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 NEO Characterization Results
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NEO population estimates
R.-L. Ballouz(1), R.T. Daly(2), O.S. Barnouin(2), K.J. Walsh(3), and P. Michel(4)
(1)Lunar and Planetary Laboratory, University of Arizona, Tucson, AZ, USA
(2)The Johns Hopkins University Applied Physics Laboratory, Laurel, MD, USA 
(3)Southwest Research Institute, Boulder, CO, USA
(4)Université Côte d’Azur, Observatoire de la Côte d’Azur, CNRS, Nice, France 
Keywords: Asteroids, Impact Strength, NEO, Craters, Population Estimates
ABSTRACT

A key feature of the near-Earth Object (NEO) size frequency distribution (SFD) is the substantial slope change that takes place for asteroids with diameters between 100–200 m ([1], blue circles in Fig. 1a). These asteroids contain the bulk of potentially hazardous asteroids (PHAs) yet to be discovered. Understanding the physical cause that might lead to the inflection point in the NEO SFD is necessary for a) obtaining an assessment of NEO survey completeness, and b) developing efficient mitigation strategies against the least discovered and most populous PHAs. One hypothesis that [1] offered for the origin of inflection point is that it corresponds to the transition from weak rubble pile asteroids at larger sizes to stronger monolithic bodies at small sizes. Here, we explore the validity of this hypothesis in the context of recent observations from the OSIRIS-REx and Hayabusa2 missions of the carbonaceous asteroids (101955) Bennu and (162173) Ryugu, respectively. 
We recently reported on observations and measurements of impact craters on the boulders of Bennu[2]. Using these measurements, we constructed cratering and catastrophic-disruption scaling relationships for impacts into C-type solid objects. Assuming that the main reservoir for the short-lived NEO population is the main asteroid belt ([3], black dots in Fig. 1a), then the NEO SFD should represent a collisionally evolved population[3]. We show that waves in the NEO SFD can be generated by a transition between the strength-dominated and gravity-dominated regimes of catastrophic disruption[4]. We postulate that this transition occurs at ~ 160 m, as this is the diameter of the largest monolithic C-type object yet observed – the boulder Otohime on Ryugu[5]. Within this framework, the amplitude of the inflection point in the NEO SFD, Δ log N(Dt), may be estimated. We find that the range of material values measured for Bennu’s boulders (blue area in Fig. 1b) encapsulate the modeled cumulative number of NEOs >= 140 m by [1]. This suggests a transition to monolithic objects at this size range, and that the strength properties of Bennu’s boulders may provide a good approximation for the collisional properties of the monolithic NEO population. Additional lab and computational impact experiments onto solid objects by the community would allow for further insights into NEO population estimates and their strength against disruption.   
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Figure 1. a, The NEO cumulative SFD (blue data) and the Main belt SFD (black data both exhibit waviness. b, The strength properties of monolithic asteroids control the depth of the inflection point. The estimated cumulative number of D >= 140 m NEOs for different values of the strain-dependent and coupling parameters ɸ and μs, used in impact scaling laws. PHA population estimate from [1] (red line), ~26,000, is within the range predicted from strength properties of boulders on Bennu (blue area,[2]).
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