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Introduction: One of the most significant findings of 
the Cassini Mission was the discovery of activity on 
Enceladus. The plume on Enceladus leaves many clues 
to its existence, including a thermal signature, alterations 
of the Saturnian magnetic field, as well as a striking vis-
ual presence. One particularly sensitive indicator of 
plume activity is the presence of a peak in the forward 
scattering phase function, indicating small particles from 
the plume that are relatively transparent, and unlike the 
moon’s surface, have a strong forward-scattered compo-
nent. With its multiple targeted and serendipitous flybys 
of the satellites, the Cassini mission is ideally suited to 
gathering observations at large phase angles (the maxi-
mum excursion in solar phase solar angles from Earth is 
6º for the Saturnian system). The Visual Infrared Map-
ping Spectrometer (VIMS) obtained data between 0.35 
and 5.1 µm for phase angles greater than 147º for five 
satellites: Mimas, Enceladus, Tethys, Dione and Rhea 
(see Table 1). The plumes on Enceladus are most pro-
nounced at about 2.01µm [1], and appear clearly at all 
solar phase angles greater than ~150º when the south 
pole of Enceladus is visible.   In this abstract we discuss 
the search for plume activity on Mimas, Dione, and 
Tethys with VIMS observations obtained at large solar 
phase angles. VIMS observations of the plume of 
Enceladus are discussed in detail in [2]. A search for and 
upper limits to a water vapor plume on Rhea, a satellite 
with no expectation of activity, led to upper limits of 2 
orders of magnitude less than that calculated by Cassini 
UVIS for Enceladus [1].  

 
Table 1: A summary of observations at large solar 

phase angles 
 

Satellite Phase (º) Latitude Range (106 

km) 
Mimas  151 1.6 0.42-1.07 
Tethys 150-152 17 and -0.1 1.03-1.28 
Dione 145-167 0.26-8 0.48-1.28 
Rhea 154 33 0.36 

 
    Mimas, Dione, and Tethys are all satellites for which 
activity may reasonably exist. Mimas may have a history 
of past mean motion resonances with the other main, 
inner satellites [3]. Mimas currently resides in a 2:1 
mean motion resonance with Tethys. Robust calculations 
of tidal heat production for Mimas are difficult because 
its mechanical properties are poorly known (due to the 
lack of close flybys during the Cassini mission), Dione 
and Tethys are associated with the best evidence for ac-

tivity, in the form of plasma transported from their 
surfaces [4]. Double peaked “butterfly” pitch-angle dis-
tributions representing both high and low energy 
electrons were found in Saturn’s inner magnetosphere. A 
model of this distribution assuming a dipole magnetic 
field for Saturn shows that the two plasma streams origi-
nate separately from Dione and Tethys, forming plasma 
tori at the locations of their orbits [4].  In addition, Dione 
exhibits a small signal from a possible tenuous atmos-
phere [5].  Finally, geologic features on both Dione and 
Rhea show extensive faulting and resurfacing with pos-
sible associated outgassing [6,7,8]. 
 
   Data Analysis: We constructed solar phase curves by 
calculating brightness measurements for Mimas, Tethys, 
and Dione: the entire signal within an aperture contain-
ing the satellite, plus one radius beyond the satellite, was 
added. The “sky” background was computed in an annu-
lus outside this aperture and subtracted from the signal. 
In principal, there should be no background in space, but 
scattered light from Saturn and the rings contaminates 
the images even after all calibrations are accomplished. 
These additional corrections are especially significant 
when trying to detect tenuous plumes. Corrections for 
“gray light” – light from Saturn that shines on the dark 
portion of Saturn - was also subtracted. All observations 
were referenced to a common spacecraft distance.  
 
Results: None of the satellites show any evidence for a 
plume. Figure 1 shows the largest solar phase angle ever 
obtained for one of these four satellites: 167º for Dione. 
No signal, even for the surface, is apparent. (A bore-
sighted Imaging Science Subsystem image obtained at 
the same time – VIMS was in ride along mode – is still 
proprietary, but a .jpg copy on the Cassini public website 
shows a cresent Dione, providing certainty that the satel-
lite was in the VIMS field).    
 

 
 
Figure 1. A VIMS image of Dione (2.01 µm) obtained 
at a solar phase angle of 167º. No plume or surface is 
visible in this image.  
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   An example of a preliminary integral solar phase curve  
constructed for an icy satellite (also Dione) is given in 
Figure 2. These results are based on automated process-
ing and require additional work to create a phase curve 
with photometric integrity. However, the data points at 
large solar phase angles have been rereduced by hand 
and do not include any spurious data.  
 

 
Figure 2.    A preliminary solar phase curve for Dione, 
showing observations for wavelengths from 0.9 to 3.6 
µm. This unnormalized data has been corrected for dis-
tance, but not for any rotational effects (which are large 
for Dione). The data at ~120º (and possibly at other solar 
phase angles) is spurious data that has not yet been re-
jected from the phase curve.  
 
An upper limit to activity on the satellites can be com-
puted by referencing the observations to the known 
quantity of activity on Enceladus, or 
 
                           ФE(α)/nE  =  ФS(α)/nS   

where Ф(α) is the disk-integrated brightness, normalized 
to the same scale for each satellite, and nE is the column 
density for H2O for Enceladus, which was found to be 
1.5 X 1016 cm-2 [9]. Our preliminary results indicate that 
none of the satellites other than Enceladus show any 
evidence for activity to at least two orders of magnitude. 
Additional even larger solar phase angles (> 170º) for 
Enceladus obtained during flybys in November 2009 
may enable an even more stringent limit to be placed on 
Dione.    
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