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Table 1 A brief introduction to the top 8 observational programs in the cumulative number of

discoveries of the NEAs

Programs Number Brief introduction
A survey program funded by NASA specifically for the discovery of
. asteroids and comets. Its goal is to discover more than 90% of NEAs larger
Catalina Sky Survey ]
11828  than 140 m. It uses a 1.5-m telescope, a 68-cm Schmidt telescope and a 1-m
(CSS, 1998—to date) ) ) o
follow-up telescope, located in the Santa Catalina Mountains in Tucson,
Arizona.
Panoramic Survey
Telescope and Rapid A survey program funded mainly by NASA’s near-Earth object observation
Response System 7172 project. It consists of two 1.8-m telescopes with a field view of 3° located at
(Pan-STARRS, Haleakala Observatory, Hawaii.
2010—to date)
Lincoln Near-Earth
Asteroid Research 92479 It uses a 1-m and a 0.5-m telescope for follow-up observation. The
(LINEAR, equipments are located at the White Sands Missile Range in New Mexico
1997—2017)
Spacewatch 847 It uses 4 telescopes of apertures 0.9-m, 1.8-m, 2.3-m, and 4-m, located at
(1990—2018) Kitt Peak National Observatory in Tucson, Arizona.
Asteroid ) ) ) . ) )
L It is committed to discovering near-Earth objects that may impact the
Terrestrial-impact . ] ;
Earth several days to weeks in advance, including two 0.5-m telescopes 160
Last Alert System 622 )
kilometers apart, located at Haleakala Observatory and Mauna Loa
(ATLAS, 2015—to . ..
Observatory in Hawaii.
date)
Siding Spring Survey 591 It used a 0.5-m Schmidt telescope, located at Siding Spring Observatory in
(SSS, 2004—2013) New South Wales, Australia.
Near-Earth Object
Wide-field Infrared Wide-field infrared survey explorer (WISE) is a 0.4-m near-infrared space
Survey Explorer 362 telescope funded by NASA. It was launched in 2009. After its solid hydrogen
(NEOWISE, 2010—to coolant depleted, it was renamed NEOWISE and continued to work.
date)
) A survey program run by NASA and the Jet Propulsion Laboratory (JPL)
Near-Earth Asteroid ) .
. for near-Earth objects, conducted at ground-based electro-optical deep
Tracking (NEAT, 331

1996—2007)

space surveillance system (GEODSS) on Hawaii, as well as at Palomar

Observatory in California.
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Fig.1 The annual change of discovered number of NEAs for the top 8 observational programs in terms of cumulative discoveries

(left) and the annual change of discovered number for 5 different diameter ranges (right), showing discoveries from 1995 to

present only.
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Fig.2 The distribution of the location of ground-based observational stations with number of discoveries (N) no more than 100

and more than 100 (left) and distribution of discoveries versus latitude and longitude of the stations (right)
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Fig.3 The apparent magnitude distribution at the time of discovery for the NEAs discovered by CSS, Pan-STARRS and all the
other ground-based stations (left) and the annual change of apparent magnitude quartiles (right)
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Fig.4 The annual change of the numbers and proportions of newly-discovered NEAs with different orbital types (left) and the

change of the proportions of different orbital types over diameter range (right)
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Fig.5 The distribution of geocentric distance with diameter at the time of discovery of the NEAs (a), and change of the

quartiles of geocentric distance, diameter and absolute magnitude H at the time of discovery (b)—(d).
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Fig.6 The distribution of the azimuth and zenith distance of the NEAs discovered by CSS and Pan-STARRS relative to the

stations at the time of discovery (the center is the zenith direction, and the upper is the north point direction)
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Fig.8 The normalized number density of the NEAs on the celestial sphere discovered by CSS (the 1st row) and Pan-STARRS
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Fig.9 The frequency distribution of the orbital inclination of the NEAs discovered by CSS and Pan-STARRS in summer and

spring, respectively
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Fig. 10 The distribution of the position of the NEAs at the time of discovery in the geocentric Sun-Earth rotating frame

projected on the z-y plane
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Fig.11 The distribution of the position of the NEAs at the time of discovery in the geocentric Sun-Earth rotating frame

projected on the z-z plane
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Fig. 12 The latitude and longitude distribution of the NEAs in the geocentric Sun-Earth rotating frame at the time of discovery
(some asteroids with longitude near 90° and 270° were discovered by NEOWISE)
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Fig. 13 The longitude (An) and latitude (8y) distributions of the NEAs (divided into 6 different sized ranges) in the geocentric

Sun-Earth rotating frame at the time of discovery
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Fig. 14 The phase angle stacking distribution of the NEAs discovered by different stations at the time of discovery (left) and

Number

the frequency distribution for three different diameter ranges (right)

50 T T T

20 -

15

10

||

0 Il
0 10

20

30

40

50

Phase angle/°

60

70

80 90

& 15 NEOWISER I H/INMT B AE KRB ZIARALf 43 Aii (B T NEOWISE TR it O FEIZE G /N T-/INMT B O FR, TSI A Bt 37 B wf
AL O E )
Fig. 15 The phase angle distribution of the NEAs discovered by NEOWISE at the time of discovery (since the geocentric
distance of the NEOWISE satellite is generally much smaller than the geocentric distance of the NEAs at the time of discovery,

the satellite position can be approximated as the geocentric position when calculating the phase angle)
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Fig. 16 The distribution of the solar height (left) and the asteroid-Sun angle relative to the Earth (right) at the time of
discovery of the NEAs
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Fig. 17 The distribution of the asteroid-Sun angle ds relative to the Earth over the local time ¢ at the time of discovery (left)

and Jgs for asteroids of three different diameter ranges (right)
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Table 2 The parameters of the 14 near-Earth asteroids of s < 50° at the time of discovery

Asteroids a/au e Type D/km t Arj/au  ds/° Obs. Code
2020 AV2 0.555 0.177  Atira 2.00 18:03  0.797  39.53 141
2021 EX2 2.490 0.737 Apollo 0.97 18:56 1.279  40.36 141
2020 QF6 2.726  0.652 Apollo 0.95 04:10 1.389  43.15 141
2019 LL5 0.665 0.503  Aten 0.72 03:13 0.754  45.00 141
2019 AQ3 0.589 0.314  Atira 1.09 18:06  0.521  46.43 141
2021 LJ4 0.675 0.383  Atira 0.33 18:07  0.823  48.01 807
2020 OV1 0.637 0.255  Atira 0.60 03:30 0.460  48.21 141
2011 BF59 1.402 0.610 Apollo 0.47 18:42  0.816  48.68 G96
2019 LF6 0.555 0.429  Atira 1.20 20:20 0.629  48.79 141
2005 VP118 2.097 0.702 Apollo 0.56 04:27  1.615  49.08 568
2021 BS1 0.598 0.338  Atira 0.68 05:55  0.675  49.33 141
2007 UB66  2.099 0.624 Apollo 0.62 04:49 1.063  49.42 G96
2008 EA32  0.616 0.305  Atira 1.74 19:04 0.672  49.89 703
2007 LC15  1.313 0.738 Apollo 0.62 21:01 0969  49.93 G9I6
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Fig. 19 The longitude and latitude distribution of NEAs at the time of discovery in the Moon-centered Earth-Moon rotating

frame (left) and the distribution of longitude with the lunar Calendar days (right, only considering the objects discovered by

ground-based telescopes). The origin in the left panel is the Moon, and the green elliptic curve corresponds to the position of
30° from the Moon.
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Fig. 20 The distribution of the angle between the NEAs and the Moon (the 1st row), the longitude of asteroids in the

Moon-centered Earth-Moon rotating frame (the 2nd row), and the lunar Calendar days at the time of discovery (the 3rd row)
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Fig.21 The comparison of the apparent magnitude (left) and absolute magnitude (right) distribution at the time of discovery of
the NEAs with &6y < 45° and the all.
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Fig.22 The distribution of the number of optical measurement data sets for the NEAs discovered from the 8th to the 15th day
and from the 15th to the 22nd day of the lunar calendar (only unnumbered asteroids are considered). The objects with

diameters of less than (left) and more than (right) 140 m are considered, respectively.
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Fig.23 The distribution of the ecliptic longitude and latitude of the position of the NEAs at the time of discovery. The

positions of the galactic center and the galactic plane are shown. The green lines are the curves of the zenith direction of the

telescope of the CSS and Pan-STARRS at 0 o’clock within a year. The green circle from left to right corresponds to the day of

autumnal equinox, winter solstice, vernal equinox and summer solstice, respectively.
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Statistical Analysis of Discoveries and Discovery Scenarios of
Near-Earth Asteroids

HU Shou-cun'??  ZHAO Hai-bin*23  JI Jiang-huil+?3
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Agstract Near-Earth asteroids (NEAs) are a kind of small solar system bodies that may lead to
potential hazard to the safety of the Earth. Currently, most of the NEAs are discovered with ground-
based telescopes while the number is still growing. In order to provide references and experience to
our future near-Earth asteroid discovery and monitoring, we perform a multi-dimensionally statistical
analysis on the discovery data of NEAs with public database obtained from the website of Minor Planet
Center (MPC). We find the constraint of observation ability can lead to selection effect on the discoveries,
which causes a yearly dependence trend and a size-dependence characteristic of the relative proportion
of different orbit types of discovered NEAs. Besides, combined with the orbits obtained from numerical
simulations, we recover the discovery scenarios of these objects. The position distribution of the objects
under different celestial coordinate systems are obtained, and the dependence on seasons, observatory
latitudes, and the diameters are analyzed. Finally, we quantify the impact of the Sun, the Moon and the
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galactic plane on the discoveries by analyzing the observation data and find that ground-based telescopes
generally have difficulty in discovering NEAs within 90° from the Sun direction, and that this limitation
generally has a greater impact on smaller-sized objects. The lunar position also has a significant effect on
the discoveries, with the restriction on the nights before and after the full Moon resulting in 29% of NEAs
being undiscovered, and analysis shows that objects found in the first half of the lunar calendar month are
generally more difficult to be followed than those found in the second half. The galactic plane, especially
the direction near the galactic center, also has an effect on the discoveries, resulting in a season-dependent
“blind spot” for observations near the ecliptic.

Key words small bodies: near-Earth asteroids, surveys, methods: statistical, orbit dynamics
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