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ABSTRACT

In 2022, the DART spacecraft will collide with Dimorphos, the moon of Didymos, thereby initiating humanity’s first test of asteroid deflection by kinetic impact. One of DART’s level-1 requirements is to obtain a measure of the momentum enhancement factor, beta, using the best available estimate of the mass of Dimorphos. DART will not directly measure Dimorphos’ mass. Instead, the mass will be estimated by assuming a Dimorphos density and determining the volume of Dimorphos from shape modeling using stereophotoclinometry (SPC). DART is a stressing case for this technique because images from DART alone will possess minimal stereo and no meaningful variation in lighting conditions. A complementary stereo-based shape modeling effort is also being undertaken.  
We are performing tests to determine how accurately we will be able to determine the volume of Dimorphos using images from DART alone. Tests to date indicate a volume uncertainty of 22 – 33% from such images. We are currently assessing the extent to which images from LICIACube will improve the accuracy of the shape model by providing significantly a different viewing angle (and therefore more stereo), as well as potential views of other limbs not seen by DRACO. We are also investigating how the shape of Dimorphos (e.g., Itokawa-like vs. Bennu-like) affects the expected volume uncertainty. 
Another of DART’s level-1 requirements is to constrain the location and surface characteristics of the impact site. In the course of building the shape model, we co-register images of progressively finer pixel scales, a process that enables impact site identification. Tests to date demonstrate that we will be able to identify the impact site to within several centimeters, resulting in negligible errors compared to the ~1.8 m corner-to-corner scale of the spacecraft core structure. We will know whether DART hits a smooth area or a boulder. However, tests to date that build a shape model using images from DART alone suggest errors of 15 – 20° in the normal vector to the shape model at the impact site. These errors are driven by the less-than-ideal SPC imaging conditions, which lead to uncertainties in the absolute position of the body in 3D space. These errors reduce our accuracy in determining the direction of the momentum vector relative to surface normal. We are now assessing the extent to which images from LICIACube will improve knowledge of the normal vector to the impact site.
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