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SEAFARER: Navigating Unknown Seas An L4-class space mission
concept for the exploration of the Saturnian System developed
during the ESA 2024 Summer School Alpbach

Fabian Weichbold'?, Diogo Quirino®*>, Agathe Bouis®, Samuele Vaghi’, David Placke®, Anike
Ohm?®, Julia Wiltenburg!®, Eléna Gonzalez!!, Vincent Affatato!?, Johanna Buerger!?, Brent Quanten'?,
Christos Ntinos'®, Boris Baudel'®, Emil Juul*’, and Colm Daly?®

!Space Research Institute, Austrian Academy of Sciences, Graz, Austria (fabian.weichbold@oeaw.ac.at)

2University of Graz, Austria

3Instituto de Astrofisica e Ciéncias do Espaco, Universidade de Lisboa, OAL, Edificio Leste, Tapada da Ajuda, PT1349-018 Lisbon,
Portugal

“Departamento de Fisica, Faculdade de Ciéncias, Universidade de Lisboa, Edificio C8, Campo Grande, PT1749-016 Lisbon,
Portugal

5School of Ocean Sciences, Bangor University, Menai Bridge, LL59 5AB, United Kingdom

SUniversity of Strathclyde, United Kingdom

’Politecnico di Milano, Italy

8University of Applied Science Wiener Neustadt, Austria

Technische University Berlin, Germany

Rijksuniversiteit Groningen, The Netherlands

"yuniversity of Zaragoza, Spain

2Eyropean Space Agency, The Netherlands

3Technische Universitit Braunschweig, Germany

“Hasselt University, Belgium

BInstitut de Physique du Globe de Paris, France

%yniversité Paris Saclay, France

7Technical University of Denmark, Copenhagen

8The Queen’s University of Belfast, Ireland

The Saturnian System hosts a wide diversity of planetary environments, from an active ocean world
to the only moon in our Solar System with a dense atmosphere and complex chemistry. These
worlds are natural laboratories to test planetary evolution and the geophysical and chemical
processes that shape Habitability. We present an L4-class space mission concept developed by a
team of European students during the European Space Agency (ESA) Summer School Alpbach 2024
with the objective of exploring the range of possible Habitability scenarios on a single system of
moons. The proposed space mission concept, SEAFARER - Surveying Environments Across the
Saturnian System For hAbitability REseaRch, will have dedicated mission phases to Enceladus and
Titan, allowing the exploration of different rich geochemical settings within the same space mission.

The SEAFARER space mission consists of three specialised segments: an orbiter, a Saturn
atmospheric entry probe and a planetary lander to be deployed on Kraken Mare, Titan’s largest
hydrocarbon sea. The orbiter will survey the Saturnian System using a remote sensing suite,
performing multiple flybys of Saturn and its moons, with close flybys of Mimas and Enceladus.
During its trajectory, SEAFARER will analyse the dust environment, while monitoring the long term
weather on Saturn and ring dynamics. The orbiter will investigate Mimas for the presence of a
possible young subsurface ocean through a series of flybys. Following this phase, SEAFARER will



raise its periapsis, conducting a series of targeted flybys of Enceladus. During these, it will sample
and analyse material from the Enceladus’s south polar plume, searching for organic chemistry and
test the possibility of hydrothermal activity and evidence for a biosphere. The mission will reach the
final phase entering a high-inclination orbit around Titan. The orbiter will monitor the dense
atmosphere of Titan including its dynamics (polar vortex, superrotation), hazes (formation,
chemistry), tracking its seasonal evolution from polar to equatorial latitudes. Titan’s surface will be
mapped via radar, enabling for tracking the hydrological cycle and surface processes, such as
cryovolcanism.

The atmospheric probe will be deployed as SEAFARER entry the Saturn System. It will perform in
situ studies of composition and dynamics on the Saturn’s upper atmosphere, providing insight into
Saturn formation and orbital evolution, constraining planetary migration scenarios that resulted in
the present-day Solar System architecture.

The Titan lander will be deployed from a high-inclination orbit on Kraken Mare, providing the first
oceanographic mission outside the Earth. The lander will act as a drifter, measuring sea currents,
physical parameters such as surface temperature and sea-atmosphere energy fluxes, while
providing weather information on variables such as precipitation. This mission’s segment will provide
a unique insight into the hydrocarbon sea as a reservoir for the methane-based hydrological cycle.

SEAFARER is expected to address the Saturnian System planetary science questions stemming from
the legacy of the NASA/ESA/Cassini-Huygens mission. SEAFARER instrument suite will provide
remote sensing and in situ measurements of a diversity of Ocean Worlds, from the possible young
Mimas to the active Enceladus where complex organic chemistry can be studied. SEAFARER will
determine whether Enceladus hosts a biosphere. The mission will explore the complexity of a
methane-rich atmosphere and its hazes with implications for radiative transfer studies and global
climate models. SEAFARER Titan lander will provide the first in situ exploration of a sea outside the
Earth, rendering it a true oceanographic mission in the outer Solar System.
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