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Baseline mission architectureBaseline mission architecture
Combining
●An orbiter (Titan+Enceladus)
●A hot-air balloon/montgolfière 
on Titan and one North-pole 
lake-landing probe

A short-lived 
Probe/Lander with liquid 
surface package would 
land in a northern sea

A hot-air balloon (Titan Montgolfière) would 
float at 10 km above the surface around the 
equator with some altitude control

Dedicated Titan orbiter would be 
used also for relay after several 
Enceladus flybys





Key Mission Phases
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The Saturnian atmosphere

Cassini VIMS image



Saturn Atmospheric Science

•Observations of Saturn by TSSM could provide new information on 
unusual features seen in the 2-3 bar level atmosphere at a season 
different from that observed by Cassini. 

•annular clouds (“donuts”) at temperate northern latitudes 
•string of pearls” of approximately 2-dozen regularly-spaced, 
westward-drifting cloud clearings extending over one quarter of 
Saturn’s circumference near 33 degrees N. latitude 
•the solar system’s largest and most powerful vortices at both 
poles
•Unusual convective storm systems: bright clouds similar to 
some found on Jupiter and near-IR-dark clouds that reveal 
materials dredged up from deep within the atmosphere by 
thunderstorms. 

•Higher sensitivity near-IR spectrometer operating out to nearly 6 
microns would provide better vertical and spatial resolution on 
storms systems.





TSSM seasonal coverage of the Saturn atmosphere meshes very 
well with that of Cassini assuming a launch in 2020. 
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The Rings of Saturn



Ring Science 

•TSSM’s Saturn orbit insertion trajectory is on the lit side of the rings 
and is 3 to 4 times closer to the B and C rings than Cassini’s SOI 
trajectory.

•For the outermost A ring, TSSM is only 1,000 km away, about 7 
times closer than Cassini, providing near-IR resolution better than 
20 meters.
•
•The closer flyby distance, combined with the lit-side viewing of the 
rings, opens up the possibility for direct imaging of the A and B ring 
gravitational wakes.

•The closer flyby distance will also enhance in situ measurements of 
the ring atmosphere.  
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Properties of the Saturnian moons 



Satellite Science 

•Ground-penetrating radar instrument provides structural 
information to a depth of many km (up to 50 km at Enceladus). 

•Near-IR studies out beyond 5 microns (to between 5.6-6 microns) 
provides better diagnostics of organics on the surfaces of the 
satellites. 

•More sensitive and higher resolution thermal infrared mapping will 
permit better temperature diagnostics of the plume sources on 
Enceladus, and searches for more subtle activity on other icy 
satellites. 



Satellite Science beyond 5 microns  



The 5-6 micron region is difficult from the ground
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Atmospheric transmission at Gemini North site, 1 PMM water, airmass =1



Magnetospheric Science 

•Exploration of various phenomena including 
magnetospheric plasma convection patterns, 
various roles played by reconnection, etc.

•Exploration of the Saturnian magnetosphere at 
a different phase of the solar cycle.

•Investigation of the transport mechanisms of O 
and possibly OH from Enceladus to Titan.  



Ground-penetrating radar on Enceladus

Schubert et al 2007. Superposed arrow 
indicates maximum radar penetration depth  

Plume reservoirs should be 
accessible via the ground-
penetrating radar.

(Verification using detailed 
models to be done). 

(SWRI)



Origin of the Saturnian system



Mousis et al, 2009



Waite et al., 2009



Waite et al., 2009



Use noble gas ratios 
to diagnose 
oxidation state of 
the material which 
delivered volatiles 
to Enceladus.
This requires a 
more advanced 
mass spectrometer 
than is carried by 
Cassini.

Lunine and 
Stevenson, 1985



Conclusion

Although TSSM’s primary mission is the detailed 
exploration of Titan, the notional payload for the Orbiter 
provides new types of observations and capabilities that 
will enable the mission to address first-order science 
questions about the rest of the Saturn system. 


