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ABSTRACT
Spacecraft proximity operations around small bodies depend critically on mapping of their gravitational field, for orbiting, landing, surface operations, etc. In addition, it is essential for accurately simulating dynamical phenomena, like impact events, surface material ejection, etc. While the most accurate method of mapping a gravity field is to orbit the body with a spacecraft to measure the acceleration, this method requires a spacecraft to be present in the first place, which is costly and time consuming. Alternatively, ground-based radar observations are used for physical characterization of small bodies, which combined with analytical methods, makes it possible to obtain the gravity field of an asteroid. Common methods in the literature include the polyhedron approach (Werner 1994), which represents the body as a collection of geometric shapes on the surface, and the mascons method, which consists of representing the shape of the body with various uniformly distributed mass concentrations (Geissler et al, 1995). Both methods could be computationally expensive. Venditti and Rocco (2013, 2018) developed a hybrid method using radar data from Arecibo Observatory and Goldstone to define vertices of triangle facets on the surface to obtain layers of mass concentrations. Each triangle facet has some depth within the body that can be divided into smaller mascons allowing for internal variations in mass. Potential fields are then calculated by summing the gravitational influence from each mascon on a given point in space. Higher resolution can be achieved by using more mascons, but a much smaller number of mascons are necessary compared with traditional methods. Importantly, this new method allows us to construct gravity fields for 3D shape models of small bodies and include it in N-body integrators without the need for gravitational bodies to be constructed as collection of particles. Here we translate the Venditti and Rocco (2013, 2018) gravity field modeling method into a Python module to be included in the N-body integrator Rebound. It is implemented as part of the Rebound Ejecta Dynamics (RED) package (Larson et al. 2020, Larson and Sarid 2021) and benchmarked using the Didymos binary asteroid system, which is the target of the Double Asteroid Redirection Test (DART) mission. It is a particularly useful benchmark since the system’s gravity field will be mapped by observing the DART impact debris in the system. The flexibility of Python allows for functions from RED to be integrated into simulations written in languages other than Python; this versatility makes this shape modeling method more accessible for a wide variety of dynamical simulations, including (but not limited to) modeling ejecta dynamics about a small body. In this presentation we will show more details from our code implementation and simulations in support of the DART mission.
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