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TUnderstanding Iy Worlds to Maximizc

Science Returmn on Future Missions

Workshop orn Habitalbility of Icy Worlds:
T Fefrrizcary ZOIE

Pasaderzca, Califorrzica, 55—

Missions to the outer plancets are chal-
lenging. Far beyond the asteroid belt, the
Sun is a weak source of energy——radio-
isotope thermoclectric generators (RTGs)
tend to be the power system of choice
over solar panels. The radiation environ-
ments can be extreme. Yet these icy worlds
call to us. Some have icy plumes eruptins
into space: some are laden with organic

material. All of the ingredients for life are
there water, chemistry, and enersy.
meaning that these planets could be liv-

able environments

Understandins the habitability of icy
worlds lies at the nexus of several fields:
geology. chemistry. physics, and biology.
The Workshop on the Habitability of lay
Worlds brousght together experts in all of
these fields. The objective was to under
stand these icy worlds Eurcopa., Enceladus,
Titan, Ganymede, Ceres, and others to
maximize science return on future missions
to these unforgivins places.

The workshop featured discussions on
energy necessary for life (growth, mainte
nance, and evolutiorn), the temporal depen-
dence of life at low temperature, and fluid
flows arcund ice grains. Speakers reviewad
pending missions and current concepts,
including those in the near future (the Jupi-
ter Tey Moons Explorer (JUICED, the pro-
posed Europa Clipper), as well as those
more fantastic CleceMole, EurEsx), and
stressed the importance of basic research
funding to support mission science. Charn-
bers are being built to simulate many of
these environments (Titan, Mars, Pluto, icy
world interiors), and these were announced
to the community as available for collabora-
tive future efforts.

One point brought up repeatedly was the
lack of global imaging coverage of Europa.
If the plumes on Eurcpa are verified, there
is substantial interest in comparing them to
those of Enceladus and identifying what the
Eurcopa Clipper mission could do to further
clarify their source and mechaniso.

Talks focused on new arceas of rescearch
that would be important for UpPcoming mis-
sions to icy worlds, includins

- Experimental work on the damasce/
penetration depth of energetic particles in

ices
- Theorcatical and experimental investiga-

tions of energy flux, biomass dynamics, and
the time scale of metabolism/evolution rel-
evant for Europa

- Mechanistic exploration of how simple
prebiotic chemical reactions lead to life

- Further study of “weird life” that might
exist in icy world environments

- Determination of the limits of detection
for biology (or possibly internmediates)

- Buoyant clathrates and the transport of
guest molecules

- Study of the “porosphere the porous
and permeable space between the surface
and bedrock in the contexts of a ess to
chemical energy and transport of particles
and/or microorganisms (a concern for plan-
ctary protectiond

The workshop, which drew more than
140 participants, included talks, several pan-
els, and open mike time to facilitate interac-
tive discussions, as well as a live video fead
and time for posted questions to involve
the online community. There are still many
unanswered questions, but the workshop
helped to bring the scientific community to
a consensus on the next key steps to enable
new, groundbreaking science.

Many younger attendees also pointed out
that the main outcome of the workshop in
their eyes was the forging of new potential
collaborations. The real take-home message
was that despite varying backgrounds and
experiences. those who attended are indeed
all astrobiologists, and this is a very exciting
time to be in plancetary science.

— MOoORGAN L. CAaBLE, PATRICIA M. BEAUCHAMP,
and DAVID SENSKE, NASA Jot Propulsion Laboratory,
California Institute of Technology: Pasadena: email:
morgan.l cable@jpl nasa_gov





Undersanding ley Worlds o Muximize
Science Return on Future Missions.

T S e S

et



