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Introduction: There are a lot of papers on migra-
tion of dust (see references in [1-2]). In contrast to pa-
pers by other scientists, we study the orbital evolution of
dust particles for a wider range of masses of asteroidal
and cometary particles and consider also migration of
dust particles produced by comets 10P and 39P.

Model: We integrated [1-2] the orbital evolution of
about 12,000 asteroidal, cometary, and trans-Neptunian
dust particles under the gravitational influence of plan-
ets, the Poynting-Robertson drag, radiation pressure, and
solar wind drag, varying the values of the ratio

�
be-

tween the radiation pressure force and the gravitational
force from � 0.0004 to 0.4 (for silicates, such values
correspond to particle diameters between � 1000 and
1 microns). The considered cometary particles started
from comets 2P, 10P, and 39P. A few hundred of par-
ticles were considered in each run. In our runs orbital
elements were stored with a step of ��� of � 20 yr for
asteroidal and cometary particles and 100 yr for trans-
Neptunian particles. The planets were assumed to be
material points; however, using orbital elements obtained
with a step � � , we calculated the mean collision proba-
bility of a particle with the planet during the particle
lifetime � = ���
	�� , where ��� is the probability for all
� considered particles. The relative error per integra-
tion step less than 
������ was adopted. The integration
continued until all of the particles either collided with
the Sun or reached 2000 AU from the Sun.

Collision probabilities of dust particles with plan-
ets: The probability � of a collision of an asteroidal
dust particle with the Earth was found [2] to have a
maximum ( � 0.001-0.02) at 0.002 � � � 0.01, i.e., at di-
ameters of particles ��� 100 � m. This is in accordance
with cratering records in the lunar soil and also with
particles record on the panels of the Long Duration Ex-
posure Facility, which showed that the mass distribution
of dust particles encountering Earth peaks at � =200 � m.
At

���
0.01 collision probabilities of asteroidal particles

with the terrestrial planets decreased with growing
�

.
For Venus these probabilities didn’t differ much from
those for Earth, whereas for Mars they were by an order
of magnitude smaller at

� � 0.01 compared to Earth, and
nearly similar to those for Earth at

� � 0.0004-0.001.
Collision probability � of a particle started from

Comet 10P with a terrestrial planet sometimes differed
by a factor of several from that for an asteroidal particle
of the same size. In turn, for Comet 2P dust debris, the
� values were found usually smaller than for asteroidal
and 10P particles: for Earth at 0.002 � � � 0.01, � was

by an order of magnitude smaller for 2P particles than
for asteroid particles. For 2P particles at some

�
, � is

by a factor of 2 or 4 greater for Venus than for Earth.
For trans-Neptunian and 39P particles, maximum

values of the probability of collisions with the Sun (0.2-
0.3) were reached at 0.05 � � � 0.1. For

� ����� ��� , the
fraction of trans-Neptunian particles collided with the
Sun was less than that of asteroidal particles by a factor
of 4-6.

Probabilities of collisions of trans-Neptunian parti-
cles with Earth and Venus at 0.01 � � � 0.2 were �������  "!#�$�% 
&���(' and were usually less than those for asteroidal
particles by a factor of less than 4. The ratio of values
of time ) during which a particle has perihelion less
than 1 AU for asteroidal particles to the values of ) for
trans-Neptunian particles was about 3-7 at

� �����*
 and
about 20 at

��+ ��� �,� . The mean values -/. and 01. of
eccentricities and inclinations at distance 2 =1 AU from
the Sun were mainly greater for trans-Neptunian parti-
cles than those for asteroidal particles. Nevertheless, the
ratio �3	4) was greater for trans-Neptunian particles. It
may be caused by that perihelia or aphelia of migrat-
ing trans-Neptunian particles more often were close to
the orbit of the Earth, or the fraction of Earth-crossing
trans-Neptunian particles with small - and 0 was greater
(though -4. and 01. were greater) than for asteroidal par-
ticles.

Probabilities ��5 of collisions of trans-Neptunian and
39P dust particles with the Earth were usually smaller
by a factor of several or more than those for asteroidal
and 10P particles of the same size. At

�
=0.0001 one

39P particle moved in an Earth-crossing orbit located
inside Jupiter’s orbit for 6 millions of years, and the
values of � and ) for this run were much greater than
those for other 39P runs. For 39P particles greater than
1000 � m, one need to consider many thousands of par-
ticles in order to get reliable statistics because for such
runs the probability of a collision of one particle with
the terrestrial planets can be greater than the total prob-
ability of collisions of thousands other particles. Comet
39P is located outside Jupiter’s orbit ( 6�7 7 AU), and
studies of the orbital evolution of dust particles pro-
duced by this comet help to better understand migra-
tion of trans-Neptunian particles to the terrestrial plan-
ets at small

�
. At 0.01 � � � 0.2 the values of � 5 for

trans-Neptunian dust particles were similar to those for
39P particles ( �8
&����' ), but the times in Earth-crossing
orbits for trans-Neptunian particles were smaller by a
factor of several than those for 39P particles. Due to

Workshop on Dust in Planetary Systems 2005 4049.pdf



a small fraction of large (
�

1000 � m) particles that can
move in Earth-crossing orbits for a long time, it may be
possible that the probability of a collision of such trans-
Neptunian particle with the Earth can be of the same or-
der of magnitude as that for ��� 50 � m, but much more
runs are needed for accurate estimates.

Interstellar particles can be effective in destruction
of trans-Neptunian dust particles through collisions, es-
pecially with grains between 9 � m and 50 � m, as it is
argued in [3]. Larger particles may survive because in-
terstellar grains are too small to destroy them in a single
impact. Since the total mass of the trans-Neptunian belt
exceeds that of the asteroid belt by more than two or-
ders of magnitude, and the derived in our model mean
residence times ratio in orbits with perihelion distance
� � 1 AU for asteroid and trans-Neptunian particles is
less than 20 at

� � 0.05, then for � � 1-10 � m the frac-
tion of trans-Neptunian dust of the overall dust popula-
tion can be significant even at 2�� 3 AU.

Distribution of migrating dust particles: Based
on our runs, we studied [2] the distribution of spatial
density ��� (i.e., the number of particles per unit of vol-
ume) near ecliptic over distance 2 from the Sun. For as-
teroidal particles, ��� quickly decreases with an increase
of 2 . So asteroidal dust particles cannot explain the
constant spatial density of dust particles at 2 � 3-18 AU.
At such distances, many of the dust particles could have
come from the trans-Neptunian belt and from comets. In
our runs at

� � 0.05, spatial density � � of trans-Neptunian
particles near ecliptic at 2 =1 AU was greater than at
2 � 1 AU. At 0.1 � � � 0.4 and 2 ��2�� 45 AU (at

�
=0.05

for 
,
���2�� 50 AU) for trans-Neptunian particles, � � var-
ied with 2 by less than a factor of 4, but at 2 =5 AU it
was smaller by at least a factor of 2 than at 15 AU.

Velocities of dust particles: Ipatov et al. [4-5] stud-
ied how the solar spectrum is changed by scattering by
dust particles. Positions of particles were taken from the
runs of migration of dust particles. For each such stored
position, we calculated many ( � 10

	
-10 ' depending on

a run) different positions of a particle and the Earth dur-
ing the period ��

��� of revolution of the particle around
the Sun, considering that orbital elements do not vary
during ��
���� . Three different scattering functions were
considered [2]. For each considered position, we calcu-
lated velocities of a dust particle relative to the Sun and
the Earth and used these velocities and the scattering
function for construction of the solar spectrum received
at the Earth after been scattering by different particles
located at some beam (line of sight) from the Earth. The
direction of the beam is characterized by elongation �
and inclination 0 . Particles in the cone of 2 � around this
direction were considered. In each run, particles of the

same size (at the same
�

) and the same source (i.e., as-
teroidal) were studied. Ipatov et al. [5] and Madsen et
al. [6] compared the rotation curves, i.e., plots of veloc-
ities of Mg I line (at zero inclination) versus elongations
� (measured eastward from the Sun), with the observa-
tional plots obtained by Reynolds et al. [7]. The rota-
tion curves obtained for different considered scattering
functions were similar for 30 ��� � � 330 � , the difference
was greater for more close direction to the Sun. The dif-
ference between different plots for different sources of
dust was maximum at � between 90 � and 120 � . In our
opinion, the main conclusion of the comparison of such
curves is that asteroidal dust doesn’t dominate in the
zodiacal light and a lot of zodiacal dust particles were
produced by high eccentricity comets (such as comet
2P Encke). Significant contribution of cometary dust
was considered by several other authors. For example,
based on cratering rates from an ensemble of Earth-
and Lunar-orbiting satellites, Zook [8] estimated that
the cometary contribution to the near-Earth flux of par-
ticles is � 75%.

Conclusions: Probabilities of collisions of migrat-
ing asteroidal and cometary dust particles with the ter-
restrial planets during the lifetimes of these particles
were maximum at diameter � � 100 � m, which is in ac-
cordance with the analysis of microcraters.

Cometary dust particles (produced both inside and
outside Jupiter’s orbit) are needed to explain the con-
stant spatial density of dust particles at 3-18 AU. The
spatial density of migrating trans-Neptunian particles
near Jupiter’s orbit is smaller by a factor of several than
that beyond Saturn’s orbit. Only a small fraction of as-
teroidal particles can get outside Jupiter’s orbit.

Comparison of velocities of particles obtained in our
runs with the results of observations also show that only
asteroidal dust particles cannot explain these observa-
tions, and particles produced by high-eccentricity comets
(such as Comet Encke) are needed for such explanation.

Several our recent papers are presented on astro-ph.
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