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Abstract
Framing cameras on board the Dawn spacecraft have
acquired images of dwarf planet Ceres at near-zero
phase angles to study its opposition effect. The opposition geometry was reached through an ingenious
scheme of orbital navigation. Images were successfully acquired by both the primary and backup camera in different color bands, reaching near zero phase
angle on parts of the surface. Coverage includes the
well-known bright area in Occator crater known as Cerealia Facula. Analysis of this rich data set and comparisons with results from laboratory experiments will
provide insight into the regolith properties of Ceres
and its enigmatic bright terrains.

far been observed by ground-based telescopes (unresolved) was 1.1◦ [9]. The Dawn cameras have now
resolved its surface at phase angles smaller than that.

1. Introduction
The reflectance of planetary regoliths is known to increase dramatically towards zero solar phase angle, a
phenomenon known as the “opposition effect”. The
strength of the opposition effect is governed by two
mechanisms, shadow hiding and coherent backscatter,
which are related to regolith properties like particle
size and morphology, composition, packing density,
and surface roughness. The first instance of the opposition effect on a minor body was reported for asteroid
Massalia [1]. Resolved images of minor body surfaces
at near-zero phase angles are rarely acquired by spacecraft because of the resources required and the risks of
spacecraft eclipse on the other side of the body. Often, such images are acquired on approach during a
flyby, as for asteroids Steins [2, 3] and Lutetia [4, 5, 6]
by Rosetta. Sometimes, the small mass of the body
allows the spacecraft to slowly move into the opposition geometry, as for asteroid Itokawa by Hayabusa [7]
and comet 67P/Churyumov-Gerasimenko by Rosetta
[8]. The lowest phase angle at which Ceres had thus

Figure 1: Dawn orbital maneuvers to achieve the opposition geometry (plus sign), with Ceres in the center.
Dawn was thrusting in the parts of the orbit drawn in
bold.

2. Orbital maneuvers
In a remarkable feat of orbital navigation, Dawn was
carefully nudged into the opposition geometry. First,
Dawn moved into an elliptical polar orbit, thrusting
with its ion engine only in selected parts of the orbit.
Then, another thrusting session changed the spacecraft
beta angle (the angle between the vector to the Sun and
the orbital plane) by almost 90◦ , achieving the opposition geometry (Fig. 1). A risky eclipse of the spacecraft behind Ceres was avoided by the natural drift of
the beta angle due to Ceres’ motion in its orbit around
the Sun.
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