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1. Abstract
Physical librations could significantly contribute to
Enceladus’ geophysics through their influence on tidal
stress [1]. Therefore it is important to determine the
behavior of Enceladus’ libration. Here we focus on the
libration in longitude corresponding to the oscillations
of the body’s orientation along its equatorial plane. By
considering a model of interior of Enceladus with no
deep ocean, we introduce the main perturbative terms
of its orbital longitude and include non-rigid coupling
[2]. The main librations of Enceladus with amplitudes
of 933.4” (1.14 km) and 676.6” (827 m) are related
to indirect perturbations of the orbit of Enceladus by
Dione with periods of 11 years and 3.7 years, respec-
tively. These librational amplitudes are almost inde-
pendent of the body’s triaxiality. The third main li-
bration is due to the direct gravitational attraction of
Saturn and its period of 1.37 days is equal to that of
the mean anomaly of Enceladus. This libration has
an amplitude between 93.1” and 113.5” (i.e., 112 and
139 m), depending on triaxiality and thus on internal
structure. These amplitudes are consistent with the
upper bound of 1.5◦ (6.6 km) inferred from observa-
tions with the Cassini-Huygens spacecraft by [3]. The
non-rigid body libration amplitudes due to tidal cou-
pling are negligible. Nevertheless, tidal dissipation in-
duces a small phase shift up to 0.57◦ corresponding to
a displacement of Enceladus’ figure of up to one meter
along the moon’s equator at the mean anomaly period.

2. Orbit and Interior models
The orbital motion of Enceladus comes from the JPL
ephemeris Horizons [4]. From this ephemeris, we
computed the true longitude and its quasi-periodic de-
velopment.

The librational amplitudes depend on the distribu-
tion of mass inside the body through its triaxiality σ,
which is equal to (B−A)/C, where (A < B < C) are
the moments of inertia. We construct two-layer mod-
els of Enceladus (no global ocean) varying the core
radius and density of the icy shell and computed the

triaxiality using Clairaut’s equation extended for spin-
orbit synchronous resonance [5].

3. Librational response
We introduce the orbital motion model in the approx-
imated equation of rotation for a body in spin-orbit
synchronous resonance. The amplitude of the libration
angle depends on the magnitude of the external torque
but also on the proximity of the forcing frequency to
the proper frequency ω0 = n

√
(3σ) (also called free

libration frequency) resulting from the spin-orbit res-
onance. For Enceladus, the free period is about 6-7
days, i.e. different from the orbital period (1.37 days).

The resulting librations are presented in Table 1.
The main libration corresponds to the orbital libration
argument of Dione-Enceladus ω2, then the proper peri-
center of Dione φ4 and finally the mean anomaly `.
The amplitude of the short period term is strongly re-
duced with respect to the magnitude of the orbital per-
turbations. On the other hand, libration amplitudes of
long-period terms are nearly the same as orbital am-
plitudes. As a result only the short period term can
provide constraints on the interior. However, the long
period oscillations need to be taken into account in the
reduction process to avoid misleading results.

Arg. Period 2π/ω Amplitude Phase α
days " deg

` 1.37 -103.73 27.83
ω2 4035.64 933.44 -83.26
φ4 1418.93 676.56 128.68

Table 1: Main physical librations of Enceladus for a
non-dissipative case for σ = 0.0168.

4. Dissipation effects
We estimate the impact of tides on the libration and
orientation of Enceladus. The viscoelastic behavior
of Enceladus is characterized by using the Andrade
model [6]. The change in the nonrigid body libration
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amplitudes due to tidal coupling are negligible. Nev-
ertheless, tidal dissipation induces a small phase shift
up to 0.57◦ corresponding to a displacement of Ence-
ladus’ figure of a few meters, 1.3 meters, along the
moon’s equator at the mean anomaly period.

5. Conclusion
The librational motion of Enceladus is characterized
by three main librations at 11 years, 3.7 years and 1.37
days. The amplitude of the 1.37 days libration for two-
layer solid models ranges between 112 and 139 meters
depending essentially on the core radius for plausible
interior scenarios. Such libration amplitudes can be
determined by measuring the influence of the gravity
field on the dynamics of a low attitude orbiter of Ence-
ladus as suggested for Europa by [7]. We note also
that the presence of a global ocean as a third layer,
still controversial, could decouple the icy shell from
the interior freeing the shell for possible larger libra-
tion amplitude [8], [9]. We will quantify this situa-
tion and compare it against the models without a liquid
layer presented in Table 1 in order to evaluate whether
or not the presence of a deep ocean could be inferred
from libration measurements.

The librational displacement of the surface may be
inferred from gravity measurements, tracking of sur-
face landmarks, and/or altimeter measurements. How-
ever such a determination requires several close flybys
for different positions of Enceladus along its orbit, as
may be achievable with a dedicated orbiter [10]. In
the meantime, we hope that upcoming flybys by the
Cassini orbiter will help to better constrain the orien-
tation of Enceladus’ figure axis.

Acknowledgements
Part of the research described in this abstract was car-
ried out at the Jet Propulsion Laboratory of the Cal-
ifornia Institute of Technology, under a contract with
the National Aeronautics and Space Administration.
Government sponsorship acknowledged.

References
[1] Hurford, T. A., Bills, B. G., Helfenstein, P., Greenberg,

R., Hoppa, G. V., & Hamilton, D. P., 2009, Icarus in
press.

[2] Rambaux, N., Castillo-Rogez, J. C., Williams, J. G., &
Karatekin, Ö. 2010, GRL, 37, 4202

[3] Porco, et al. 2006„ Science 311, 1393

[4] Giorgini, et. al, 1996, BASS 28, No. 3, 1158.

[5] Hubbard, W. B., & Anderson, J. D. 1978, Icarus 33,
336,

[6] Castillo-Rogez, J. C., Efroimsky, M., Lainey, V., The
tidal history of Iapetus. Dissipative spin dynamics in the
light of a refined geophysical model, Submitted to JGR.

[7] Wu, X., Bar-Sever, Y., Folkner, W., Williams, J.G., and
Zumberge, J., 2001, GRL 28, No. 11, 2245-2248,

[8] Van Hoolst, T., Rambaux, N., Karatekin, Ö., Dehant, V.,
& Rivoldini, A. 2008, Icarus 195, 386

[9] Van Hoolst, T., Rambaux, N., Karatekin, Ö., & Baland,
R.-M. 2009, Icarus 200, 256.

[10] Russell, R.P., and Strange, N.J., 2009, Journal of Guid-
ance, Control, and Dynamics 32, No. 1, 143.


