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Abstract 
The surface control point network 3-D reconstruction 
shows that Mimas is experiencing longitudinal forced 
librations. We confirm the theoretical results of 
libration amplitudes and phases given by [3] except 
for the only amplitude that depends on the satellite’s 
internal structure. Thus we obtain  (B-A)/C = 0.088 ± 
0.001, showing that Mimas is far from being in a 
state of hydrostatic equilibrium. 

1. Introduction 
The origin and the formation of the Saturnian 
satellites are still debated. Even though they were 
believed to be formed in Saturn’s sub-nebulae [2], a 
new model [1] shows that Saturn’s mid-sized moons 
could have been formed near the Roche limit from an 
accretion of material in past dense rings. 

Mimas is in synchronous spin-orbit resonance, 
however it is experiencing librations due to its 
eccentric orbit. In this work we have measured the 
forced longitudinal librations of Mimas, putting a 
strong constraint on its internal structure and origin. 

2. Rotation of Mimas 
The librations in longitude for a satellite in a 
synchronous orbit can be written as: 
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is the system’s proper frequency that depends on the 
body’s moments of inertia A, B and C. n, ωi and αi 
are respectively the body’s mean motion, the 
libration’s frequencies and phases to J2000. Hi 
depends on the body’s orbital dynamics. It is 
noteworthy that the libration amplitude is a function 
of the ratio (ωi/ω0). Thus, it depends on the 
satellite’s interior state. Table 1 shows (for Mimas) 
the librations parameters given by [3]. It can be 
noticed that all the ratios (ωi/ω0)2 are negligible 
compared to the signal with a period of 0.944 days. 
Thus, the amplitude of this latter is the only one that 
depends on the body’s (B-A)/C and therefore, on its 
internal structure. Its libration amplitude (from 20 to 
30 arcminutes, depending on the core and shell 
densities) has been computed assuming Mimas in 
hydrostatic equilibrium.   

Table 1: Theoretical Periods, Amplitudes and phases of Mimas’ 
forced librations [3]. 

Period (d) Amplitude  Phase (°) (ωi/ω0)2 

25772.62 43.61° 51.35 7x10-9 

8590.87 43.26 arcmin -25.91 6x10-8 

0.944 26.075 arcmin 101.35 5.52 

225.04 7.82 arcmin -157.74 9x10-5 

227.02 3.65 arcmin -119.03 9x10-5 

227.02 3.65 arcmin -16.31 9x10-5 
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3. Measurements 
We built a control point network of Mimas using the 
method of photogrammetry. Each control point is 
projected on an image using co-linearity equations 
[4]. They convert in a first part (X,Y,Z) coordinates 
of a surface tie point in the body fixed frame to J2000 
frame, which contains the rotation model of Mimas. 
The coordinates are then converted from the J2000 
frame to Cassini’s NAC frame, using the SPICE C-
kernels, which contain the pointing vector and twist 
angle errors. It was proven [5] that the NAC’s twist 
angle uncertainty is in the order of 5×10-3 degrees, 
the pointing vector has been corrected using the 
satellite’s centre of figure measurement by the limb 
fitting. Figure 1 shows the longitudes and latitudes of 
the control points projected on a sinusoidal map. The 
points’ sizes represent the number of times they have 
been observed. 

Figure 1: The control points positions in longitude and latitude on 
the surface of Mimas, represented in a sinusoidal projection map. 

 

The total post-fit χ2 residuals produced by the least 
squares depends on the rotation model used in this 
study. Thus, a closer rotation model to reality results 
in a lower value of χ2. We varied the amplitudes and 
phases of all the libration signals given in Table 1, 
until the total χ2 is minimized. We then fit all the 
libration amplitudes and the first three phases (the 
rest of the phases could not be fitted because of their 
close periods and low amplitudes). The results of the 
fit are shown in Table 2. All of the measured values 
are in agreement (within the uncertainties) to the 
theoretical ones, except the amplitude corresponding 
to the period of 0.944 day, with a magnitude of 
48.3±1.3 arcmin. Therefore, the moments of inertia 
fraction would be (B-A)/C = 0.088 ± 0.001, which is 
significantly higher than the predicted value for 
Mimas in hydrostatic equilibrium (0.04-0.06 [3]). 

Table 2: Observed values of periodes and phases of longitudinal 
librations of Mimas. 

Period (d) Amplitude  Phase (°) 

25772.62 43.78 ± 0.07 ° 52 ± 2.2 

8590.87 42.1 ± 1.8 arcmin -17 ± 12.5 

0.944 48.3 ± 1.3 arcmin 100.3 ± 0.9 

225.04 8.4 ± 1.1 arcmin - 

227.02 3.7 ± 1.2 arcmin - 

227.02 2.7 ± 1.2 arcmin - 

 

4. Discussion and conclusion 
Using Mimas’ control point network we measured 
strong longitudinal forced libration amplitude, 
showing that Mimas is far from being in hydrostatic 
equilibrium. We suggest three possible interior states 
of Mimas that could explain such strong libration 
amplitude. 1) An elongated core in the a-axis; 2) An 
internal ocean; 3) A mass anomaly caused by 
Herschel crater. A first analysis shows that the first 
option is the most probable. Further analysis shows 
that Mimas’ elongated core could correspond to its 
shape near the Saturn’s Roche limit. Which could be 
a confirmation that Mimas has been formed near the 
Roche limit [1].  
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