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Motivation scientifique et recommandations

Motivation:
• 2019: « Topical Teams » pour discuter du plan à long terme Voyage 2050. Liste des white papers de l’AO: 

https://www.cosmos.esa.int/web/voyage-2050/white-papers

   → Lunes des planètes géantes

• 2022: le groupe ESA external L4 Science Expert Team a été nommé. Rapport: 

https://www.cosmos.esa.int/documents/1866264/1866292/ESA_L4_Expert_Committee_report_Voyage_2050_Moon

s_of_the_Giant_Planets.pdf

   → Encelade et Titan sont les deux plus intéressantes pour leur caractéristique de mondes océans. La destination 

principale est le pôle sud d’Encelade

• 2025: le groupe ESA de définition d’une strawman payload (L4PWG) a été nommé.

Recommandations:
• Orbiteur nécessaire mais non suffisant : après JUICE nous aurons besoin d’un atterrisseur.

 Les opérations de surface devront durer au minimum 4 semaines

• Accès à la sous-surface par échantillonnage des panaches

• Tour des autres lunes de Saturne
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Moon tour – flyby velocities

Please ignore the year

All flybys are over the equator of the moons
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Search for “safe-hold points” orbits

Search for “safe-hold points” orbits:

• A new stable “Pretzel” orbit , recently found by the 

ESOC L4 team! 

• Southern and northern version exist

• Delta-V needed to reach it, stability, ground track, 

etc. is currently being investigated

• Unclear to what extent we fly through the plumes

• We can add flybys, through the plumes, at the end 

of the moon tour

• ~5m/s and ~1 month for each flyby
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Charge utile conceptuelle

Orbiter (78 kg):

• Mass spectrometer

• Plume dust analyser

• Camera (VIS, high res.)

• Magnetometers

• Radio science

• Infrared Spectrometer

• (Ice-penetrating) radar

• Energetic Particle Detectors

Lander (23 kg):

• Mass spectrometer (+ separation system)

• Camera

• Lab-on-a-Chip/sample handling

• Physical, geophysical and

chemical sensors

Small instruments (hundred to few 100s g)

E.g. Idefix rover: miniRAD (radiometer), cameras

Huygens: density measurement

Permittivity sensors
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Design préliminaire

31 jours d’opérations en surface

• 6.5 h de la séparation à l’atterrissage

• 2 h commissioning

• ~23 h science / jour

• 1 h de communication avec l’orbiteur/jour

• ~23 kg de charge utile (seulement)

Alimenté par batteries

• Batteries conventionnelles: ~230 kg! → 4 semaines à la surface d’Encelade

• Masse humide : ~1000 kg (trop?)

• Besoin d’une grosse structure comprimable pour un atterrissage doux sur un terrain 

inconnu avec des propriétés de surfaces inconnues.

L’atterrisseur
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Science Traceability Matrix (doc. évolutif)

Payload 

Requirements

Current Known 

Payload 

Technology

(Heritage)

→ Add your 

favorite 

instrument 

here
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Développements technologiques nécessaires

Développements techno nécessaires avant l’adoption en 2034. Idéalement TRL6 avant adoption pour 

dérisquage
➔Miniaturisation et efficacité en puissance

ESA L4 Study team ready to support you on all aspects regarding the technology development

- Understanding ice material

- Passive snow sampling

- Desalination

- Speed up TRL increase for Orbitrap

- Impact survivability of biomarkers

- Lab on a chip receptor chemistry (stability derivatization reagents etc)

- Miniaturized MS (Univ Wroclax, PL), MEMS GCs (UK, Swiss, France)
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Enceladus Orbilander

2nd priority in decadal survey 2023-2032

Determine whether or not Enceladus is inhabited and why

Obtain geochemical and geophysical context for life detection: 

Concept study - MacKenzie et al. 2022 Astrobio
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Encelade, une cible populaire – NASA New Frontiers 5

▪ ELF (Enceladus Life Finder)/ Nightingale (JPL) (Reh et al. 2016 – Proposé en NF4 (2017). Sera 
reproposé en NF5. Co-Is CNES proposés

▪ Tiger (Spiers et al. 2021)

▪ SILENUS (Nathan et al. 2022)

▪ Autres proposal du JPL ? (Sélection interne envisagée, 6 propositions pour NF5, downselect à 3 (?)) 

▪ EAGLE : Enceladus Astrobiology and Geology Landed Explorer (Penn State). Sera proposé en NF5

→ Proposition pour synergie avec L4 ESA. Co-Is et instruments CNES proposés

▪ BRINE/ELSAH : Enceladus Life Signatures And Habitability (GSFC) – « Fly low and fly slow ». Proposé en NF4
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High speed flybys

• Removing the high-speed flybys (HSF) would save >500 kg wetmass and 10 months of the mission

• Frees up propellant

• Addition of Mimas flyby(s)

• Targeted flybys of the other moons

• More time spent in orbit around Enceladus → longer recognizance phase!

• Enable other mission architectures

• potential for substantial reduction in mission complexity and cost

• drawback of increasing the overall mission duration (~1 year)
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Questions for L4 PLWG

• Are there any strong scientific reasons NOT to remove the high-speed flybys?

• If we select the “Pretzel”-orbit, how do we make sure we comply with the scientific requirement: 

“We require the spacecraft to execute some high velocity flybys through the plume while still being in a 

Saturn resonant orbit (Figure 6). At least 10 such flybys should be executed, targeting plume sampling 

with the spacecraft’s in situ instrumentation at altitudes ideally below 50 km.”

• What constitutes a flyby?

• What min/max velocity? 

• What maximum altitude?

• What is the required minimum density of the plumes?
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L4 main design drivers

Launch capability of Ariane 64 (and evolutions) estimated to be ~10.7 tons into HEO orbit

• One launch to carry a first stack with the orbiter (~80kg payload) and the Enceladus lander

• Second launch with the chemical propulsion stage and the solar electric propulsion stage

• Limited solar power available in the outer solar system requires use of large solar arrays and primary batteries:

• Low solar flux (~14 W/m2) at Saturn   ≥180 m2 solar arrays on the orbiter

• ~700 W generated EOL

• Large solar arrays enable electric propulsion in inner solar system

• Primary battery for the Enceladus lander (High TRL, with further improvement being investigated)

• Low TRL solutions with European equipment: high energy density fuel cells, and/or RHUs

• The thermal control system is driven by a highly variable thermal environment

• Extremely low temperatures in the outer solar system and high temperatures generated by the SEP stage at ~0.8 AU

• Telecommunication (orbiter to ground) requires large high-gain antennas (~2 to 3 m) and arrayed (35 m) ground stations

• Only possible to transfer a limited amount of data (~22 kbps)
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Bonus slide: Blue Ghost payload inspiration
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