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Investigation of the binary asteroid (65803) Didymos which satellite was
subjected to an experimental collision with the DART spacecraft
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Observations of the binary asteroid (65803) Didymos after experimental collision of its satellite with the DART
spacecraft (NASA) were carried out using MTM-500M telescope of the Pulkovo observatory. Computer simulation
of orbit evolution of the asteroid in question was modelled using EPOS software systems. Results of the astrometric
and photometric studies using the data obtained are presented in this article.
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The threat of collision with small bodies of the Solar
System has been relevant for the Earth throughout the
history of its existence. The development of technology
over the past half century has made it possible to discover
and observe more and more asteroids approaching the Earth
every year. As part of the Spacewatch Project at the Kitt
Peak Observatory (USA) on April 11, 1996 the asteroid
(65803) Didymos was discovered, belonging to the Apollo
group and ranked by the Minor Planet Center (MPC)
as a potentially hazardous asteroid [1]. Its diameter is
about 780m [2]. In 2003, a moon with a diameter of
about 170m [2] was discovered in its possession, it was
subsequently named Dimorphos and was chosen as the
target for the first-ever experiment to change the trajectory
of an asteroid by physical impact [3]. On September 27,
2022 (on September 26 at 23 h 14 min UTC) NASA’s DART
spacecraft, launched in November 2021, collided with the
asteroid Dimorphos [4].

Using the MTM-500M telescope, installed at the Moun-
tain Astronomical Station of the Pulkovo Observatory (MAS
CAO RAS, Kislovodsk) [5], observations of the binary
asteroid Didymos were carried out in the period Octo-
ber 1—December 27, 2022. More than 1300 CCD frames
were obtained. Astrometric and photometric processing of
observational data was carried out with the help of EPOS [6]
and APEX-II [7] software packages using the numerical
ephemeris DE441 [8]. The GAIA DR2 catalog was used
as the reference star catalog [9]. The evolution of the orbit
of the binary asteroid Didymos was studied on the time
interval t = 1800—2200 yr, Fig. 1 shows the result.

In this time interval, the asteroid approaches at a distance
of no more than 7.4799 - 10°m (0.05AU) only with the
Earth (2003, 2062, 2123 yr) and Mars (1901, 1967, 2144,
2166yr). No extra-close approaches have been recorded,
so changes in the size and shape of the orbit during this
period are insignificant. But they do exist: the orbit is
gradually ,collapsing” into the inner Solar System. Despite

the absence of extra-close approaches to planets, the orbit of
the asteroid cannot be considered completely regular. Fig. 2
shows graphs of changes in the orbital parameters of the
asteroid Didymos over four centuries. There are signs of
chaotic motion and small ,jumps“ of magnitudes, which in
the future can lead to significant changes in the orbit.
Elements of the asteroid’s orbit from the MPCORB [10]
catalog dated September 5, 2022, obtained from 2880 world
observations and assigned to epoch JD2459800.5, were
taken as initial ones. In order to assess the quality of ob-
servations obtained at the MAS CAO RAS, an attempt was
made to improve the orbit, assuming that only the results of
Pulkovo observations were available. The improvement was
based on a sample of 779 observations made by the MTM-
500M telescope for the period October 1—December 27,

Figure 1. Evolution of the orbit of asteroid (65803) Didymos
(together with the line of apsides) with respect to the Sun (S),
Venus (V), Earth (E), Mars (M) at the interval t = 1800—2200 yr.
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Figure 2. Changes in inclination (i), eccentricity (e), perihelion distance (q), semi-major axis (a) of the orbit of the asteroid Didymos
for the period t = 1800—2200 yr.

Improvement of orbital elements for epoch JD2459800.5

Elements Initial (MPC) Improved A RMS

M, (°) 32551990 32551996 +0.00006 0.000001

o, (°) 319.31887 319.31900 +0.00013 0.000011

Q, (°) 73.19329 73.19325 —0.00004 0.000008

i, (°) 3.40788 3.40789 +0.00001 0.000001

e 0.3839233 0.3839242 +0.0000009 0.00000001
a, (AU) 1.64432410 1.64432672 +0.00000262 0.000000030
g, (AU) 1.01302977 1.01302987 +0.00000010 0.000001

2022. The RMS (root mean square), which characterizes
the representation of observations by the current set of
orbital elements, changed from the initial RMS = 0.331”
to the end RMS = 0.147”. The results of the improvement
with an assessment of the accuracy of the obtained values
are given in the table, where M — is the mean anomaly,
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o — the argument of perihelion, 2 — the longitude of the
ascending node, i — the inclination, € — the eccentricity,
a — the semimajor axis, q — the perihelion distance, A —
the correction.

The paper published in ,Nature” [11], which used nu-
merous observations from various ground-based telescopes,
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Figure 3. Absolute magnitude dip of the binary asteroid (65803)
Didymos.

notes that immediately after the collision, the brightness

of

the binary asteroid increased by 2.3 magnitude and

returned to its original value after about 24 days. The results
of photometric processing of the observations obtained by

the

MTM-500M telescope in the integral band are quite

consistent with these conclusions (Fig. 3).

The results of NASA’s experiment with the asteroid
Dimorphos [12] showed that if one tries to change the orbits
of asteroids by kinetic impact, then even such small changes
in orbit can prevent possible collisions of asteroids with the
Earth.
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