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ABSTRACT

Asteroid regolith grain size is diagnostic of several poorly understood geophysical processes and has direct planetary defense applications. For example, it is well known that a rubble pile size barrier exists around asteroid diameters of 200-300m [1]. Small bodies with diameters below this size can rotate quickly with periods less than 2.2 hours, however, large objects generally do not rotate that quickly. This rotation rate barrier is attributed to a transition from large, gravity dominated objects to small, strength dominated ones [2]. Yet, it is unclear how this transition affects surface properties. Thermal (e.g. [3]) and in-situ (e.g. [4]) data suggest that object diameter influences surface grain size -- large bodies have fine surface grains and small bodies have coarse grains. However, rotation rate [5] and size-independent processes like thermal fracturing [6] and tidal interactions with planets [7] may be equally important in affecting surface properties. 

For planetary defense risk assessment, quantifying the nature of the regolith and near-subsurface material of potential impactors can inform early predictions of the momentum transfer from a kinetic impactor [8].

We will present an overview of Hapke radiative transfer and thermal modeling tools that we have adopted to constrain near-Earth asteroid surface regolith grain sizes. These can be used for hazard assessment of close-approaching near-Earth asteroids and for better understanding the surface characteristics of objects above and below the size barrier. In this work, we focus on the application of these tools with respect to characterizing surface properties of near-Earth asteroid 2021 PDC. Specifically, we will apply our modeling and data analysis tools to synthetic observations of 2021 PDC from the 4.3-m Lowell Discovery Telescope and NASA’s Infrared Telescope Facility.
 
We have adopted a probabilistic implementation of Hapke radiative transfer modeling [9] on unresolved asteroids to constrain surface regolith grain size. By collecting high signal-to-noise (S/N > 50) photometry of objects going through opposition, we can fit the data with our Hapke photometric model to constrain regolith grain size.
 
Using multi-epoch thermal measurements that are collected at opposition and across a wide range of solar phase angles, we can estimate thermal inertia and, from it, the surface grain size following methods by [10] and [11]. A reasonable estimate for the rotation period is needed for this approach, but shape and spin properties are treated as unknown free-parameters when fitting to the observations. Detailed knowledge of the lightcurve period and amplitude can be used to constrain the range of these free parameters. 

We will compare the thermal-derived grain size estimates to those constrained by our implementation of the Hapke photometric model to better understand the surface properties of the body across multiple wavelengths. For example, a bare-rock thermal inertia value and coarse Hapke grain size may suggest an intact monolith, as opposed to a rubble pile comprised of various-sized boulders and fine surface grains.
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