‘Stop and Drop’ Hard Lander
Architectures for Europa Astrobiology
Investigations.
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Europa Astrobiology




Europa Astrobiology

Europa Europa Life
iscovered ice surface discovered!?




Clark et al. Europa Orbiter 2008 Studies
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Science Return as a function of instrumentation delivered to surface

(Life Detection)
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Science Return as a function of instrumentation delivered to surface
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Relevance to recommendations and science goals of
the NASA Decadal Survey™

Goal 2.1: Characterize the surface composition,
especially compounds of interest to prebiotic
chemistry.

Theme 2.1: What is the chemical composition of
the water-rich phase?




Relevance to recommendations and science goals of
the NASA Decadal Survey™

Goal 2.1: Characterize the surface composition,
especially compounds of interest to prebiotic

Critical advantages of in situ analysis

® Ground truth orbital measurements

® Enhanced concentration/Detection limits




® Performs science in orbit
or during descent to
mission termination
impact

Definitions

® Performs sub-surface ® Performs science during
science descent
® Impacts at high velocity, ® Impact with the surface is
penetrating the surface like a  designed to shoot ejecta up
bullet to be analyzed from orbit

Performs science on the surface

Very Hard Hard Soft

® Drops from as
high as 10 km

® Drops fromas @ Touches down
high as | km or with minimal
as low as 10m accelerations
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“Stop and Drop” Hard Lander

Transfer
burn from Transfer
circular Burn #1
orbit

Burn #2 De-orbit burn
to remove all
tangential
velocity







Burn Av’s and deorbit altitude

100 km circular orbit T ~— 100 km circular orbit —— 100 km circular orbit
~—— 200 km circular orbit e | 200 km circular orbit | = 200 km circular orbit

10 15 5 10 15 10 15

De-orbit altitude (km) De-orbit altitude (km) De-orbit altitude (km)

Burn | Burn 2 ‘Drop Point’



Burn Av’s and deorbit altitude

100 km circular orbit T ~— 100 km circular orbit —— 100 km circular orbit
~—— 200 km circular orbit e | 200 km circular orbit e —— 200 km circular orbit

10 15 5 10 15 10 15

De-orbit altitude (km) De-orbit altitude (km) De-orbit altitude (km)
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Impact Velocity & Drop Time
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Impact velocity (m/s)

5 10 15 5 10 15
De-orbit altitude (km) De-orbit altitude (km)

200 km orbit Av ~ 1510 km/s
|00 km orbit Av ~ 1465 km/s

100 kg probe: 35-55 kg propellant and Isp 200-360 s




Impact Velocity & Drop Time

Mars Deep Space 2
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Impact velocity (m/s)

Pathfinder/MER Rovers
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200 km orbit Av ~ 1510 km/s
|00 km orbit Av ~ 1465 km/s

100 kg probe: 35-55 kg propellant and Isp 200-360 s



Total Contact Time 200 km — 1.90 hrs
Descent Phase — 1.06 hrs
Surface Phase — 0.84 hrs
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Total Contact Time 100 km — 1.5 hrs
Descent Phase — 1.02 hrs
Surface Phase — 0.48 hrs

3 4

Time from Seperation (hrs)




10 Lander Orbiter 20 Ground —No Contact J

Total Contact Time 200 km — 1.90 hrs
Descent Phase — 1.06 hrs
Surface Phase — 0.84 hrs

Data return based on Huygen’s 8 kbs data rate:
® 200 km orbit: 30.5 Mbits decent, 24.2 Mbits from surface
® |00 km orbit: 29.4 Mbits decent, | 3.8 Mbits from surface
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Total Contact Time 100 km — 1.5 hrs
Descent Phase — 1.02 hrs
Surface Phase — 0.48 hrs
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Lander Lifetime
(Science, Radiation & Power Considerations)

~7 hours First phase: decent plus 3 orbits

First phase, plus 8.5 hour ‘dark’
~30 hours phase, then |3 hrs for next 6-7
orbits




Lessons learned from Viking Landers

|) If the payload permits, conduct experiments that
assume contrasting definitions for life.
2) Given limited payload, the biochemical definition
deserves priority.
Establishing the geological and chemical context of
the environment is critical.
Life-detection experiments should provide valuable

mformatlon regardless of the blology results PR ST TRIITR
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Chlorophyll-a mapping of Earth’s ocean

Jan 25,2001




Life Detection on Icy Worlds
Biosignatures vs. Abiotic Radiolytic Chemistry
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Amide |,x-helical, C=O/C-N: 1655 cm"!
H,0 + B. pumilis Amide |, B-helical, C=O/N-H: 1637 cm"'
post—irradiation Amide I, N-H/C-N: 1537 ¢cm"!
Tyrosine band: 1514 cm”!
Abiotic, NH3, C-C=0: 1669 cm"!
Abiotic, NH: 1592 cm"!
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Abiotic chemistry:

Radiolysis of
HQO - NH:3 - CaHs
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H,0 + B. pumilis Phosphodiesters (RNA, DNA, ATP):

pre—irradiation 1240 cm™', 1260 cm™', 1078 cm-
2500 2000 1500 1000

Wavenumber (cm")

Hand & Carlson, in prep
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H20 + B. pumilis
post-irradiation
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CHNOPS Region

Abiotic chemistry:
Radiolysis of

H.0 +NH_ +C H, | Nitrogen
/ Carbon-Carbon
Phosphorous
Sulfur
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CHNOPS Region

C-H Region
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Nitrogen
Carbon-Carbon

Phosphorous
Sulfur

...plus nitriles, S-H, and subtle amides
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Notional Payload Possibilities

Source or Mass
Instrument Heritage (kq)
GCMS TEAMX 2005

Mars
Camera Surveyor 0.35

lon Specific Wet
Chemistry Array TEAMX 2005 0.11

Sample Acquisition
System TEAMX 2005 4

NS




Notional Payload Possibilities

GCMS TEAMX 2005

Mars
Camera Surveyor 0.35

emp Sensor TEAMX 2005 0.8

lon Specific Wet
Chemistry Array TEAMX 2005 0.11

Sample Acquisition
System TEAMX 2005 4

NS




THIN-SHELL MODEL THICK-SHELL MODEL
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Bacterial abundance in
select terrestrial ecosystems

Abundance (cells ml!) References
Ocean, surface 5x10° - 5x10° 1, 2]
Ocean, deep basins | 10°-10* ]

Hydrothermal vents | 10°-10° (in suspension)

Hot Springs

107-10° [6

]
Sierra Snowpack 103-10*

1ce
(predicted)

Hand et al. 2009



Plumes above hydrothermal vents on Earth

Bacteria Methane TDMn
ATP (ng per I} (x10° cells per I} (nl per 1) (nmol per kg)
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MALDI (Matrix-Assisted Laser Desorption/lonization) analysis:

propene7maldi.txt

Propene

2\

Bacillus pumilis

Intensity

200

(iso)propyl propionate units -

0,
250

Mass (m/z)

(CsH1202)
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m

Bacillus pumilus spores: 20 keV electrons, 100K

120

Mass (m/z)
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Europa surface temperature: 70-130K







Geological criteria to guide

the search for biosignatures
Figueredo et al. (2003)

|) Evidence for high material mobility.
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