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5. Solar system  
5.1. Introduction 

 
There are a number of exciting scientific questions in the field of planetary sciences to which  
MUSE will significantly contribute. We consider 3 major distinct categories: 
 

• Investigation of the planetary surfaces of the Galilean satellites and of Titan's 
atmosphere and surface, 

• Study and mapping of the optical and mineralogical surface heterogeneities of the 
small bodies of the solar system (earth-grazing and main belt asteroids, comets), 

• Monitoring of the temporal evolution (e.g. seasonal effects) of the atmospheres of the 
giant planets and their dynamics, with special emphasis on the observation of the 
atmospheres of Neptune and Uranus. 

 

5.2. Galilean Satellites and Titan surfaces 
 
As recently explored by the Galileo mission and AO-assisted ground-based telescopes, the 
surfaces of the Galilean satellites are undergoing major resurfacing processes as the result of 
different geological processes. Intensive volcanic resurfacing on a planetary scale is occurring 
on Io, as evidenced by the significant regional surface changes observed in the hot spots areas 
between the Voyager and Galileo missions (Spencer et al., 1996; McEwen et al., 1998; 
McEwen et al., 2000; Douté et al., 2001; Geissler et al., 2001; Marchis et al., 2002). It can be 
traced and documented spectroscopically in the visible-near infrared range, with special 
emphasis on the surface mixing related to the occurrence of SO2 species. MUSE could carry 
out observations aimed at: 
 

• Providing a global spectroscopic imaging coverage, including the edge of the 1 micron 
domain which is sensitive to the presence of mafic silicates, thus determining the 
proportion of the surface covered by exposed silicate magma; 

• Monitoring through time major surface changes occurring on Io beyond 2011 (i.e. 5 to 
10 years after the Galileo mission) and consequently to constrain the amount of 
volcanic resurfacing at planetary scale (see Fig. 5-1). 

 
“High angular resolution provided by adaptive optics systems on 8 m class telescopes is a 
promising tool for monitoring the volcanic activity of Io from the ground with a spatial 
resolution better than the global Galileo/NIMS observations. With the end of the Galileo 
mission, the future monitoring of Io’s volcanism lies in the hands of terrestrial observers with 
the ability to make spectroscopic AO observations" (Marchis et al., 2002). MUSE will play a 
key role in fulfilling this responsibility of ground-based observers to monitor activity on IO, 
providing unique access to high spatial resolution spectroscopic imaging at visible and near-
infrared wavelengths in the post-Galileo mission era. 
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Fig 5-1 - Taken from Marchis et al., 2002). It demonstrates what could be monitored at Io by MUSE in 
the visible-nIR domain. (a) Jupiter-facing hemisphere observed with the Keck AO system. The basic-
processed images from 20 February 2001 (first row) are displayed. The second row corresponds to the 
same images after applying the MISTRAL deconvolution process. Albedo features, similar to the 20-km-
resolution reconstructed GALILEO/SSI image (right column) are easily detected. The last row shows the 
22 February 2001 images, which are dominated by the presence of the Surt outburst. (b) Observations 
from 19 February 2001. Two hot spots, corresponding to Tvashtar (North) and Amirani, are clearly 
detected in the H and K bands. Note the bad quality of the J-band image after deconvolution, due to the 
poor seeing condition of this observing night. 
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For Europa, Ganymede and Callisto, more subtle resurfacing processes are now also 
recognized and an intermittent systematic monitoring of the optical surface properties should 
also be made. All these objects have an apparent diameter ranging between 1 and 2", and are 
therefore perfectly suited to the MUSE-HR field of view, allowing efficient surveying and 
monitoring of their surfaces. 

 
MUSE could also extend the spectro-imaging monitoring of Titan's atmosphere to be 
conducted by Cassini during the period 2004-2007 and which is also of high scientific value 
and benefit. This would significantly contribute to the understanding of the general 
atmospheric circulation for which the present modelling efforts are only considering a 
standard atmospheric photochemistry profile, with no lateral or temporal variations. At 
present, such modelling simulates latitudinal temperature contrasts in the stratosphere that are 
significantly weaker than those observed by Voyager 1, and it may be partly due to the 
absence of the spatial and temporal variations of the abundances of molecular species and 
haze. 
By considering different spectral windows within the visible to near-infrared wavelength 
range of a single MUSE exposure, it will be possible to probe down into the atmosphere of 
Titan, and measure the mesoscale lateral and vertical structures and characteristics. Methane 
and absorption bands have been documented by earth-based spectroscopic observations in the 
4900-5500; 6000-6600; 8700-9300 Å domains (Moreno et al., 1991, Coustenis et al., 1995; 
Combes et al., 1997) and the comparison of spectral images acquired by the WFPC camera of 
Hubble Space Telescope at 4400, 5500 and 8890 Å with Voyager images indicate 
atmospheric seasonal changes (Caldwell et al., 1992; Smith et al., 1996). Temporally-resolved 
monitoring of Titan would be well-suited to MUSE's high-resolution capabilities, with the 
diameter of Titan (including its atmosphere) being in the range of 1.0-1.2", resulting in a 
predicted effective spatial resolution of 140-150 km per lens. 
 

5.3. Surface heterogeneities of the small bodies 
 

For the study of comets and asteroids in the solar system, MUSE will produce several 
major breakthroughs. For the study of comets, there will be: 
- Study at high spatial resolution (3.5km/pixel for a comet at 0.2 a.u.) of morphology of 

the internal coma, within 300-500 km around the cometary nucleus, of the 
relationships with the activity of the nucleus (e.g., distribution of active zones and the 
rotational parameters of the nucleus). 

- Spectroscopic study of the cometary dust: spectral variations as a function of the 
distance to the nucleus. Relationships with the ejected gases.  

- In a few cases (closest approaches), it might be possible to extract the contribution of 
the nucleus to the reflected light by the centre of the coma and consequently to 
estimate the diameter of the nucleus. 

 
and for asteroids:  

- Despite the recent extension toward the infrared, the general taxonomic classes of 
asteroids are based on colour photometry in the 0.3-1.1 micron domain (see summary 
of Tholen and Barucci, 1989).  
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- The asteroids orbiting the sun within the main belt have perihelion distances ranging 
between 1.6 and 3.3 a.u.. The possible spatial resolutions, assuming an angular 
resolution of 0.025", would thus range from 10 to 40 km/pixel. 

- For the largest objects (more than 10), it permits the mapping of the optical and 
mineralogical surface heterogeneities and consequently provides insight into their 
accretional and subsequent geochemical differentiation history. As an example, taking 
advantage of its rotation, MUSE could produce a global map of Ceres (diameter: 1025 
km). 

 

5.4. Temporal changes in Jupiter, Saturn, Uranus and 
Neptune 

 
The predicted spatial resolution delivered by MUSE in the high-resolution mode 
(corresponding to a 0.025" angular resolution) translates into effective physical scales as 
follows: 75 km/pixel at the distance of Jupiter, 150 km at Saturn, 300 km at Uranus and 500 
km at Neptune. The latter two objects represent the best candidates for both a synoptic survey 
and a truly new return in terms of scientific knowledge. Furthermore, their apparent diameters 
of about 4" and 2.3", respectively, make them ideal for global monitoring given the field of 
view of MUSE in its high spatial resolution mode. For Jupiter and Saturn, a global monitoring 
would be more time-consuming, requiring mosaics of several high-resolution fields. Instead, 
it may be more practical for these objects to target regional areas of interest (e.g. the red spot, 
polar regions, etc.).  

 
The key contribution of MUSE would be to monitor through time the mesoscale changes in 
the atmospheric patterns with the possibility of probing the 3-D atmospheric structure by 
examining different spectral windows along the extensive MUSE wavelength range, 
depending on the considered spectroscopic absorptions related to gaseous species such as: 
CO, C2H2, NH3, HC3N, CH4, etc. (e.g., Tomasko et al., 1984; West et al., 1986).  For 
instance, in the case of the atmospheres of Uranus and Neptune, photons in the 4900-6600 Å 
wavelength range penetrate to the deep convectively mixed atmospheric layers, giving 
information on the deep methane abundance and aerosols properties (Moreno, et al., 1986). 
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