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(2063) Bacchus®  Apollo Q 0.33 0.21 1.11 x 0.53 x 0.50 [37]
(2100) Ra-Shalom Aten C 0.36 0.25 2.8x24x1.8 [38]
(4179) Toutatis® Apollo S 0.24 0.29 4.5x24x1.9 [39]
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Ground-based Radar Detection of Near-Earth Asteroids

ZHANG Xiang®?, JI Jiang-huil?

(1. Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China; 2. University
of Chinese Academy of Sciences, Beijing 100049, China; 3. Key Laboratory of Planetary Sciences,
Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Ground-based radar detection may act as a powerful means to determine the
shape and physical properties of the asteroids in our Solar system. By measuring time delay
and doppler frequency of the received echoes, radar systems provide information in ranging
and radial velocity of the asteroids. Over the past few decades, more than 500 asteroids
(mostly near-Earth objects) were detected using radar observations.

There are two categories of radar detection: (1) The continuous wave detection, which
is adopted to determine the roughness of an asteroid’s surface. (2) The delay-Doppler de-
tection, which is likely to produce its three-dimensional model, and to define the rotational
state. In the delay-Doppler detection, target asteroids are resolved in line-of-sight distance
and line-of-sight velocity, providing two-dimensional images with spatial resolution as fine
as meter-scale.

Besides radar detection, several other techniques would also provide the shape model
of the asteroids, among which the lightcurve inverse method is the most popular one to
do that. In comparison with other methods, radar observation may have an advantage on
spacial resolution. The lightcurves cannot reveal elaborate information on small features,
and the intermediate-scale features of the inversed model are only suggestive. By contrast,
radar detection produces resolved images.

In this review, we present the radar observation technique and the method for recon-
structing three-dimensional models of asteroids from radar measurements. In addition, we
also provide several examples of asteroid models by radar detection, and then compare them

with other observations for the shape reconstruction for the asteroids.

Key words: asteroids; ground-based radar detection; delay-Doppler image; shape model
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