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ABSTRACT

Rapid response planetary radar systems are a fundamental asset for post-discovery physical and orbital characterization of near-Earth objects.  In the case of near-Earth asteroid 2019 OK, there were only 41 hours from optical discovery to radar characterization by the planetary radar project at Arecibo Observatory. Radar observations were done within hours of asteroid discovery, given a sufficiently accurate ephemeris and telescope access. Arecibo’s capability to respond on a rapid timescale to observe new near-Earth objects has been lost, since the Arecibo planetary radar system is no longer functional.

We observed 2019 OK on 2019 July 25 with the S-band planetary radar system (2380 MHz, 12.6 cm) when it was 3.5 lunar distances (0.0091 au) from Earth. This close proximity allowed only a few seconds of data to be acquired per transmit-receive cycle (scan).  The data reported here was acquired using standard radar techniques, starting with a continuous wave (CW) experiment, where we transmitted a monochromatic, unmodulated circularly polarized wave and received the echoes in both the opposite-sense circular (OC) and same-sense circular (SC) polarizations as transmitted, followed by delay-Doppler mapping. From CW data we can measure various radar properties, such as the circular polarization ratio (μC) and the bandwidth, which are related to physical properties. We measured a circular polarization ratio of 0.33 + 0.03 for 2019 OK, indicating it is unlikely to be a V- or E-type asteroid, but may be a C-class or S-class asteroid.

The absolute magnitude H, reported by the Minor Planet Center (MPC) of 23.3 ± 0.3 mag, implies an optical albedo of 0.02 to 0.1, for a body 100 - 250 m in diameter. The bandwidth of 39.2 + 0.8 Hz yields an apparent rotation period of  at least 4.2 minutes and no more than 10 minutes, for the same diameters.

We calculated the Drucker-Prager cohesion criterion for two cases, a sphere and an ellipsoid (with axis ratios of 1.4:1:0.97), with three different densities (1, 2, and 3 g/cm3) for the minimum and maximum rotation period at the lower and upper diameter limits.  We find that an internal strength of at least 1300 Pa is needed for 2019 OK to avoid catastrophic disruption. The necessary cohesion for 2019 OK is much larger than that calculated for some near-Earth objects.

At the time of observations, the radar astrometry reduced Doppler and delay uncertainties by 99.93% compared to the initial optical-only ephemeris. Depending on the orbital trajectory and object size, these measurements are so accurate they can take objects off the potential impactors lists, such as in the recent case of 2020 NK1. Without radar astrometry we would have not been able to accurately forecast its orbit. Radar range-doppler and delay-Doppler measurements increased the encounter predictability window for 2019 OK from only 1 to 395 years, which allows us to know its orbit precisely for another century. The next Earth encounter was determined to be in 2093 at 0.052 au.
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