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The Future Exploration of Saturn  
Chapter and Talk Outline 

  
1. Preview of Grand Finale Mission (Kevin, Frank) 
2. Post-Cassini: Outstanding Science Issues (All) 
3. Future Planetary Missions: NASA and ESA (Sushil, Olivia, Tom Spilker) 
4.  Earth-Based Observing Possibilities over the Next Few Decades 
 - Airborne and Near-Earth Telescope Facilities (Tommy Greathouse, Henrik 
            Melin,  Glenn Orton)  
 - Large Telescopes (> 4 meter aperture) (Tommy Greathouse and  
             Glenn ) 
 - Amateur Observations (Anthony) 
4.     Summary 



Grand Finale Cassini Mission 



Cassini-Huygens Project 



Gravity Measurements  
• Current measurements are limited to J2, J4, J6, and J8 

– Do not yet allow an estimate of the extent of a possible 
high-density core, the depth of Saturn’s zonal winds, or the 
mass of Saturn’s classical ring system.  

– All of these will be possible with the planned RSS gravity 
experiments during the Cassini Grand Finale.  

•  The absolute accuracy of the gravity field measurements will 
 be improved by a factor of several hundred over current 
 values, and extended to both even and odd harmonics up to 
 14 with an absolute error below 2 x 10-7.  
 



Expected Cassini Sensitivity to Zonal Gravity  
           Harmonics during Proximal Orbits.  



Cassini Grand Finale 

• Saturn’s ionosphere (INMS and RPWS) 
– Measurements near noon 

• Radio occultations only sample near dawn or dusk 
– Electron density (RPWS), electron & 
           ion temperatures (RPWS-LP) 
– First composition measurements of an  
           outer planet ionosphere 

• Internal magnetic field (MAG) 
– Higher order terms for dynamo theory 
– Asymmetric terms (if any) for core rotation rate 

• Aurora (VIMS and UVIS) 
– Highest spatial resolution of Cassini mission (50 km TBC) 

• Lightning: Whistlers and Sprites (RPWS and MIMI) 
– Radio signals and energetic electron beams produced by lightning 

 



Post-Cassini Outstanding Science 
Issues 

 



Element abundances in Saturn & Jupiter 



S.K. Atreya, 2007 
Upper limits 

Look for heavy elements below the 
clouds 
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Future Planetary Missions 
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Future Planetary Missions 

No new missions currently approved 
But several proposals are underway 
 
1. New Frontiers Saturn Probe: Recommended by Decadal Study 
2. ESA Cosmic Vision Call: Probe mission proposal being developed 



Decadal Study 

















Concept of Saturn Probe Under Development for the ESA 
M4 call 

Mission concepts: entry probe that would descend 
through Saturn’s stratosphere and troposphere 
under parachute down to a minimum of 10 bars.  
 
Three possible mission configurations: 
 
 Configuration 1: Probe + Carrier. After probe 

delivery, the carrier would follow its path and be 
destroyed during atmospheric entry, but could 
perform pre-entry science. The probe would 
transmit its data via DTE link; 
 

 Configuration 2: Probe + Carrier/Relay. The 
probe would detach from the carrier several 
months prior to probe entry. The carrier 
trajectory would be designed to enable probe 
data relay during over-flight and flyby science; 
 

 Configuration 3: Probe + Orbiter (similar to 
Galileo). As for Config. 2, but after probe relay 
during over-flight, the orbiter would transit to a 
Saturn orbit and continue to perform orbital 
science. 

 

In all three configurations, the 
carrier/orbiter would be equipped with a 
combination of solar panels, secondary 
batteries and possibly a set of primary 
batteries for phases that require a high 
power demand, for example during the 
probe entry phase. 
 



Instrument Measurement 
Mass Spectrometer Elemental and chemical composition 

Isotopic composition 
High molecular mass organics 

Tunable Laser Spectrometer Stable isotope ratios 
 

Helium Abundance Detector Accurate He/H2 ratio 

Atmospheric Structure Instrument Pressure, temperature, density, 
molecular weight profile 

Doppler Wind Experiment Measure winds, speed and direction 

Nephelometer Cloud structure 
Solid/liquid particles 

Net-flux radiometer Thermal/solar energy 

Concept of Saturn probe to be submitted to the ESA M4 call 

Example of model payload 



Juno will map Jupiter’s water in July 2016 

Launched August 2011 Earth flyby 9 October 2013 



Juno will map Jupiter’s water in July 2016 

Launched August 2011 Earth flyby 9 October 2013 

What about Saturn? 



Juno Microwave Radiometry maps Jupiter’s water 
and ammonia 

− Radiometry sounds the 
deep atmosphere 

− Six wavelengths: 1- 50 cm 
− Determines and maps H2O 

and NH3 abundances to 
≥100 bars globally  

Use same technique on Saturn 



 Ground-Based and Earth-Proximal 
Telescopic Facilities 



Near-Term Questions 
• What is the reaction of the atmospheres of 

Saturn or Titan to seasonal forcing? 
• What is the behavior of the SSAO in view of 

what is likely to be storm interference? 
• How long does it take Saturn’s atmosphere to 

relax back into pre-storm conditions? 
• What is the behavior of atmospheric thermal 

waves: Are their properties driven by seasonal 
variability or the storm aftermath? 
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Near-Term Questions 
• What is the behavior of the Saturnian Semi-

Annual Oscillation in view of what is likely to 
be storm interference? 
– Recent observations show an exception to the  14.7-year SSAO period. 
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Near-Term Questions 
• How long does it take Saturn’s atmosphere to 

relax back into pre-storm conditions? 
- e.g. relaxation of deep clouds sensed in the 5-m window to pre-storm 
cloudy state 

 
 
 



Near-Term Questions 
• What is the behavior of atmospheric thermal 

waves: Are their properties driven by seasonal 
variability or the storm aftermath? 

 

 
 



Long-Term Questions 
• Are there other non-seasonal variations in the 

atmospheres of Saturn or Titan? 
• What is the collision rate at Saturn – do we 

see bolides flashes or evidence for any impact 
events? 

• What is the long-term behavior of waves? 
– Slowly moving waves 
– Low-latitude waves, such as the SSAO 

• Are the effects of great storms similar for both 
the mid-latitudes and low-latitudes? 
–  Clearing of deep clouds 
– Establishment of a stratospheric “beacon” vortex 

 
 
 



Questions probed by Ground-based 
Facilities 

• Seasonal variability 
– Saturn (15-19 arcsec diameter) 

• Seasonal monitoring of temperatures and hydrocarbon 
abundances can be performed on 3+ meter telescopes 
at all wavelengths. 

 

Wavelength  1 µm 5 µm 14 µm 28 µm 

Diameter 

3-meter 0.083 0.41 1.17 2.35 

8-meter 0.032 0.16 0.44 0.88 

30-meter 0.0083 0.041 0.117 0.24 

Diffraction Limit 



Ground-based Facilities 
• Current facilities < 4 meter 

• NASA IRTF 
– Seeing often at 0.5” or better 
– Possibility of AO-guided imaging in future 
– Mid-ir diffraction ~2” still useful for seasonal variability, waves 

• Calar Alto 
– PlanetCam using “lucky imaging” 

• University of Hawaii 88” 
– Tip-tilt available, AO being implemented 

• Other professional,  
– e.g. Palomar 60” using “Robo-AO” 

• Amateur community 

 

IRTF, 5.1-μm (no AO) 

Calar Alto, RGB composite  
  (lucky imaging) 



• Current telescopes, 8-10 meter class 
• Gemini North and South 
• Subaru 
• Keck 1 and Keck 2 
• Very Large Telescope (4 telescopes) 
• Gran Telescopio Canarias (aka GranTeCan or GTC) 

– Routine availability of adaptive optics for near-ir 
– Mid-IR diffraction limit to ~0.4” 

 
 

Ground-based Facilities 

Gemini N with AO, JHK composite 
Keck, 17.8-μm mosaic 

Keck with AO, near-IR 



Ground-based Facilities 
• Future large aperture telescopes: 

– E-ELT : European Extremely Large Telescope at 
Cerro Armazones (39-m, operations planned early 
2020s) 

– Groundbreaking has taken place 
 



Ground-based Facilities 
• Future large aperture telescopes: 

– GMT : Giant Magellan Telescope at Las Campanas 
Observatory (24.5-m, commissioning planned to 
start in 2020) 

 



Ground-based Facilities 
• Future large aperture telescopes: 

– TMT : Thirty Meter Telescope on Mauna Kea (30-
m, planned completion 2022) 

– E-ELT : European Extremely Large Telescope at 
Cerro Armazones (39-m, operations planned early 
2020s) 

– GMT : Giant Magellan Telescope at Las Campanas 
Observatory (24.5-m, commissioning planned to 
start in 2020) 

– Diffraction limit for mid-IR down to size of current 
limit for near-IR (<0.17”), e.g. image mid-IR 
variations on Titan 

 



Giant Magellan 
Telescope - 2020 

 
 
 
 
 
 

 

European Extremely 
Large Telescope – 2020s 

 
 
 
 
 
 

 

Thirty Meter Telescope - 
2018 

 
 
 
 
 
 
 

λ (µm) Field size 
 

Max 
resolution 

Brown 
Dwarfs 

Exo-
planets 

Ice 
Giants 

Saturn 

IRIS <2.5 2.2x4.55"  4000 
WIRC 0.8-5 30” 100 

NIRES 1-5 2” 100,000 
HARMONI <2.45 5x10” 20,000 
METIS-IFU 3-5.3 0.4 x 1.5"  100,000 
SIMPLE <2.5 4” 100,000 
GMTNIRS 1-5 1.2” 100,000 
MIISE 3-28 2’x2’ 2000 



Earth-Proximal Telescopes 
• HST: Hubble Space Telescope (2.4-m, 1990-

present) 
– Detailed cloud motions 
– Access to UV spectrum 

• JWST: James Webb Space Telescope (6.5-m, 
planned launch 2018 and operating at L2, 5 
year lifetime with goal of 10 years) 



Earth-Proximal Telescopes 
• HST : Hubble Space Telescope (2.4-m, 1990-present) 

– Expected operations through 2020, 2-year overlap with 
JWST 

– Wide Field Camera 3 (WFC3) (Near-UV to Near-IR) 
– Cosmic Origins Spectrograph (COS) (UV) 
– Advanced Camera for Surveys (ACS) (Far-UV to Visible) 
– Space Telescope Imaging Spectrograph (STIS) (UV to Near-

IR) 
– Near Infrared Camera and Multi-Object Spectrometer 

(NICMOS) (Near-IR) 
– Fine Guidance Sensors (FGS) (Visible) 
– Need to push for planetary support from the community 



Earth-Proximal Telescopes  
• JWST : James Webb Space Telescope (6.5-m, 

planned launch 2018 and operating at L2, 5 year 
lifetime with goal of 10 years) 
– Near Infrared Camera (NIRCam) (0.6-5 µm) 
– Near Infrared Spectrograph (NIRSpec) (0.7-5 µm) 
– Mid Infrared Instrument (MIRI) (5-28.5 µm) 
– Fine Guidance Sensors/Near-Infrared Imager and 

Slitless Spectrograph (FGS/NIRISS) 
– Limited to < 10 μm (otherwise saturated) 

 



Solar System Observations with JWST 
Norwood et al.,   

Figure 6.  VIMS spectrum of Saturn (darker line) over a spectral region 
comparable to that of NIRSpec.  The spectral resolution of the VIMS data 
is ~200; NIRSpec will be able to match or exceed this, providing a more 
detailed understanding of the chemistry and dynamics in the giant planet 
atmospheres.  Figure from Baines et al. (2005). 



JWST MIRI Saturn Spectrum Prediction 

Saturn 

Viable for Wavelengths  < 18 µm  

Saturation 
Limits 



Auroral Observations  



SOFIA:  Stratospheric Observatory for 
Infrared Astronomy 



SOFIA:  Stratospheric Observatory for 
Infrared Astronomy 

• EXES : Echelon-Cross –Echelle Spectrograph (4.8-28.3 µm) 
(R=105, 15,000, or 4,000) 

• FIFI-LS : Field Imaging Far-Infrared Line Spectrometer (42-
210 µm) 

• FLITECAM : First Light Infrared Test Experiment CAMera (1-
5 µm) 

• FORCAST : Faint Object InfraRed Camera for the SOFIA 
Telescope (5-40 µm) 

• GREAT : German Receiver for Astronomy at Terahertz 
Frequencies (60-200 µm) 

• HAWC : High-resolution Airborne Wideband Camera (50-
240 µm) (bolometer camera and polarimeter) 

• HIPO : High-speed Imaging Photometer for Occultation 
(0.3-1.1 µm) 



Observations from Amateur Observers 

 



  

  

Current State-of-the Art in Amateur Planetary Imaging 
 
The Current Evolution of High Speed / Low Noise Video Cameras  
Available to Amateurs Allow them to Contribute to Planetary  
Imaging in Three Distinct Ways: 
 
 
- Visible Light Feature Detection and Tracking 
 
 
 
 
 
- Visible Light Color Changes, Ddetection and Tracking 
 
 
 
 
 
- Impact / Flash / Bolide Detection 
 
 
 
 
 
 

Amateur Planetary Imaging 

Anthony Wesley, Astronomical Society of Australia 



  

  

Amateur Planetary Imaging 

Anthony Wesley, Astronomical Society of Australia 

- Camera Technology Evolving 
and Improving Faster Every  
Year, Improvements in Sensitivity 
and Reduced Noise. 

- Computer Software and Hardware Improving 
  Every Year. 
 
- Optical Quality Improving and Better Understanding 
  of Critical Factors e.g. Telescope Thermal Behaviour. 
 
- Better Understanding of  Data Acquisition and 
Processing. 

- More Opportunities for  
Pro/Am Collaboration using 
Social Media / Internet 
(fb, skype, vnc, etc) 

The Future of Amateur Planetary Imaging 



  

  

Amateur Planetary Imaging 

Anthony Wesley, Astronomical Society of Australia 

Camera Trends   2003  - 2016 
Typical sensors in use for amateur planetary imaging: 
 
2003 
Sensor:   Sony ICX098BL  
Process   CCD 
QE @ 550nm  38% 
 
 
2007 
Sensor  Sony ICX424AL 
Process  CCD 
QE @ 550nm 54% 
 
 
2014 
Sensor  Aptina MT9M034 
Process  CMOS rolling shutter 
QE @ 550nm 75% 
 
 
2015 - 16 
Sensor  Sony IMX174 
Process  CMOS global shutter 
QE @ 550nm 76% 
 



  

  

Amateur Planetary Imaging 

Anthony Wesley, Astronomical Society of Australia 

Saturn image from 2005 using 
the best available amateur 
camera :- 

Image from 2014 using the best 
available amateur camera :- 



The Future Exploration of Saturn 
Summary 

1. Until the Cassini Grand Finale concludes in late 2017, a wealth of  
       new data and results can be expected 
2. JSWT and new large paperture groundbased tel;escopes promise  
       fundamental new data and insights Developments  
3. The Amateur Community can be expected to continue to grow,   
       both in Number of Observers and in the quality of  observations  
4. In-situ and orbital missions needed to ascertain elemental 
       compositon 
5.    Problem: Lack of UV data 
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