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Atlas V 551 Launch Capability
Launch Mass margin (kg)

Oct. 2018 130
June 2019 241
Dec. 2019 -116

March 2020 262
March 2020 327
May 2021 73
Nov. 2021 165

March 2023 -40

Clark et al. Europa Orbiter 2008 Studies

Mass available after adding ‘sweet spot’ instruments. Does not 
account for accommodation, margin, shielding, or power needs.
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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?

Theme 2.4: Can and does life exist in the 
internal ocean of an icy satellite?

Theme 4.2.1: Is there extant life in the outer 
solar system?

*Goals overlap significantly with the NASA Astrobiology Roadmap (2008).

Relevance to recommendations and science goals of 
the NASA Decadal Survey* 
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Critical advantages of in situ analysis

• Ground truth orbital measurements

• Enhanced concentration/Detection limits



Definitions
Sub Satellite Penetrator Impactor

• Performs science in orbit 
or during descent to 
mission termination 

impact

• Performs sub-surface 
science

• Impacts at high velocity, 
penetrating the surface like a 

bullet

• Performs science during 
descent

• Impact with the surface is 
designed to shoot ejecta up 
to be analyzed from orbit

Lander

Performs science on the surface

Very Hard Hard Soft

• Drops from as 
high as 10 km

• Drops from as 
high as 1 km or 
as low as 10m

• Touches down 
with minimal 
accelerations
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Impact Velocity & Drop Time

200 km orbit ∆v ~ 1510 km/s
100 km orbit ∆v ~ 1465 km/s

100 kg probe: 35-55 kg propellant and Isp 200-360 s
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200 km orbit ∆v ~ 1510 km/s
100 km orbit ∆v ~ 1465 km/s

Pathfinder/MER Rovers

Mars Deep Space 2

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





Data return based on Huygen’s 8 kbs data rate:

• 200 km orbit: 30.5 Mbits decent, 24.2 Mbits from surface

• 100 km orbit: 29.4 Mbits decent, 13.8 Mbits from surface



Lander Lifetime
(Science, Radiation & Power Considerations)

~7 hours First phase: decent plus 3 orbits

~30 hours
First phase, plus 8.5 hour ‘dark’ 
phase, then 13 hrs for next 6-7 

orbits

~7 + n21.5 hours

First phase, plus 21.5 hours to 
achieve each increment of ‘dark’ 

phase plus subsequent 
communication orbits.

Full Europan day (85.2 hours)
Lander should survive for ~93 

hours in order to communicate all 
data back to orbiter.



1) If the payload permits, conduct experiments that
assume contrasting definitions for life.

2) Given limited payload, the biochemical definition
deserves priority.

3) Establishing the geological and chemical context of
the environment is critical.

4) Life-detection experiments should provide valuable
information regardless of the biology results.

5) Exploration need not, and often cannot, be hypothesis 
testing. Planetary missions are often missions of 
exploration, and therefore the above guidelines must 
be put in the context of exploration and discovery 
driven science.

Lessons learned from Viking Landers 

Chyba and Phillips (2001) 



Chlorophyll-a mapping of Earth’s ocean

Terra satellite, Moderate Resolution Imaging Spectroradiometer (MODIS)

Jan 25, 2001



Life Detection on Icy Worlds
Biosignatures vs. Abiotic Radiolytic Chemistry





Amide I,α-helical, C=O/C-N: 1655 cm-1

Abiotic, NH3, C-C=O: 1669 cm-1

Amide I, β-helical, C=O/N-H: 1637 cm-1

Amide II, N-H/C-N: 1537 cm-1

Abiotic, NH2: 1592 cm-1

Phosphodiesters (RNA, DNA, ATP): 
1240 cm-1, 1260 cm-1, 1078 cm-1,

Tyrosine band: 1514 cm-1

Hand & Carlson, in prep
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...plus nitriles, S-H, and subtle amides

Hand & Carlson, in prep
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adapted from Figueredo et al. 2003



Hand et al. 2009

Bacterial abundance in 
select terrestrial ecosystems



Winn and Karl (1986) 

Plumes above hydrothermal vents on Earth
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middle, in the realm of biochemistry. 
Pace (2001) has argued that alien 
biochemistry will turn out to be the 
same as biochemistry on Earth, because 
there is one best way to do things and 
that natural selection will ensure that 
life everywhere discovers that way. 
Only observation will tell if there is one 
possible biochemistry, or many. 

Future missions to Mars might fi nd 
microfossils in sedimentary rocks such 
as those at Meridiani Planum. Microbes 
don’t readily form convincing fossils; 
the one exception may be the strings 
of magnetite formed by magnetotactic 
bacteria (Friedmann et al. 2001). 
As interesting as fossils might be, we 
could not be sure that a fossil found 
on Mars was not merely another 
example of Earth life. We know that 
rocks have come to Earth from Mars, 
and it is possible that such rocks could 
have carried life between the planets 
(Mileikowsky et al. 2000; Weiss et al. 
2000). Finding fossil evidence for life 
on Mars does not demonstrate a second 
genesis in our Solar System.

Finding a Way to Search for Alien 
Life 

If we were to fi nd organic material 
in the subsurface of Mars or on the ice 
of Europa, how could we determine 
whether it was the product of a 
system of biology or merely abiotic, 
organic material from meteorites or 
photochemistry? If this life were in 
fact related to Earth life, this should 
be easy to determine. We now have 
very sensitive methods, such as PCR 
and fl uorescent antibody markers, for 
detecting life like us. This case would 
be the simplest to determine, but it 
would also be the least interesting. If 
the life turned out to be truly alien, 
then the probes specifi c to our biology 
would be unlikely to work. What, then, 
could we do to determine a biological 
origin?

The question is open and possibly 
urgent. On space missions already 
being planned, we may have the 
opportunity to analyze the remains of 
alien organics on the surface of Europa 
or frozen below ground on Mars. The 
instruments that will make this analysis 
must be designed in the next couple of 
years.

One approach appears promising. I 
call it the “Lego Principle.” It is based 
on the patterns of the molecules of 
life. Biological processes, in contrast 

to abiotic mechanisms, do not make 
use of the range of possible organic 
molecules. Instead, biology is built 
from a selected set. Thus, organic 
molecules that are chemically very 
similar to each other may have widely 
different concentrations in a sample 
of biological organics. An example 
of this on Earth is the 20 amino acids 
used in proteins and the use of the left-
handed version of these amino acids. 
The selectivity of biological processes 
is shown schematically in Figure 2 by 
the distribution of spikes in contrast to 
a smooth, nonbiological distribution. 
General arguments of thermodynamic 
effi ciency and specifi city of enzymatic 
reactions suggest that this selectivity is 
required for biological function and 
is a general result of natural selection. 
Different life forms are likely to have 
different patterns, and at the very least 
we might fi nd the mirror symmetry of 
life on Earth, with D- instead of L-amino 
acids.

This approach has immediate 
practical benefi t in the search for 
biochemistry in the Solar System. 
Samples of organic material collected 
from Mars and Europa can be easily 
tested for the prevalence of one 
chirality of amino acid over the other. 
More generally, a complete analysis of 
the relative concentration of different 
types of organic molecules might reveal 
a pattern that is biological even if that 
pattern does not involve any of the 
familiar biomolecules. Interestingly, 
if a sample of organics from Mars or 

Europa shows a preponderance of D-
amino acids, this would be evidence of 
life, and at the same time would show 
that this life was distinct from Earth 
life. This same conclusion would apply 
to any clearly biological pattern that 
was distinct from that of Earth life. 

Organic material of biological 
origin will eventually lose its 
distinctive pattern when exposed to 
heat and other types of radiation, 
(examples of this include the thermal 
racemization of amino acids), but at 
the low temperatures in the Martian 
permafrost, calculations suggest that 
there has been no thermal alteration 
(Kanavarioti and Mancinelli 1990). An 
interesting question, as yet unanswered, 
is how long organic material frozen 
into the surface ice of Europa would 
retain a biological signature in the 
strong radiation environment. 

On Europa, the organic material 
for our tests might be collected 
right from the dark regions on the 
surface. On Mars, there is ice-rich 
ground in the cratered southern 
polar regions (Feldmann et al. 2002), 
which presumably overlies deeper, 
older ice. The surprise discovery of 
strong magnetic fi elds in the southern 
hemisphere of Mars (Acuña et al. 1999; 
Connerney et al. 1999) indicates that 
the area may be the oldest undisturbed 
permafrost on that planet. Like the 
mammoths extracted from the ice in 
Siberia, any Martian microbes found 
in this ice would be dead, but their 
biochemistry would be preserved. 
From these biological remains, it would 
then be possible to determine the 
biochemical composition of, and the 
phylogenetic relationship between, 
Earth life and Martian life. We may 
then have, for the fi rst time, a second 
example of life. !
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Figure 2. Comparison of Biogenic with 
Nonbiogenic Distributions of Organic Material 
Nonbiological processes produce 
smooth distributions of organic material, 
illustrated here by the curve. Biology, 
in contrast selects and uses only a few 
distinct molecules, shown here as spikes 
(e.g., the 20 l-amino acids on Earth). 
Analysis of a sample of organic material 
from Mars or Europa may indicate 
a biological origin if it shows such 
selectivity. 

McKay, 2004
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Europa surface temperature:  70-130K





1) Evidence for high material mobility.
2) Concentration of non-ice components.
3) Relative youth.
4) Textural roughness.
5) Evidence for stable or gradually 
changing environments.

Geological criteria to guide 
the search for biosignatures

Figueredo et al. (2003)


