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Focused	  Science	  Goals	  
Leverage	  Cassini	  Discoveries	  	  

Assess	  the	  astrobiological	  poten;al	  of	  
Enceladus	  and	  Titan	  
	  
	  
	  
Inves;gate	  the	  forma;on	  and	  
evolu;on	  of	  Enceladus	  and	  Titan	  
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Enceladus Titan 

Composition and flux of material 
in the jets forming the plume 

Characterization of the organic 
molecules in the upper 

atmosphere at different altitudes 
(> 900 km) and latitudes  

Temperature maps of the faults, 
tectonics and interior dynamics 

High resolution images for 
detailed study of features forming 

at different time-scales: dune 
fields, lakes, river networks, 

mountains, flows, impact craters 
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Focused	  Payload	  of	  
Two	  Instruments	  	  

•  STEAM:	  mass	  spectrometer	  characterizes	  
complex	  organic	  molecules	  with	  a	  10×	  larger	  
mass	  range,	  100×	  higher	  resolu;on,	  and	  
1000×	  becer	  sensi;vity	  than	  Cassini	  

•  TIGER:	  Infrared	  camera	  images	  the	  heat	  of	  
Enceladus’	  fractures	  and	  exploits	  four	  
windows	  through	  Titan’s	  haze	  

•  No	  Field-‐of-‐View	  conflict	  –	  simplifies	  system	  
design	  and	  opera;ons	  
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TIGER  High-heritage IR camera exploits four IR windows through Titan’s 

haze and images the heat of Enceladus’ fractures; 4 channels from        

2.03 – 5.7 µm. 50% Enceladus tiger-stripe fractures coverage at 10 m/pixel. 

15% Titan coverage at 50 m/pixel plus 500 m/pixel whole disk images. 

STEAM  Rosetta-flight-spare mass spectrometer characterizes 

complex organic molecules with a 10× larger mass range, 100× 

higher resolution, and 1000× better sensitivity than Cassini.  

How does JET fit into $408M FY10? 
•   NASA provides launch and two ASRGs 
•   Flight-spare Rosetta mass spectrometer contributed 
•   Telecom subsystem and star trackers contributed 
•   Product-line builds of JPL avionics and IR camera 
•   Cruise hibernation that works, based on EPOXI 

JET will image 

Titan’s surprising 

active river 

networks over 

1/6 of its area 

during 12 flybys 

ASRG and mission design enable rich data return 
•   14-month science mission, 4 Enceladus flybys, 12 Titan flybys  
•   120 Gb of data; high-priority data received after each flyby 
•   20,000 mass spectra of Enceladus jets and Titan atmosphere 
•   9,600 images of Enceladus and Titan  
•   8 years of ASRG engineering data 

JET will “taste” 

organics in Titan’s 

upper atmosphere and 

Enceladus’ plume to 

explain what        

Cassini          

discovered 

3 focused science goals leverage Cassini discoveries 
•   Determine what processes have shaped and are shaping Titan 

•   Assess the astrobiological potential of Enceladus and Titan 

•   Investigate the formation and evolution of Enceladus and Titan 

JET achieves major scientific advances in 3 of the 4 2003 Decadal Survey themes, building on Cassini/Huygens’ 
discoveries of Enceladus’ jets and Titan geological diversity to perform critical first-of-a-kind measurements  

JET flies two instruments on a simple planetary orbiter powered and heated by NASA’s new ASRG, on a 14-month, 
16-flyby science mission arriving at Saturn in 2023 after hibernating 

JET collocates PI, PM, instrument development, spacecraft design/build/test, mission design, navigation, and ops     
to manage to success within committed cost – opening the outer planets to an ASRG-enabled Discovery Program 

Focused payload – just 2 instruments with no FOV conflict – limits system and operations complexity 

JET 

Cassini 

JET 

10 m/pix 
resolution will 
reveal details 
of Enceladus’ 

tiger-stripe 
fractures 

Why return to Saturn in 2023? 
•   JET builds on the recent Enceladus and Titan discoveries 
•   Titan autumnal equinox (complementary to Cassini) does not occur again until 2054 
•   Next-generation preparation/continuity for future Saturn-system orbital/surface missions 
•   ASRG infusion/demonstration needed for PI-led programs to access outer Solar System 



STEAM’s mass 
resolution (far right) and 
mass range (below), 
both exceed the Cassini 
INMS capability (right) 
by over an order of 
magnitude. The Cassini 
INMS data reveal 
interesting, but 
ambiguous chemistry in 
Enceladus’ plume. 
STEAM will reach 1000 
Da and be able to 
differentiate compounds 
at the level of m/Δm = 
4000. 

STEAM	  
data	  

INMS	  
data	  

STEAM	  data	  

Mass	  (Da)	  

Mass	  (Da)	  

The stored 
ROSETTA 
flight spare 

STEAM	  characterizes	  the	  composi;on	  of	  the	  jets	  and	  plume	  emerging	  
from	  Enceladus,	  and	  the	  chemical	  composi;on	  of	  Titan’s	  upper	  atmosphere. 

Mass 18.6 kg 

Power Demand: 
Average 

 
<25 W 

FOV 10° x 40° 

Spectral Range 1-300 Da and 18-1000 Da channels 
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Huygens landing site 

JET	  could	  get	  Huygens	  resolu;on	  
on	  15%	  of	  Titan’s	  surface	  10	  ;mes	  
becer	  resolu;on	  than	  Cassini	  radar	  
images	  with	  an	  infrared	  camera	  
from	  ~0.7	  –	  ~6	  micron	  peering	  
through	  the	  haze	  

6/19/2013 7 Pre-‐decisional	  For	  Planning	  and	  Discussion	  Purposes	  Only	  

Discovery 2010 Journey to Enceladus and Titan (JET) 
AO NNH10ZDA007O Section D—Science Investigation 

D-6 
Use�or�disclosure�of�information�contained�on�this�sheet�is�subject�to�the�restriction�on�the�Restrictive�Notice�page�of�this�proposal.�

Furthermore, the Titan Saturn System Mission 
ranked equally in science with Europa in the 
prioritization, in 2008, of Flagship Missions. 
Enceladus and Titan are high-priority science 
targets for NASA and, to this end, JET will 
significantly advance NASA’s DS and SSE 
agenda. 

The JET baseline mission will cover 15% of 
Titan’s surface at 50 m/pix and will provide 
whole-disk mosaics at 500 m/pix. While key to 
scientific discoveries, these maps will also help 
define the most promising places for follow-on 
in situ investigations of the surface. Although 
floaters and submarines have been considered 
for exploring large seas such as Kraken Mare, 
minimizing risk will still require high-
resolution surface imagery. JET will also ac-
quire images at scales of 1–10 m/pix of Ence-
ladus’ surface near the jets. This information 
will also be of great utility for future landed 
missions to Enceladus. 

Finally, because the methane cycle on Titan 
is likely driven by seasonal and climatic varia-
tions, it is crucial to make observations of Ti-
tan’s surface during different seasons. Since 
Titan’s year is ~30 terrestrial years, Cassini 

will only observe Titan during about half of a 
Titan year. Through the Discovery mission 
program and the infusion of the ASRG, JET is 
able to provide the highly desirable observa-
tions during Saturn’s Autumnal equinox. 

The next three sections describe JET’s 
science goals and objectives. 
D.1.2 G1-What processes have shaped 

and are shaping Titan’s surface? 
The first JET goal (G1) addresses a central 

SSE DS question: How do the processes that 
shape the contemporary character of planetary 
bodies operate and interact? JET objectives 
SO1–SO4 address this goal and are described 
in the following sections. 
D.1.2.1 SO1—Identify new geological units 

With�its�highͲresolution�camera,�JET�will�obͲ
tain�wholeͲdisk�observations�of�Titan�at�
500�m/pix,�extending�the�spatial�coverage�of�
Cassini�radar�by�~2u.�The�50Ͳm/pix�images�
from�JET�(comparable�to�Huygens�DISR�data)�
will�afford�a�new�understanding�of�Titan.�

Identifying new geological units on Titan 
will require a significant advancement in spa-
tial resolution of available imagery. To illu-
strate the value of high-resolution imaging, a 
Landsat image of Death Valley (CA, USA) is 
shown in Fig. D.1-3 at two scales: 50 m/pix 
(JET science requirement) and 1 km/pix, (the 
best optical images from Cassini). Death Val-
ley provides a useful analogy to Titan since 
Titan’s climate is arid but not devoid of rainfall 
in analogy with places like the Mojave  

Figure D.1-2: VIMS spectra of Titan revealed a major 
surprise: the surface is visible in several atmospheric 
windows. High resolution surface imaging requires a 
careful balance between spectral regions of high trans-
parency and low absorption, matched appropriately with 
detector sensitivity. The red curve shows the transparen-
cy of Titan’s atmosphere. The black curve is a typical 
reflected spectrum of Titan where high values show low 
absorption. The four TIGER channels (C1 to C4) shown 
in grey are optimized for these critical parameters. C3 
and C4 provide thermal emission maps of Enceladus. 

1 km/pix

50 m/pix

Figure D.1-3: The same 500-km2 area of Death Valley at 
50 m/pix reveals important features unknown at 1 km/pix. 
By analogy, JET images will reveal features important to 
understanding Titan. Circular features on the top image 
are not impact craters as revealed in the lower image. 

VIMS	  spectra	  of	  Titan	  revealed	  a	  
major	  surprise:	  the	  surface	  is	  visible	  
in	  several	  atmospheric	  windows	  

Titan	  



Mission	  Concept	  Overview	  
	  

•  Intermediate	  launch	  vehicle	  (Atlas	  V	  4XX	  for	  example)	  
•  2	  ASRGs	  for	  power	  and	  waste	  heat	  u;liza;on	  
•  2	  instrument	  payload	  op;mized	  for	  Enceladus	  
and	  Titan	  science	  objec;ves	  

•  Hiberna;on	  during	  most	  of	  trip	  to	  Saturn	  
•  Enceladus	  and	  Titan	  flybys	  from	  Saturn	  orbit	  
using	  Cassini	  mission	  design	  techniques	  
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1.	  Launch	  
Nov.	  2021	  

2.	  Venus	  Flyby	  
Apr.	  2022	  

3.	  Earth	  Flyby	  
Mar.	  2023	  

4.	  Earth	  Flyby	  
June	  2026	  

5.	  Saturn	  Arrival	  
May	  2030	  

Proposed	  JET	  Trajectory	  to	  Saturn	  

–  Opera;ons	  cost	  would	  be	  
kept	  low	  during	  the	  
interplanetary	  cruise	  by	  
placing	  the	  spacecra\	  into	  a	  
hiberna;on	  mode	  

–  Mul;ple,	  similar	  Saturn	  
trajectories	  exist	  in	  the	  early	  
2020s	  

•  JET	  would	  reach	  Saturn	  in	  
8.5	  years	  using	  a	  Venus-‐
Earth-‐Earth	  Gravity	  Assist	  
trajectory	  
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Example	  JET	  Science	  Tour	  
JET’s	  science	  orbit	  would	  consist	  of	  12	  Titan	  Flybys	  and	  4	  passages	  

through	  the	  Enceladus	  plume	  during	  a	  2	  year	  Saturn	  tour	  

Detail	  Area	  

View	  of	  Tour	  from	  
Saturn	  North	  Pole	  

Periapsis	  Raise	  Maneuver	  
(PRM)	  

Ti1-‐Ti5	  

Ti12	  

Ti13	  

View	  of	  Tour	  
	  from	  Sun	  

Enceladus	  

Titan	  

From	  PRM	  
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Huygens	  
Landing	  
Site	  

Ontario	  Lacus	  

Kraken	  Mare	  
Ligeia	  Mare	  

Hotei	  Arcus	  

XANADU	  

FENSAL	  

ADIRI	  
BELET	  SENKYO	   AZTLA

N	  

TSEGIHI	  

SHANGRI-‐LA	  

Alt.	  <	  1500	  km	  
Alt.	  <	  1000	  km	  

Ti1	  Ti2	  

Ti3	  
Ti4	  

Ti5	  Ti6	  
Ti7	  

Ti8	  
Ti9	  

Ti10	  
Ti11	  

Ti12	  

A.	  Titan	  Ground-‐Tracks	  
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C.	  Enceladus	  Ground-‐Tracks	  

D.	  Enceladus	  Plume	  Penetra;on	  
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JET	  Conceptual	  Spacecra\	  
The	  JET	  mission	  would	  provide	  a	  plaqorm	  to	  demonstrate	  and	  
characterize	  ASRG	  technology	  while	  obtaining	  high	  value	  science	  

Fully	  redundant	  spacecra\	  	  
Fixed	  3	  meter	  high	  gain	  antenna	  
provides	  40-‐60	  kbps	  of	  data	  return	  	  
from	  Saturn	  

Focused	  science	  payload	  consis;ng	  of	  two	  
instruments,	  TIGER	  (infrared	  camera)	  and	  
STEAM	  (mass	  spectrometer)	  

Two	  Advanced	  S;rling	  Radioisotope	  
Generators	  (ASRGs)	  provide	  ~250W	  at	  Saturn	  

Passive	  capillary	  loop	  heat	  pipe	  system	  removes	  
the	  ASRG	  waste	  heat	  and	  transfers	  the	  heat	  to	  
the	  S/C	  

Dual	  mode	  bipropellant	  propulsion	  system	  
provides	  ~2.4	  km/s	  delta-‐V	  capability	  
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Low	  Cost,	  Low	  Risk	  Opera;ons	  
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Representa;ve	  
staffing	  	  transi;on	  
from	  hiberna;on	  to	  
Saturn	  orbit	  
prepara;on	  

	  

•  Use	  low	  risk	  hiberna;on	  during	  
cruise	  periods	  ala	  EPOXI	  with	  
beacon	  

•  Retain	  key	  spacecra\	  personnel	  
•  Cross	  trained	  mission	  opera;ons	  

team	  
•  Team	  members	  perform	  

mul;ple	  roles	  
•  Standard	  deep	  space	  ground	  

and	  spacecra\	  opera;ons	  
teams,	  procedures,	  and	  
so\ware	  
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Summary	  

•  Cassini	  has	  made	  amazing	  discoveries	  of	  jets	  
and	  a	  plume	  at	  Enceladus	  

•  Cassini	  also	  discovered	  IR	  windows	  that	  can	  
see	  through	  the	  haze	  to	  Titan’s	  surface	  

•  JET	  could	  follow	  up	  on	  these	  amazing	  
discoveries	  with	  a	  2	  instrument	  payload	  and,	  
enabled	  by	  2	  ASRGs,	  yield	  high	  value	  
Discovery-‐class	  science	  return	  
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