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Potentially hazardous asteroids (PHAS) are near-Earth
objects (NEOSs) that are larger than 140 meters and that
can come closer to Earth than 0.05 au (~20 Lunar
Distances). Radar can help to discover or confirm
asteroid satellites, and delay-Doppler images provide a
unique way to characterize multiple asteroid systems,
allowing us to extract information about the physical and
dynamical properties of the system. The population of
binary and triple near-Earth asteroids (NEAs) observed
with the Arecibo’s S-band planetary radar system (2.38
GHz, 12.6 cm) includes 58 objects, which represent
approximately 7% of a total of 867 NEAs observed.
Among these NEAs, 345 are classified as PHAs, 42 of
them are binary/triple systems, which is about 12% of
the PHAs observed at Arecibo. Table 1 shows the total
numbers of binary, including equal mass binaries, and
triple NEAs.

Table 1: Binary and triple NEAs observed with the
Arecibo's planetary radar system.

Binary/Triple 58
Binary 54
Triple 4

Equal mass binary 4
PHA 42

The binary and triple population observed at Arecibo

The binary PHA observed with Arecibo’s radar with
the lowest minimum orbit intersection distance (MOID),
which is minimum separation between the osculating
ellipses, was 2020 BX12 [1], observed on February 4th
and 5th, 2020, with a MOID of 0.0024 au (see
Zambrano-Marin et al. abstract); followed by 164121
(2003 YT1) [2] and 143649 (2003 QQA47) [3], with a
MOID of 0.0026 au and 0.0038 au, respectively. Three

out of four triple near-Earth asteroid systems observed
at Arecibo are classified as PHAs: 3122 Florence,
136617 (1994CC) [4], and 348400 (2005JF21). In
addition, also three out of four equal mass binary
systems observed at Arecibo are PHAs: 69230 Hermes
[5], 1994CJ1 [6], and 2017 YE5 [7]. The NEA system
with the lowest upcoming close approach to Earth is
164121 (2003 YT1), passing at a distance of 0.01133 au
(4.4 Lunar Distances) on April 29th 2073. The system
with the next known approach within 0.05 au is 488453
(1994 XD), which will fly by Earth at a distance of 0.02
au (~8 Lunar Distances) on June 12th 2023.

Figure one shows the rotation period and absolute
magnitude for the multiple NEA systems observed at
Arecibo, with the PHAs marked in red.
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Figure 1: Rotation period and H for binary/triple NEAs
observed at Arecibo.

Table 2 shows the dynamical properties for all binary
and triple PHAs observed at Arecibo. Highlighted in
magenta are the objects with the highest delay-Doppler
resolution data, which are more suitable for 3D shape
reconstruction. Marked in red are the triple PHAS, and in
yellow are the equal mass binaries, where the center of
mass is halfway between the two components.
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Table 2: Binary and triple (in red) PHAs observed at Arecibo.

ASTEROID MOID (AU) | Close ap. <0.05 (AU) | P (hours) | Close ap. Date | a(AU) | e |
2101-Jan-31

2020BX12 0.001295 0.0445

143649 20030047 | 0.003799 2.6446
69230 Hermes | 0.004403 0.0282 13.894 | 2040-Apr-25

311066 2004DC 0.008874 0.1901 2.5709 2029-May-13
162000 19900S 0.008999 0.02038 2.536 2053-Nov-16

363027 1998ST27 | 0.010293 0.0238 2024-Oct-12
2018EB 0.010421 0.03364 2059-Apr-04

363599 2004FG11 | 0.020554 0.01815 2134-Nov-25
2017YES5 0.021511

85938 1999DJ4
363067 2000CO101
1862 Apollo
35107 1991VH
2014WZ120
175706 1996FG3

0.022657
0.025812
0.025992
0.027745
0.028302

2016AZ8 0.029003 0.03286 16.897 | 2151-Jan-10
A NA

| 2002Kk8 [ 0020796 |  NA [ NA |

7
153958 2002AM31 | 0.031671 0.03406 2.8174 2032-Jul-29

1994CJ1 0.031783

285263 1998QE2 0.032949 0.49027 4.749 2028-Jul-12

65803 Didymos | 0.040448 0.04965 2.2593 | 2062-Oct-20
0.043366 0.04996 2057-Sep-02

Radar detection of an asteroid satellite in radar
images can provide information such as the separation
distance between two components and mutual orbital
period, and also makes it possible to estimate the mass
of the system and density. This information is valuable to
support our understanding of asteroid formation and
evolution, as well as planning for small bodies space
missions. An example of mission to a binary asteroid
system supported by Arecibo radar observations is
NASA'’s Double Asteroid Redirection Test (DART) to the
65803 Didymos system, the first planetary defense test
mission.
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