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Introduction:  Asteroid 1 Ceres is the largest as-

teroid in the Main Asteroid Belt, and a target of 
NASA’s Dawn mission [1].  However, its basic prop-
erties are not well understood.  In order to better char-
acterize the basic properties of Ceres, we obtained 
high-resolution images of Ceres covering a whole rota-
tion with the HST Advanced Camera for Surveys 
(ACS), using the High Resolution Channel (HRC).  
Images through three filters centered at ~220 nm, ~330 
nm, and ~555 nm were obtained at a pixel scale of 30 
km.  From these images, we constrained the shape of 
Ceres, its density, and constructed surface albedo maps 
at the three wavelengths. 

Overall, Ceres has a differentiated interior, may 
contain about 25% water inside; it has a muted albedo 
variation with some albedo patterns and slight color 
variations; and there is probably a strong UV absorp-
tion band centered at about 280 nm. 

Shape and Density:  The shape model of Ceres is 
obtained by fitting the limb profiles of Ceres in all im-
ages.  Ceres displays an oblate shape with a = 
487.3±1.8 km, and b = 454.7±1.6 km [2].  From HST 
images, there is no morphological relief higher than 10 
km observed.  Therefore Ceres is a globally relaxed 
object with its shape determined by hydrostatic equi-
librium. 

From the shape measured above and the mass of 
Ceres, the density of Ceres is measured to be 
(2.08±0.04)×103 km m-3.  The oblateness of Ceres is 
less than the expected value for a homogeneous body 
with its density.  Therefore, Ceres must have a differ-
entiated interior, with more mass concentrated towards 
the center to form a core, and a less dense mantle (Fig. 
1). 

 
A simple interior model of Ceres with a rocky core 

at the typical density of primitive carbonaceous mate-
rials 2.7×103 km m-3 suggests that there is probably a 
water ice mantle that accounts for ~25% mass of the 
body.  Since it is not likely that this large fraction of 
interior water ice in Ceres is in the form of hydrated 
minerals, Ceres has the potential to harbor sub-surface 
ocean. 

Albedo and Color Mapping:  With the HST/ACS 
images covering the whole rotation, we have measured 
the photometric properties of Ceres, and constructed 

the first albedo maps of Ceres (Fig. 2), as well as color 
ratio maps. 

The modeled geometric albedo of Ceres is 
0.087±0.003 in V-band [3].  This is much higher than 
the typical albedo of carbonaceous chondrites, which 
have generally been considered as compositional ana-
logs for Ceres.  The albedo variations on Ceres are 
about ±6% peak-to-peak at the resolution of our im-
ages, similar in three wavelengths.  This is much lower 
than the albedo variations found on other asteroids, 
Martian satellites, and icy satellites, at various resolu-
tions.  

Many surface albedo features are identified.  How-
ever, without understanding the overall composition of 
Ceres from spectroscopy, it is not possible to interpret 
these features in terms of their mineralogical composi-
tions. 

UV Absorption:  Combining the previous observa-
tions of Ceres with HST/FOC, IUE, and our HST/ACS 
observations, the spectrum of Ceres in the ultraviolet 
(UV) shows a possible strong absorption band (Fig. 3). 

Fig. 1. The interior model of Ceres.  The symbol and error 
bars is the a-c value measured for Ceres, and the various 
lines are homogeneous model and models with different 
core density, for a globally relaxed body with no interior 
porosity.  The measurement is best consistent with a differ-
entiated model with core density of 2700 km m-3.  (Repro-
duced from [2]). 
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The absorption band is centered at around 280 nm, 
with an albedo of about 0.02 near the center.  Com-
pared to about 0.08 outside the band, the absorption at 
the band center is strong.  The width of the band is 
about 120 nm FWHM, if the short-wavelength side of 
the band is correct. 

We have compared this absorption with the UV 
spectra of many icy satellites including Europa, Io, and 
with laboratory measurements of the UV spectra of 
meteorites, volatiles, and minerals, and found no 
match. 

Discussion:  Together with the results from spec-
troscopy in the visible to near-infrared [e.g., 4,5,6], the 
results from our HST observations suggest that water 
may have played an important role in the evolution of 
Ceres in the past.  The recent thermal dynamical evolu-
tion models of Ceres [7,8] suggest the existence of 
liquid water beneath the surface in the past, and even 
today.  The muted albedo and color variations might be 
related to global resurfacing event.  The possible large 
amount of water in Ceres, which is located near the 
canonical distance in the solar system where water ice 
is marginally stable on the surface, is of much astrobi-
ological interest. 
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Fig. 3.  UV spectrum of Ceres, from the 24-color survey 
[9], IUE spectrum [10], HST Faint Object Camera (FOC) 
[11], and our HST observations.  The data point at about 
150 nm and an albedo of 0.15 is from HST ACS Solar 
Blind Channel [12], and is very uncertain.  Ceres proba-
bly has a strong and wide absorption band centered at 280 
nm. 

Fig. 2.  Surface albedo maps of Ceres in ~555 nm (upper 
panel), ~330 nm (middle), and ~220 nm (lower).  The color 
scale is relative to the global average in each wavelength, in 
percentage.  Overall the albedo variations are low, but some 
albedo features can be unambiguously identified.  (Repro-
duced from [3]) 
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Fig. 5. The composite albedo deviation maps of Ceres through F555W (upper panel), F330W (middle panel), and F220W (lower panel) filters. The color bar
represents the percentage deviation from their corresponding average values at three wavelengths (see Section 5.4 for more discussions). Readers can convert the
deviation maps presented here to either SSA maps or normal reflectance maps by multiplying them by the corresponding averages over the disk (see Table 2 for
modeled SSA or normal reflectance). Circles with numbers in the upper panel mark the features we identified. From #1 to #6 are bright features, and from #7 to #11
are dark features (see Section 5.5 and Table 4).

length is unimodal like a Gaussian, it does not necessarily mean
that the features are totally random noise, especially the spatial
distribution of albedo features do not appear to be random at
all. The absolute photometric calibration error has the same ef-
fect for all pixels, thus does not affect the relative brightness of
features. The photometric modeling is free of systematic devi-
ations associated with incidence or emission angle, therefore is
not likely to introduce artifacts.

Next, for each filter, we linked the images before being pro-
jected into longitude–latitude coordinates, while they are still
disks, in the order of the time of observations, generating an
animation showing the rotation of Ceres’ disk. Then we linked

the corresponding projected SSA maps in longitude–latitude
plane into another animation, showing how the projection of the
imaged hemisphere in each image moves in the fixed longitude–
latitude coordinate when sub-Earth point moves around Ceres.
Comparing these animations, we found that, while in the first
animation, features like bright spots or dark spots move across
the disk when Ceres rotates, the corresponding features in the
second animation just sit still in their own longitude–latitude
positions, with almost the same brightness level from frame to
frame. This gives us confidence of two aspects: first, we see
features in the raw HST images that are moving across the disk
as Ceres rotates; and second, those features in all images are
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