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Introduction: Bodies ejected from the Earth at col-
lisions of bodies-impactors with the Earth can move
around the Sun and later collide with planets and the
Moon. The motion of such bodies was considered in
[1-2] during time interval equal to 30 Kyr. Ejection of
bodies was considered from a whole surface of the
Earth with velocities perpendicular to its surface. Sev-
eral values of velocities were considered. Actually
ejection angles i; mainly do not exceed 55° and most
of ejected bodies still moved in orbits after 30 Kyr.
The probability of a collision of an impactor with the
Earth is different for different points of the Earth’s
surface (e.g. it is greater from a space outside the
Earth’s orbit than from inside the Earth’s orbit).

Mass m,; of ejected material is smaller for greater
velocity ve; of ejection (mg; is proportional to Ve, ™®
[3]). Therefore, most of material leaves the Earth with
velocities a little greater than the parabolic velocity.
According to [4], the values of ejection angle ig are
between 20° and 55°, and mainly between 40° and 50°.
Similar values of i¢; were obtained in [5] for collisions
of bodies with asteroids. At experiments with micron
particles and velocities up to 2.5 km/s, i¢; was from 40°
to 70° (from 40° to 80° at velocities of about 1 km/s)
[6].

The model and initial data used for calculations:
| studied the migration of bodies ejected from the Earth
during their dynamical lifetimes for time interval Tenq
up to a few hundreds of millions of years (see Table 1).
The bodies started their motion at the height of 10 km
from the Earth at the point of Earth’s surface which is
located at a maximum distance from the Sun. The val-
ues iy of ejection angle (measured from the surface
plane) equaled to 30° 45° or 60°. Velocity v,; of ejec-
tion equaled to 11.22, 12, 12.7, or 16.4 km/s. The
symplectic code from the SWIFT integration package
[7] was used for integration of the motion equations.
The gravitational influence of the Sun and all eight
planets was taken into account. There were 250 initial
bodies in each calculation variant. Bodies that collided
with planets and the Sun were excluded from integra-
tion. Below the results of integration with a time step d,
equal to 10 days are presented. Calculations with
smaller values of ds (equaled to 1, 2, or 5 days) showed
that the probabilities of collisions of considered bodies
with the Earth are similar to those obtained at smaller
time steps. However, the probabilities of collisions of
bodies with Venus and Mercury can be greater at
d.=10" than at smaller ds. The number of collisions of

bodies with the Earth during time T (in Myr) after ejec-
tion of bodies from the Earth with velocity v; (in km/s)
at ejection angle ig (in degrees) is presented in Table 2.
Based on the arrays of orbital elements of migrated
bodies, similar to [8], | calculated probabilities of col-
lisions of bodies with the Earth and the Moon and the
ratio pe/pw of these probabilities (see Table 3).

Results of calculations: During the first 30 Kyr in
a calculation variant with 250 bodies typically not
more than one body collided with the Earth, i.e. the
probability pg of a collision of a body with the Earth
did not exceed 0.004. The fraction pg of bodies collid-
ed with the Earth during the first million years was
about 0.01-0.02 at v, equal to 11.22 and 12 km/s, and
equaled to 0.004 at v¢=16.4 km/s. At 7=10 Myr, pe
was about 0.056-0.12 at v, equal to 11.22, 12 and 12.7
km/s, and were in the range 0.02-0.05 at v.=16.4
km/s. For 7=10 Myr, the ratio of the values of pg at
i¢=45° to the values of pg at i;;=30° was mainly greater
at greater ve; and varied between 1.2 and 2.4; at i;=60°
pe was mainly not smaller than at i4=45°. For 7=100
Myr and at T=Tgy, the values of pg were typically
greater by a factor of 1.5-2 than at 7=10 Myr, and were
in the range 0.1-0.2. In total in the considered calcula-
tions about 16% of bodies fall back onto the Earth dur-
ing a few hundreds of millions years.

The ratio pg/pm of probabilities of collisions of
bodies with the Earth and the Moon was mainly about
20-30. After 100 Myr less than 10% of bodies were left
in elliptical orbits, and evolution of disks of ejected
bodies finished mainly in about 200-350 Myr.

In my calculations of the ejection of bodies from
the Earth, | considered bodies that left the Hill sphere
of the Earth and moved in heliocentric orbits. The frac-
tion py of bodies that fell onto the Moon during their
dynamical lifetimes was relatively small (~0.007 at
small vg;). For the present orbit of the Moon, the prob-
ability of collisions of the ejected bodies with the
Moon is even less for bodies that did not leave the Hill
sphere of the Earth. Bodies ejected from the Earth
could participate in the formation of the outer layers of
the Moon. In order to contain the present fraction of
iron, the Moon had to accumulated the main fraction of
its mass from the mantle of the Earth [9]. Bodies eject-
ed from the Earth and fallen onto the Moon embryo in
its present orbit probably were not enough for the
growth of the Moon from a small embryo. So for-
mation of a large Moon embryo close to the Earth is
preferred. At small angles of bodies with a mass of
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~0.01-0.1mg (where mg is the mass of the Earth) falling
onto the Earth, the material of the Earth's mantle pre-
dominated in the material of the disk formed of ejected
material [10]. It is possible that such a predominance
of the Earth's matter also exists in the case of smaller
projectile masses. However, with small (compared to
0.01-0.1mg) masses of impactors, the ejected matter
did not form a new disk around the Earth, although it
could be captured by the previous disk, if it existed.
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Table 1. Time Teyq (in Myr) of the evolution of a disk
of bodies ejected from the Earth with velocity vg; (in
km/s) at ejection angle i (in degrees).

i¢j, deg 11.22 | 12 12.7 16.4

km/s | km/s | km/s | km/s
30 301.9 | 337.8 | 273.2 | 302.2
45 206.1 | 290.6 | 311.0 | 359.2
60 270.8 | 349.6 | 189.2 | 225.7

Table 2. The number of collisions of bodies with the
Earth during time T (in Myr) after ejection of bodies
from the Earth with velocity v (in km/s) at ejection
angle ig; (in degrees).

i), T, Myr | 11.22 | 12 127 | 16.4
deg km/s | km/s km/s | km/s
30 1 3 4 0 1

30 2 6 3 3

30 5 8 7 4

30 10 15 14 14 5

30 25 26 24 9

30 100 36 27 29 9

30 Tend 38 28 34 16
45 1 4 3 6 1

45 2 8 7 8 3

45 5 10 12 17 5

45 10 18 18 21 12
45 25 28 31 27 15

45 100 39 36 32 15

45 Tend 39 38 34 22

60 1 4 5 2 1
60 2 11 6 4 1
60 5 20 12 14 8
60 10 29 23 20 12
60 25 42 30 27 17

60 100 47 42 30 29

60 Tend 48 42 32 31

Table 3. The ratio pg/pm of the probabilities of colli-
sions of bodies with the Earth to those with the Moon
at the evolution of a disk of bodies ejected from the
Earth with velocity vg; (in km/sec) at ejection angle i
(in degrees).

iy | T, Myr 11.22 | 12 127 | 16.4
deg km/s | km/s | km/s | km/s
30 |1 220 293 |[235 |199
30 |10 224 | 285 |226 |194
30 | 100 206 | 285 |208 |181
45 |1 245 | 232 |21.7 |215
45 |10 23.4 | 214 |237 |225
45 |100 234 1198 [219 |240
60 |10 294 | 265 |312 |223
60 | 100 273 | 244 284 |204
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