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Titan, a complex, Earth-like moon of Saturn 

with organics, shares features both with other 
large icy satellites and the terrestrial planets. It is 
subjected to tidal stresses, and its surface has been 
modified tectonically to form mountains. It is 
likely that cryovolcanism exists where liquid 
water, perhaps in concert with ammonia and 
carbon dioxide, makes its way to the surface from 
the interior. Cassini revealed that Titan has the 
largest accessible inventory of organic material in 
the solar system aside from Earth, and its active 
hydrological cycle is analogous to that of Earth, 
but with methane replacing water. Titan’s clouds, 
rain, flash floods, and greenhouse and anti-
greenhouse effects might provide important les-
sons for Earth’s long-term climate evolution. 
Albeit with dramatically different chemistry, 
Titan’s landscape appears remarkably Earth-like, 
featuring dunes, fluvial channels, and mountain 
ridges, as well as polar lakes filled with liquid 
hydrocarbons. Titan’s dense atmosphere is mostly 
nitrogen—like Earth’s—and varies seasonally in 
temperature, dynamical behavior, and composi-
tion, including a winter polar structure analogous 
to Earth’s ozone hole. Finally, although Titan is 
similar to Earth in many ways, its atmosphere is 
unique in the solar system, experiencing strong 
dynamical forcing by gravitational tides (a trait 
Titan may share with many extrasolar planets). A 
mission launched in the 2018–2022 timeframe 
could provide a unique opportunity to measure a 
seasonal phase complementary to that observed 
by Voyager and by Cassini, including its extended 
missions.  

Recent discoveries of the complex interactions 
of Titan’s atmosphere with the surface, interior, 
and space environment demand focused and 
enduring observation over a range of temporal 
and spatial scales. The TSSM two-year orbital 
mission at Titan would sample the diverse and 
dynamic conditions in the ionosphere where 
complex organic chemistry begins, observe sea-
sonal changes in the atmosphere, and make global 
near-infrared and radar altimetric maps of the 
surface. This study of Titan from orbit with better 
instruments has the potential of achieving a 2–3 
order-of-magnitude increase in Titan science 
return over that of the Cassini mission.  

Chemical processes begin in Titan’s upper at-
mosphere and could be extensively sampled by an 
orbiting spacecraft alone. However, there is sub-
stantial additional benefit of extending the meas-
urements to Titan’s lower atmosphere and the 
surface. Titan’s surface may replicate key steps 
toward the synthesis of prebiotic molecules that 

may have been present on the early Earth as 
precursors to life. In situ chemical analysis, both 
in the atmosphere and on the surface, would 
enable the assessment of the kinds of chemical 
species that are present on the surface and of how 
far such putative reactions have advanced. The 
rich inventory of complex organic molecules that 
are known or suspected to be present at the sur-
face makes new astrobiological insights inevita-
ble. In situ elements also enable powerful tech-
niques such as subsurface sounding to be applied 
to exploring Titan’s interior structure. Understand-
ing the forces that shape Titan’s diverse landscape 
benefits from detailed investigations of various 
terrain types at different locations, a demanding 
requirement anywhere else, but one that is unique-
ly straightforward at Titan using a montgolfière 
(hot-air) balloon. TSSM’s montgolfière could 
circumnavigate Titan carried by winds, exploring 
with high resolution cameras and subsurface-
probing radar. The combination of orbiting and in 
situ elements would be a powerful and, for Titan, 
unprecedented opportunity for synergistic investi-
gations—synthesis of data from these carefully 
selected instrumentation suites is the path to 

understanding this profoundly complex body. 

 
Figure 3-1. The TSSM orbiter will have multi-
ple opportunities to sample Enceladus’ 
plumes. 
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Goal Summary
Goal A:

Goal B:

Goal C:

3.1 Mission Architecture Assessment





Architecture in situ
Launch vehicle
Launch date
Trajectory

Flight time to Saturn
Saturn System Tour Phase
Number of close Enceladus
encounters during the Saturn
Tour
Number of Titan encounters 
during the Saturn Tour
Titan Aerosampling Phase
Titan Orbital Phase
Radiation Design Point*
Science Instruments, mass 
allocation

Orbiter
Montgolfiére
Lake Lander

Average data volume return 
from Titan orbit
Cumulative data volume 

Orbiter
Montgolfiére
Lake Lander

3.3 Cost, Schedule, and Risk



 
mined from the process described above, the 
TSSM budget reserves are calculated as: 
• Phase A = 10% 
• Phase B through D = at 35% per Bottoms Up 

analysis. The Cost Risk Subfactors analysis 
yielded a 34% estimate. Further details are 
discussed in Appendix D.  

• Phase E = 15% 
The reserves base is the current best estimate 

cost including RPS but excluding DSN Aperture, 
Launch System, and EPO. 

The TSSM project implementation schedule is 
based on experience from prior Flagship missions 
and the unique aspects of this mission. It includes 
milestones and funded schedule margins con-
sistent with NASA directive NPR 7120.5D and 
JPL Flight Project Practices. This schedule is 
driven primarily by long lead procurements, an 
extensive Verification and Validation (V&V) 
program, and mission trajectory considerations. 
Coordination with ESA during development and 
integration of the in situ elements is planned. A 
timeline for the mission with phase durations, key 
decision points, and operational modes is shown 

in Figures 3-5a and b. The current schedule is 
based on a 2020 launch as directed in the ground 
rules for this effort. If a 2018 launch opportunity 
is preferred, the schedule could be adjusted for the 
two year advance. Later dates are easily accom-
modated as well. An ESA baseline schedule was 
derived during the assessment study of the ESA 
provided in situ elements and it is confirmed as 
being compatible with a 2020 launch. Earlier 
launch dates are also possible. 

While the science resulting from TSSM would 
be a giant leap beyond Cassini-Huygens, the 
development risk for the Baseline TSSM is com-
parable to that for Cassini-Huygens. Long-lead 
items such as RPS, propulsion systems, and struc-
ture are planned to be initiated early in the devel-
opment process to ensure on-time availability for 
integration. Because the NASA orbiter and ESA 
in situ elements build upon Cassini-Huygens, 
MRO, MESSENGER, Dawn, New Horizons, and 
ExoMars experience and lessons learned, the 
technical development, and cost risks are well 
understood. 

 

 

 
Figure 3.5a. Top-level mission Development timeline. 
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Figure 3-5b. Top-level mission Operational timeline. 
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