system processes
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Space Administration

Ames Research Center
Moffett Field. California 94035-1000

October 9, 2008
Regents' Professor Ron Greeley
Co-Chair Europa-Jupiter System Mission Study
School of Earth and Space Exploration
Arizona State University
Box 871404
Tempe, AZ 85287-1404

Dear Ron:

On May 17, 2007, I sent the following e-mail message to you, Karla Clark, Bob
Pappalardo, and Mitch Sogin:

In a Dec. 12, 2001 letter to Dr. Michael Belton (Chair of the NRC Steering

Committee developing the decadal strategy for Solar System Exploration), the
v L B R, NG SRR AL T R (SRR e, - . WP, A7 PRI Y N30 R SR .

mission category. The envisioned orbiter featured a payvload capable of
confirming the presence of a subsurface ocean, characterizing the subsurface,
and obtaining remote sensing observations pertinent to Europa's surface
composition, geological history, and biological potential.

-
The current concept for the Europa Explorer mission, as presented on May 8,
2007 to the NAI Executive Council by Mitch Sogin for the mission Science
Definition Team, appears to meet these measurement objectives.

The NAI Executive Council reaffirms that such a mission is in its highest priority
mission category for advancing the astrobiological goals of Solar system
exploration.

Sincerely,

Carl Pilcher, Director of the NAI

for the NAI Executive Council

I can confirm that this continues to be the position of the NAI Executive Council.

With best wishes,

ﬂﬂ',{() for/;ﬂy’/ o




Nominal EJSM Timeline
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EJSM Theme:
mergence of Habitable Worlds Around Gas C
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JEO Goal:
olore Europa to Investigate Its Habitabil

* Objectives (prioritized):

Habitability

Ocean and Interior

lce Shell

Chemistry and Compositio
Geology and Landing Sites
Jupiter System

— Satellite surfaces and interior
— Satellite atmospheres

— Plasma and magnetospheres
— Jupiter atmosphere

— Rings




“Investigate its habitability” recognizes the
ignificance of Europa’s astrobiological potential
abitability” includes confirming the existence a
determining the characteristics of water below
Furopa’s icy surface, understanding the possible
urces and cycling of chemical and thermal ener
estigating the evolution and chemical composit

of the surface and ocean, and evaluating the
ocesses that have affected Europa through tim

- EJSM Public Repor
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Old Goldilocks




New Goldilocks



Explore Europa to investigate its habitabili
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o A3. Characterize surface motion over the idal cycle.
< A4. Determine the satellite's dynamical rotation state.
A5. Investigate the core, rocky mantle, and rock-ocean interface.
Characterize the ice shell B1. Characterize the distribution of any shallow subsurface water.
and any subsurface water, including B2. Search for an ice-ocean interface
& | their heterogeneity, and the nature of - : -
- | surface-ice-ocean exchange. B3. Correlate surface features and subsurface structure to investigate processes governing matenial
- exchange among the surface, ice shell, and ocean.
B4. Characterize regicnal and global heat flow variations.
Determine global surface C1. Characterize surface organic and inorganic chemistry, including abundances and distributions of
;‘ compositions and chemistry, materials, with emphasis on indicators of habitability and potential biosignatures.
E especially as related to habitability. |c7  Reiate compositions to geclogical processes, especially material exchange with the interior.
2 C3. Characterize the global radiation environment and the effects of radiation on surface
g compeosition, atmospheric composition, albedo, sputiering, sublimation, and redox chemistry.
C4. Characterize the nature of exogenic materials.
> | Understand the formation of surface |D1. Determine the formation history and three-dimensional characteristics of magmatic, tectonic, and
2 | features, including sites of recent or impact landforms.
g ctl:" "Tt:‘?t“'ty- :"g 'td""_tt'fy :“d D2. Determine sites of most recent geological activity, and evaluate future landing sites.
characterize candidate sites for
a | future in situ exploration. D3. Investigate processes of erosion and depasition and their effects on the physical properties of
the surface debris.
Understand Europa E1. Investigate the nature and magnitude of tidal dissipation and heat loss on the Galilean satellites,
in the context of particularly lo
the Jupiter system. E2. Investigate lo's active volcanism for insight info its geological history and evolution (particularly of
g @ its silicate crust)
s -g E3. Investigate the presence and location of water within Ganymede and Callisto.
; E |E4. Determine the composition, physical characteristics, distribuion and evolution of surface
= materials on Ganymede.
<
.";'; ES. Determine the composition, physical characteristics, distribution and evolution of surface
materials on Callisto.
E6. Identify the dynamical processes that cause internal evolufion and near-surface tectonics of
§ Ganymede and Callisto.
-§ - E7. Characterize the composition, variability and dynamics of Europa's atmosphere and ionosphere
=6
E = 5 EB. Understand the sources and sinks of 10's crustal volatiles and atmosphere.
g E E9. Determine the sources and sinks of the Ganymede and Callisto atmospheres.
; E10. Determine how plasma and magnetic flux are transported in Jupiter's magnetosphere.
'§. @ | E11. Characterize the composition of and fransport in lo's plasma torus.
; E E E12. Study the pickup and charge exchange processes in the Jupiter system plasma and neutral tori.
£ g E13. Study the interaclions between Jupiter's magnetosphere and lo, Ganymede and Callisto (incl.
g c characterize Ganymede's magnetic field)
§ E14. Understand the structure, compesition and siress balance of Jupiter's magnetosphere.
E15. Determine how plasma and magnetic flux are transported in Jupiter's magnetosphere.
+ . |E16. Characterize the abundance of minor species (especially water and ammonia) in Jupiter's
%_ ‘E atmosphere fo understand the evolution of the Jovian system, including Europa.
J g \. E17 Charardareoa lvnan atrmeenbaris dunamine and cftr vk v
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Model Payload

Team Investigations/Instruments

Ocean Team
Laser Altimeter (LA)
Radio Science (RS)

Ice Team
Ice Penetrating Radar (IPR)

Chemistry Team
VIS-IR Imaging Spectrometer (VIRIS)

UV Spectrometer (UVS)

lon and Neutral Mass Spectrometer (INMS)

Geology Team
Themal Instrument (Tl)

Narrow Angle Camera (NAC)

Wide Angle Camera and Medium
Angle Camera (WAC+MAC)

Fields and Particles Team
Magnetometer (MAG)
Particle and Plasma Instrument (PPI)

Characteristics (from 100 km altitude)

Single-beam, 50 m spot; 1.064 um
2-way Doppler with Ka translator; USO;
X- & Ka-band via telecom subsystem

Shallow-mode 5 MHz & deep-mode 50 MHz with 1 and
10 MHz bandwidths, vertical depths of 3 and 30 km

0.4 to >5.2 ym, 5 nm spectral resolution below 2.6 um,
and 10 nm above 2.5 um; pushbroom with along-track
scan mirror; 25 m resolution

70 — 200 microns; IFOV | mrad; scan system for stellar
occultations; 100 m resolution

1 - 300 daltons; FOV 10° x 40°

8 -20 ym and 20 - 100 um, 5 pixels cross-track, 250 m
resolution

Panchromatic pushbroom plus nine color framing mode
for OpNav; IFOV 0.01 mrad; 1 m resolution

Wide-Angle: 3-color+panchromatic; IFOV of 1 mrad,
pushbroom; Medium-Angle: panchromatic and
0.1 mrad, pushbroom modes

Dual sensors; 10 m boom; 0 — 3000 nT
10 eV to 30 keV electrons and ions



(From
Traceability
Matrix, FO-1)

. Relz;tionshipof surface
materials to geologic
processes (B3c; C2a, C3c)

o Effects of radiation
environment (C3a)

» Nature of exogenic
materials (C4c)

o Exposure age (D1f)

* Recent activity (D2e)

vents (C1c)

« Current activity through
spatial and temporal
variability of venting (D2b)

o Effects of radiation,
sputtering (C3b, C3e)

o Relationship of surface
materials to geologic
processes (Imager; B3g,
C2c; C3c, D2e)

» Exposure age (Imager; D1f)

» Nature of exogenic
materials (Imager; C4d)

materials (C1b)

Effects of radiation,
sputtering (C3d)

» Nature of exogenic
materials (C4b)

materials (C1b)

» Effects of radiation,
sputtering (C3d)

» Nature of exogenic
materials (C4b)

* Recent activity (D2e)

Species of interest
Identified H20; COz, SOz, H02, sulfate | e H, O (gas emission) e Oz(~105cm3); Hzx Na (e HO
hydrates, CH compounds, CN | & H,0,, SO; (solids) (~300 cm=); K; Cl+
compounds, Oz (Atmosphere)
e S0z (~1600 cm3); CO2
(~700 cm$); Hz0 (~108
cm=) (Surface)
Expected HC, SH, SO, Fe?", S5, HCHO, |e OH, C, CO (gas emission) » OH, C, CO (atmosphere)
HzS, MgSO:, H2S04, HsO*, | e H;0 (gas absorption) e HO (atmosphere)
NaSO:, Na:MgSOs, CH:0H,
CHsCOOH
Possible NaHCO, NaCOs, H2COs, e S, Cl, N (gas emission) e H202 (~200 cm); o COz S0z, SO, O3,
MgCOs, MgClz, NaCl, OCS, |« C0,, SO;, SO, 0, sulfur, sulfate, carbon, hydrocarbons salts,
HCN, OCN-, KOH, K:z0, SO, hydrocarbons (gas carbonate, CN, sulfates, acids, tholins
CH:CO agsorption) organics, minerals » Sputtered species: e.g.,
o Water ice, salfs, sulfates, Mg-sulfate — MgSOs,
acids, Tholins (solids) MgOz, MgS, MgO, Mg
Detection Limits | Surface: 0.1 to 10% Atmosphere: 1x10'* cm2H0 |~ 200 cm3 Atmosphere: Column
abundance, varying with column abundance 10~ to 30%
species and environmental relative to Hz0 vapor for
conditions many possible species
Measurement requirements
Spectral/mass | 0.4 - >5 ym (desired) EUV (60-110 nm); FUV (110- | 1 to 2300 amu IR: 5-50 um

range

~1.2-4.8 um (floor)

200 nm); NUV (200-350 nm)
desired); FUV (110-200)
floor)

mm: 110 +20 GHz; 560 +30
GHz,

Spectral/mass
resolution

gGrating) 0.4-2.5 pm: 5 nm;
5-25 ym: 10 nm (desired)

1.2-4.8 um: 10 nm (floor)

0.5 nm EUV, FUV; 3 nm NUV

o Mass resolution: Dm/m
2500

 Pressure range: 10°%-
10-7 mbar

 Sensitivity: 10° A/mbar

IR: 1-5cm”
mm: 100-250 kHz

Spatial 25 m/pixel from 100 km (0.25 | 1 mrad/pixel (imager) 100-200 km (comparable | 100-500 m
resolution mrad) (desired) to orbital altitude)
100 m/pixel {1 mrad) (floor)
SNR 2128 (0.4-2.6 microns), 232 | >5 N/A >50
(2.6-5 microns)
Coverage Global Occultation profiles at <25 km | Regional Regional




.4-10. Hypothesis Tests to Address Selected Key Questions Regarding

and Composition

Example Hypothesis Questions Example Hypothesis Tests
-

here endogenic organic materials on Examine surface and sputtered materials for absorptions and masses cc
pa's surface? with organic materials, especially in regions most protected from radiatic
correlate distributions to likely endogenic materials.

emical material from depth carried to the Determine whether hydrates and other minerals that may be indicative o
ce? subsurface ocean are concentrated in specific geologic features, and co
evidence for subsurface liquid water at these locations.

adiation the principal cause of alteration of | Determine the suite of compounds observable on Europa's surface, co
pa's surface materials through time? the local radiation environment and to the relative age of associated surf
features.

aterials formed from ion implantation play a | Determine the distribution of sulfur-rich and other compounds and correl
r role in Europa’s surface chemistry? inferred implantation rates and the chemistry of material escaping from |




‘uropa at 6 m/pixel horizontal
1e lineae in the central portion of
ve central troughs with deposits
ial ~100 m wide, but with bright,
icy ridges and walls close by.
ervations with at least 100 m
would be needed
) measure the bright and dark
ch measurements would address
questions regarding the compo-
gins of the dark material.
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Figure 2.3-5. Reflectance spectra of hydrated
materials on Europa. Candidate materials for
Europa’s non-ice component include sulfuric
acid hydrate (H;SOgp#nH;0) and various
hydrated sulfate and carbonate salts [McCord
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Figure 2.4-7. Notional reflectanc
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Europa (based on observations o
observed on other Jovian an
satellites) at 6 nm spectral resolui
5 um spectral range. A variety
and molecules have been identifie
from the Galileo results. The st
here are composites to illustrate |
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detailed spectral structure
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4-8. Water Vapor Components,

Isotopes, in Europa’s Atmosphere W Table 2.4-9. Calculated Densities of S,

['o Be Measurable by INMS Europa Surface Materials at 100
Expected partial pressure (mbar)

at 200 km Species Predicted Densities @ 1

290-1800 cm=

| 3 x 106F cm-3
L-Leucine (Mass 131) | \hore F is number fraction ¢
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Figure 2.4-11. Simulated mass spectrum of the anticipated Europa lon Neutral Mass
Spectrometer (INMS) results for neutral species at an orbit altitude of 100 km. The simulation is
based on a surface composition given by 60% sulfuric acid hydrate: H>SO; » 8H>0, 20%
mirabilite: NaSO4 » 10H>0, 10% hexahydrite: MgSOy » 6H,0, 5% epsomite: MgSQO; » 7H,0,
and 4% CO; combined with the modeled atmospheric composition and 1% heavy organic
represented in this case by benzene (but similar for any heavy organic that may be present). This
surface composition has been used as an input into a Monte Carlo ion sputtering/thermal
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Key WVebsites:

® Outer Planets Flagship Mission

® opfm.jpl.nasa.gov

® Outer Planets Assesment Group
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