Organic Chemistry and Habitability
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Titan offers abundant complex organics on the surface of a Dragonfly is a New Frontiers Phase-A study of a rotorcraft Moz ol b PRERIO N EILRE LR fi Tiae] 2oL e
water-ice-dominated ocean world, making it an ideal ander designed to perfnrm wide-ranging in situ explnratiur:l and The Dragonfly Mass Spectrometer (DraMS) performs detailed
destination to study prebiotic chemistry and document the dlsqﬂvery to deternl'uf':e how far che:mlstry hgs progressed in - analyses of chemical components, providing a broad
habitability of an extraterrestrial environment [1-7]. _ environments providing key ingredients for life. compositional survey, organic molecular structural analysis
: : " : : including chirality, and selective, compound-specific
: 5 A lander with aerial mobility enables sampling of materials and INCIVAING Ya Al , L spec
What makes a planet or moon habitable: detailed meastrement of surface compositions at dozens of measurements of primordial, prebiotic and biologically relevant
What chemical processes led to the development of life? sites in different geologic settings 10s — 100s of km apart. molecules in surface samples [195, 26-35].
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Dragonfly would perform multidisciplinary science at each site
and in flight to understand the compositional measurements in
the context of Titan's meteorology and methane cycle, the local
geologic setting and material properties [11], and geophysical
measurements of the subsurface [12].
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Organic-rich Titan supports complex

chemical cycling and opportunities for SCIENCE OBJECTIVES:

ﬂ"g‘ta”i“fttlf h"“? i”t":'_"a'f;“*‘d “"'“th iquid * Analyze chemical components available and processes at A broad-based search for multiple chemite] biosignatures
Efa:;iﬂy e ;i;”at L work that produce biologically relevant compounds [13-16] minimizes assumptions about the nature of any potential life.
processes at work and determine how « Measure atmospheric conditions, identify methane This strategy draws from the NASA Astrobiology ‘Life Detection
far organic synthesis has progressed reservoirs, and determine transport rates [17-19] Ladder’ and from other missions chartered to search for

in environments that provide all the key y . ; :
ingredients for life. « Constrain processes that mix organics with past surface

liquid water reservoirs or subsurface ocean

potential biosignatures [5, 36-38]. Evaluating relative
abundance and distribution of organics is diagnostic for biology
that uses liquid water as a solvent [39-40].

Cassini VIMS [8] « Search for chemical evidence of water- or hydrocarbon-
DIVERSE SURFACE ENVIRONMENTS based life Lines of
) : . . . evidence in the
Titan is an Earth-like world with active search for
geological processes and biosignatures
[after 38]

a global methane cycle
» Widespread re-distribution of materials

» Liquid methane could support development
of alternate biological systems

» Potential for organics to interact with liquid
water at the surface, e.q., impact craters

and cryovolcanism The neutron-activated Dragonfly

Gamma-ray and Neutron
Spectrometer (DraGNS)
measures bulk elemental surface
composition, allowing rapid b Emaiie

» Potential for exchange of organics with
interior ocean

Atmospheric chemistry

produces very complex Titan's dense atmosphere (4x that at Earth's : ‘ ,
organic molecules that fall surface) and low gravity (1.35 m/s?), heavier- aui CIESSIﬁGﬂ’[l{?n of Suﬁacﬁ matengl 0 2 :
out onto the surface than-air maobility is highly efficient [20-23]. _‘_mi and detection of minor inorganic Energy (MeV)
Active methane cycle fills elements [15,16].
hydrocarbon lakes and seas MISSION TIMELINE AND OPERATIONS .
and subsurface resenvoirs - « 2025 launch; 2034 Titan arrival = ~1 Titan year after Huygens' TSE grmagfnﬁy Gemphys‘,l;s g TIEIEEFGI;Q}' packagﬁh
Cryovolcanoes bring interior first landing in equatorial dunes [24] characterized by Cassini (DraGMet) measures surface and subsurface properties,
liquid water into contact with . In situ oberations have relaxed pace with 16-dav Titan-sols including seismic monitoring [41], and atmospheric conditions,
: surface materials s . P 1 P Y including searching for H, sinks.
Impact craters provide surface oases where warm liquid * Flights using battery recharged by MMRTG [20,25]

water mixes with organics for 103-10° years [4,9-10] D it Er T D The DragonCam camera suite acquires surface panoramas,

Dune sands collect widely sourced organic material 1 hand-lens imaging, and aerial imaging to characterize geologic
Interdune areas expose water-ice-rich bedrock * Over 2 years of exploration (MMRTG output degrades slowly) features and provide context for sampling [42].
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