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Introduction: The ion-propelled Dawn spacecraft 

entered the asteroid belt on November 13 after gaining 
a gravity assist from Mars on February 19, 2009.  It 
will begin orbiting Vesta in August of 2011, after 
spending roughly three months approaching the proto-
planet, being captured, and achieving the desired sci-
ence orbit. Dawn will spend roughly one year orbiting 
Vesta and collecting data in three orbit subphases.  The 
Survey orbit is at 3000 km radius, the High Altitude 
Mapping Orbit (HAMO) is at 950 km radius, and the 
Low Altitude Mapping Orbit (LAMO) is at 460 km 
radius.  The spacecraft arrives at Vesta during austral 
summer and departs as the Sun is crossing the equator. 
HAMO is repeated during the departure phase to ob-
serve the newly illuminated terrain in Vesta’s northern 
hemisphere, a phase referred to as HAMO-2. Figure 1 
illustrates the orbit subphases and provides their char-
acteristics. All orbit adjustments will be accomplished 
via thrusting with the ion propulsion system. Follow-
ing departure from Vesta, Dawn will continue thrust-
ing outward in the Main Belt and rendezvous with 
Ceres in February of 2015, where it will carry out a 
nominal five month mission and then enter a quaran-
tine orbit. 

Vesta exhibits an ancient differentiated surface and 
appears to be the most geologically diverse of the large 
asteroids. Spectroscopic observations indicate a basal-
tic crust. A large impact crater near the south pole may 
have exposed the interior (mantle) of the asteroid. Dis-
tinctive light and dark areas have been observed with 
the Hubble Space Telescope which may represent dis-
tinct geologic units.  A goal of the Dawn mission is to 
develop a contextual framework for understanding 
Vesta as the parent body for the H-E-D suite of mete-
orites, which are thought to have been excavated by 
the large impact that created the south polar basin. 

Dawn carries three instruments and a radio science 
package. Dawn carries two redundant framing cameras 
(FC: 1024 x 1024 pixels, and 7 color filters plus clear); 
a visible and infrared mapping spectrometer (VIR: UV 
to 5 microns) and a Gamma Ray and Neutron Detector 
(GRaND). These were provided by Germany (MPS 
and DLR), Italy (INAF and ASI), and LANL. Topog-
raphy of the bodies will be determined from multi-
angle image data to 100 m spatial resolution at Vesta. 
Radiometric tracking is used to map the gravity field of 
the bodies. For Vesta, the gravity field will be deter-
mined to degree 10 (< 90 km half-wavelength resolu-
tion). The instrument fields-of-view and sensitivity 
regions are shown in Figure 2. 

Science Plan:  The observation plans for each orbit 
at Vesta are detailed below by orbit subphase. A nearly 
identical plan will be carried out at Ceres. The limiting 
flight system resource for science return is instrument 
and spacecraft memory and downlink bandwidth.  

 Survey. Dawn will spend roughly 16 days in Sur-
vey orbit, completing six orbits. The visible and infra-
red spectrometer (VIR) is the prime instrument in Sur-
vey orbit.  The angle between the orbit plane and the 
sun (beta angle) was chosen as 20 degrees to optimize 
low-incidence-angle lighting conditions for VIR while 
maintaining a safe operational margin against entering 
eclipse. VIR will be operated in a pushbroom mode in 
the equatorial latitudes, where the lighting results in 
the VIR slit being at a high angle to the spacecraft 
groundtrack (Dawn’s y-axis, which is aligned with the 
VIR slit, is controlled by the attitude control system to 
always keep the massive solar array pointed towards 
the Sun). The VIR scan mirror will be used to sweep 
across the groundtrack to obtain image cubes along the 
orbit in most of the northern hemisphere and in the 
higher southern latitudes, where the slot is more paral-
lel to the spacecraft groundtrack.  Complete coverage 
with VIR at 600 m resolution of the adequately illumi-
nated surface is expected. The FC will also collect mo-
saics and ride-along images, including limbs, which 
will fully cover the surface and provide a landmark 
control network for the image-derived topography. 

HAMO. The High Altitude Mapping Orbit is de-
signed to allow efficient mapping with the FC over the 
entire body in the clear and multiple filters with < 100 
m horizontal spatial resolution. HAMO comprises 60 
orbits in six sets of ten orbits each.  Each ten orbit cy-
cle completes one global mapping of the body. A beta 
angle of 30 degrees is an optimal choice which bal-
ances incidence angle and coverage. Coverage of the 
body of >90% is possible and probable. Two cycles are 
devoted to nadir imaging in clear and at least 5 filters. 
Three cycles are devoted to imaging at various off-
nadir viewing angles in the clear filter to assemble the 
data needed to derive the topographic model.  The re-
maining ten orbits will be used for to augment the off-
nadir coverage and obtain coverage of specific targets. 

VIR data will be collected as ride-along in HAMO, 
achieving a spatial resolution of about 175 m.  Fairly 
dense coverage of the southern hemisphere (south pole 
crater) is possible, but the lighting conditions are not 
adequate in the northern mid- to high-latitudes.  
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LAMO. The Low Altitude Mapping Orbit is pri-
marily for GRaND and gravity mapping.  GRaND will 
accumulate events over 70 days with a duty cycle of 
80% to allow confident identification of elemental 
abundances, enabling assessment of contributions of 
major HED end-members in the bulk Vesta composi-
tion and for smaller regions of the surface. Gravity 
data will be derived from the radiometric tracking ob-
tained using the High-Gain Antenna (HGA) while 
pointed at Earth, or using a Low-Gain Antenna to a 70-
m Deep Space Network station. Full gravity mapping 
coverage is obtained in about 40 days of tracking in 
LAMO. 

Operational margin is held to mitigate losing large 
portions of the plan if flight system problems are en-
countered.  Unused operational margin will be applied 
to lengthen the LAMO orbit to improve GRaND’s 
counting statistics and the gravity accuracy. 

In addition to GRaND and gravity, the FC will map 
the surface with nearly complete coverage at high reso-
lution (20-m IFOV) for geologic mapping, and to re-
fine the crater size distribution.  

HAMO-2. During the departure phase, the space-
craft will stop in an orbit very similar to the initial 
HAMO, but likely at a higher beta angle (45 degrees or 
more), to collect image data of the newly illuminated 
northern polar region. Distinct morphologic features 
related to the impact that created the south pole basin 
are expected in the north.  Additional off-nadir data 
will be collected to extend the topographic mapping to 
high northern latitudes, and improve the height accu-
racy (expected to be 10 m) by providing more data 
with optimal viewing to the data set. 

Preparing for the Vesta Encounter:  In addition 
to building the observation sequences and performing 
extended instrument calibrations, efforts are underway 
to improve knowledge of Vesta’s physical parameters 
to ensure that the designed trajectories will achieve the 
desired science orbits. Hubble observations of Vesta 
will be obtained in February 2010, covering unob-
served areas of the northern hemisphere with the newly 
installed WPC3. These data, when combined and proc-
essed with all previous observations, are expected to 
significantly reduce uncertainty in knowledge of 
Vesta’s rotation pole. 

Dawn Science Team:  In addition to the authors, 
the Dawn science team includes Co-Investigators U. 
Christensen, F. Capaccioni, M . T. Capria, A. Coradini, 
M. C. De Sanctis, W.C. Feldman, R. Jaumann, U. 
Keller, A.S. Konopliv, T. B. McCord, L. A. McFad-
den, H. Y. McSween, S. Mottola, G. Neukum, C. Piet-
ers, T. Prettyman, C. A. Raymond, H. Sierks, D. E. 
Smith, M. V. Sykes, and M. T. Zuber. Various collabo-
rators and associates who are collocated at Co-I institu-

tions will work with the Science Team.  Finally a par-
ticipating Scientist call is active and on the order of ten 
scientists will join the Dawn team in late 2010 and stay 
on for two years to work with the team at Vesta.  A 
similar PS call is planned for the Ceres encounter. 

 
 

 
 
Figure 1.  Dawn orbit subphases at Vesta. Orbit ra-

dius and  periods are indicated, along with Vesta’s 
radii and rotation period.  

 

 
 
Figure 2. Instrument fields-of-view (FC and VIR) 

and sensitivity region (GRaND) shown on Vesta’s 
shape model. Footprints at Survey, HAMO and LAMO 
are shown for FC and VIR, and the GRaND sensitivity 
region in LAMO. 

 
 

2155.pdf41st Lunar and Planetary Science Conference (2010)


