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Titan’s Surface-Atmosphere Interactions give many similarities with the 

terrestrial planets : Titan is an outstanding laboratory for comparative 

planetology (even though not formally a planet).  

An active hydrology like Earth's, atmospheric dynamics like Venus and Mars, 

seasons like Earth and Mars, etc. 



The Voyager 

View -  early 

1980s 

Titan as a 

photochemical 

factory 

Hidden surface 

Guided Cassini/Huygens  

formulation : understand 

chemistry better, 

characterize surface 

(plus lots of Saturn, 

rings, satellite, 

magnetosphere science) 



Cassini Spacecraft 
Spacecraft Specs 

Height: 6.8 m (22 ft) 

Diameter: 4 m (13 ft) 

Mass: 2500 kg (2.8 tons) 

    (fueled): 5600 kg (6 tons) 

Power: 700 Watts at SOI  

4 Gb solid state recorder 

4 

4 Optical instruments 

(CIRS, ISS, VIMS, UVIS) 

RADAR + Radio Science 

4 Particles & Fields 

(CDA, MIMI, CAPS,         

RPWS) 

 

 

6 Probe instruments 

(GCMS, DISR, ASI, SSP, 

ACP, DWE) 





Launched on October 

15, 1997 from KSC 

 

7 Year cruise on 

VVEJGA trajectory 

3 



Huygens receiver 

flaw discovered in 

relay test during 

Earth flyby 2 years 

after launch.  

Would result in near-

total data loss. 



Manipulate DF via orbiter trajectory change to reduce range rate, plus pre-heating 

of probe to exploit temperature dependence in probe transmitter clock. 









Huygens Descent Configuration 



DISR Imagers Approximate Fields-of-View 



Huygens from 

52km away 

 (Dec 26, 2004) 

Separation Performed Dec 24, 2004 





Earth as seen by Huygens: 2005.01.14, 10:19 UTC  

First detection by Green Bank ; Parkes took over. Supplemented 

by smaller telescopes (e.g. Kitt Peak)   Probe probably 

transmitted for >15 minutes after last detection. 

NB two distinct observing campaigns (same dishes, different 

receivers 

1.  Real-time doppler (intended as supplement to Cassini on-

board doppler recovery) 

2. VLBI to monitor position on the sky 



Huygens DISR image      UA/ESA/NASA 



Descent 

groundtrack 

fortuitously crossed 

bright/dark 

boundary. 

Brighter terrain 

elevated by ~100m 

; pluvial and 

sapping networks.  

Flatter, lower, but 

not smooth dark 

terrain.  



Post-impact operation of Huygens was not guaranteed ! 

Surface images showed   Rounded cobbles.  Small pebbles carried away  - evidence 

of fluvial transport 

Surface volatiles detected by GCMS – much richer spectrum than atmosphere 

(volatiles also indicated by DISR and possibly by acoustic absorption) 



Karkoschka and Tomasko (PSS, 2008) 

 







Reprojected DISR mosaic by E. Karkoschka,  LPL, UA 



A surprise on Titan - (organic) Dunes ! 

Sometimes seen as positive ridges ~1-2km wide, 150m high. 

Sometimes only visible as dark streaks against brighter 

substrate 







Things to be learned about 

Titan at all scales. 

 

Mars program is a good 

template 

 

A Titan orbiter will spend more 

time close to Titan in its first 5 

days than Cassini will have.  

 

2007 Titan Explorer Flagship 

study made first 

comprehensive assessment of 

post-Cassini science priorities. 

 

Blank slate 

 

Obvious advantages to 

aerocapture – allows multiple 

platforms on single launch 

 



Pre-Decisional For Planning 

Only 

Site Visit, 30 June 14 

Objectives trace to Decadal Survey  

and Roadmap Goals 

Pre-Decisional For Planning Only June 14 

2003-2013 Solar System Exploration                                          

(First "Decadal" Survey) 

2006 SSE Roadmap and 2007 NASA 

Science Plan Titan Flagship Objectives 

Learn how the Sun's retinue of planets 

originated and evolved 

How did the Sun's family of planets and 

minor bodies originate 

Obj.2 Inv.2  Determine geochemical 

constraints on bulk composition 

How did the solar system evolve to its 

current diverse state 

Obj.1 Inv.4 Determine differentiation and 

thermal evolution 

Discover how the basic laws of physics and 

chemistry, acting over eons, can lead to the 

diverse phenomena observed in complex 

systems such as planets 

Obj.2 Inv.4 Determine depth, thickness of 

Subsurface Ocean 

Obj.1 Inv.2  Geologic, marine etc. 

processes 

Understand how physical and chemical 

processes determine the main characteristics 

of the planets, and their environments, thereby 

illuminating the workings of the Earth 

Obj.1. Inv.1 Determine composition and 

transport of volatiles 

Obj.1. Inv. 3 Interaction of atmosphere with 

Saturn magnetosphere 

Obj.2. Inv.1 Determine chemical pathways 

of complex organic formation Determine how life developed in the solar 

system, where it may have existed, whether 

extant life forms exist beyond Earth, and in 

what ways life modifies planetary environments 

What are the characteristics of the solar 

system that led to the origin of life 

Obj.2. Inv. 3 Determine chemical 

modification of organics to prebiotic 

molecules 

How did life begin and evolve on Earth and 

has it evolved elsewhere in the solar 

system 

Explore the terrestrial space environment to 

discover what potential hazards to the Earth's 

biosphere may exist. 

What are the hazards and resources in the 

solar system environment that will affect the 

extension of human presence in space 
  



Pre-Decisional For Planning 

Only 
Site Visit, 31 June 14 

Known to Occur 
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on Earth 
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http://en.wikipedia.org/wiki/Image:Cytosine_chemical_structure.png
http://en.wikipedia.org/wiki/Image:Glycine-2D-skeletal.png
http://en.wikipedia.org/wiki/Image:Methane-2D-stereo.svg
http://en.wikipedia.org/wiki/Image:Human.svg
http://upload.wikimedia.org/wikipedia/en/f/f0/DNA_Overview.png


Pre-Decisional For Planning 

Only 

Site Visit, 32 June 14 Pre-Decisional For Planning Only Interim #2 Briefing, 32 June 14 

Orbiter maps surface, atmosphere and space 

interactions. Lander performs monitoring and surface 

chemistry. Balloon explores at high resolution. 

Aerosampling 

Global  

Surface 

Mapping 

Sample diverse 

magnetospheric 

conditions 

Balloon 

Vistas 

Lander in-situ 



Pre-Decisional For Planning 

Only 

Site Visit, 33 June 14 

T28 SAR   ~ 35km Huygens DISR ~4km 

Orbiter – Balloon – Lander : A Multiscale 

Architecture for Exploring a Diverse Multiscale 

Surface 

Huygens DISR ~ few m 

To understand the processes shaping Titan needs information on all scales – e.g. for 

fluvial processes need large-scale networks and topography, mid-scale observations 

to understand e.g. runoff threshold and floor fill, and small scale to characterize 

sediment itself. 

Atmosphere (via optical scattering and enforced high altitude of orbiter) makes mid-

scale (~1-10m resolution) difficult to acquire e.g. by HiRISE-type instrument. Lander 

would not see wide diversity of terrain during descent. 

An aerial platform like a balloon bridges the scale gap – wide coverage at high 

resolution. Reduces risk for future lander missions by characterizing terrain hazards. 



Titan is easier to land on than Mars (in many ways).  A Titan Lander could conduct 

seismic, magnetic, meteorological monitoring, and detailed analysis of surface 

materials. 



Pre-Decisional For 

Planning Only 

Site Visit, 35 

June 14 

•Titan's thick, cold atmosphere is 

easy to fly in (planes, balloons) - 

hot air balloon is particularly 

attractive. 

•Balloon surveys diverse terrains 

at very high resolution, obtains 

spectra through less of 

atmospheric column, and higher 

resolution subsurface radar 

sounding than orbiter. 

•Expected zonal tropospheric 

winds ~1 m/s allow two 

circumnavigations in one year at 

~10km altitude (low enough to 

image surface)  

•Altitude control capability makes 

mission robust to wind field and 

may allow tidal wind field to be 

exploited for latitude change. 

Balloons on Titan 

Tibor Balint 



Pre-Decisional For Planning 

Only 

Site Visit, 36 June 14 

Science traceability matrix guides architecture &  

payload selection (Payloads are representative only –  

not only set that meets goals)  





2nd phase in Flagship shoot-out.  Aerocapture ruled out. In-

situ elements from Europe  (lake lander and balloon). Must do 

Enceladus science as well as Titan.   



JHU/APL Proprietary 

A Brief History of TiME  

• Titan’s lakes discovered summer 2006; seas in 2007 

• TiME Proposed in 2007 to DSMCE study call for PI-led (i.e. 

small) missions enabled by ASRG  Stirling Generator 

• Concept refined during DSMCE study; proposed to Discovery-

12 opportunity in 2010 

• Selected  May 2011 for Phase A study. Generated much interest.

• InSight selected August 2012 

• ASRG development delayed, then suspended. 

• No RPS allowed for Discovery 2014.  

 





TiME Science Objectives 

 Constrain sea composition 

• Determine the chemistry of seas to constrain Titan's methane cycle, look 

for patterns in the abundance of constituents in the liquids and analyze 

noble gases. Instruments: Mass Spectrometer (MS), Meteorology and 

Physical Properties Package (MP3). 

 Constrain sea depth 

• Determine the depth of the Titan sea to determine sea volumes, and thus, 

organic inventory. Instrument: MP3 (Sonar). 

 Measure sea surface properties 

• Characterize physical properties of sea liquids and how they vary with 

depth. Instrument: MP3. 

• Determine how the local meteorology over the seas ties to the global 

cycling of methane on seasonal and longer timescales. Instrument: MP3 

• Analyze the nature of the sea surface (waves, foam) and the state of the 

atmosphere above the sea. Instrument: Descent and Surface Imagers 

(DI, SI). 

• . 
41 



Recently, Mastrogiuseppe et al (GRL, 2014) reported a distinct 

second echo from altimetry over Ligeia Mare on T91 (May 2013).  

Such an echo (from a depth of  up to ~160m) requires the sea to be 

exceptionally radar-transparent (consistent with lab measurements 

of methane/ethane) 

Which means viscosity 

should be low, not too 

hard to form waves… 



June 2012 : South Polar Vortex cloud 

June 29, 2012 Blue 



JPL Team-X study 

~$700m  - NF fit ! 





Titan remains a compelling target of future 

exploration, with more scientific disciplines 

represented, and more vehicle types possible (with 

consequent public appeal), than anywhere else but 

Earth.  

 

Lots of low-hanging scientific fruit. 

 

But long duration missions require radioisotope 

power. 

 

Exclusion of Titan from New Frontiers mission list is 

questioned by many. 

 

Lots of exciting findings still coming from Cassini.   


