


 

 

 For some values of !, we considered two runs 

with slightly different initial data [14]. The obtained 

values of P can differ by a factor of several, for two 

such runs, because the number N of particles in each run 

was small (100-250), and a few objects can have orbits 

(e.g., with small inclinations) with a relatively high 

probability of a collision with the Earth. Results 

presented in Fig. 1 were obtained for the model when 

particles were removed at direct collisions with the Sun. 

If we remove particles when their perihelion distances 

reach the Sun, then for particles started from LPCs and 

HTCs (and sometimes from Comet 2P at !~0.1), the 

dynamical lifetimes of particles and values of P can be  

smaller by a factor of 1.5-2 than those in Fig. 1 (for 

other runs, the values of P are  practically the same). 

 The probability P of a collision of an 

asteroidal dust particle with the Earth was found to have 

a maximum (~0.001-0.02) at 0.002"!"0.01, i.e., at 

particle diameter d~100 µm. This is in accordance with 

the cratering records in the lunar soil and also with the 

particles record on the panels of the Long Duration 

Exposure Facility, which showed that the mass 

distribution of dust particles encountering Earth peaks at 

d=200 µm [5, 15]. The probability P of collisions of 

asteroidal particles with Venus did not differ much from 

that for the Earth, whereas for Mars, it was by an order 

of magnitude smaller at !#0.01 compared to Earth, and 

was nearly similar to those for the Earth at !~0.0004-

0.001 [14]. We suppose that smaller values of P at 

smaller !<0.005 in Fig. 1 are caused by the fact that 

particles with d~100 µm have more often less inclined 

and less eccentric Earth-crossing orbits, which cause a 

higher probability of collisions, than the more massive 

particles. 

 The probability P of a collision of a particle 

launched 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 P values were found to be 

usually smaller than for asteroidal and Comet 10P 

particles: for Earth at 0.002"!"0.01, P was by an order 

of magnitude (and sometimes even more) smaller for 

Comet 2P particles than for asteroidal particles. So the 

fraction of particles started from high-eccentricity 

comets such as Comet 2P (among particles from 

different sources) is much smaller for particles that 

collided with the Earth, than for particles moving in 

near-Earth space. For Comet 2P particles at some !, P is 

by a factor of 2 or 4 greater for Venus than for Earth. 

 For trans-Neptunian and Comet 39P particles, 

the maximum values of the probability of their 

collisions with the Sun (0.2-0.3) were reached at 

0.05"!"0.1. For !#0.05, the fraction of trans-Neptunian 

particles that collided with the Sun was less than that of 

asteroidal particles by a factor of 4-6.  At 0.01"!"0.2, 

the probabilities of collisions of trans-Neptunian 

particles with the Earth and Venus were ~(0.3-4)·10
-4

 

and were usually less than those for asteroidal particles 

by a factor of less than 4. The ratio of values of time T 

during which a particle has a perihelion distance q<1AU 

for asteroidal particles to the values of T for trans-

Neptunian particles was about 3-7 at  !#0.1, and about 

20 at !=0.05. The mean values em and im of 

eccentricities and inclinations at distance R=1 AU from 

the Sun were mainly greater for trans-Neptunian 

particles than those for asteroidal particles. 

Nevertheless, the ratio P/T was greater for trans-

Neptunian particles. It may be caused by the fact that 

the perihelia or aphelia of migrating trans-Neptunian 

particles  more often were close to the orbit of the Earth, 

or the fraction of Earth-crossing trans-Neptunian 

particles with small e and i was greater (though em and 

im were greater) than for asteroidal particles.  

 At !=0.0001, one Comet 39P particle moved in 

an Earth-crossing orbit located inside Jupiter's orbit for 

6 Myr, and due to this particle, the values of P and T for 

this run were much greater than those for other Comet 

39P runs. For Comet 39P particles at !"0.001, one 

needs to consider many thousands of particles in order 

to acuire reliable statistics because, for such runs, the 

probability of a collision of one particle with a 

terrestrial planet can be greater than the total probability 

of collisions of thousands of other particles. Comet 39P 

is located outside of Jupiter's orbit, and studies of the 

orbital evolution of dust particles produced by this 

comet help to better understand migration of trans-

Neptunian particles to the terrestrial planets at small !. 

At 0.01"!"0.2, the values of P for trans-Neptunian 

particles were similar to those for Comet 39P particles 

(~10
-4

), but the times in Earth-crossing orbits for trans-

Neptunian particles were smaller by a factor of several 

than those for Comet 39P particles. Due to a small 

fraction of large (d>1000 µm) 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 particles with the Earth can be of the same 

order of magnitude as that for d<50 µm.  

 At !#0.004, all particles launched from LPCs 

reached 2000 AU at t"5 Kyr. At !"0.002 for q=0.9 AU 

and at !"0.0004 for q=0.1 AU, dynamical lifetimes of 

some particles launched from LPCs (and from HTCs at 

!"0.01) exceeded several Myr. So only relatively large 

(d>100 µm) particles started from near-parabolic comets 

collided with the Earth (P$2·10
-5

 for LPC-runs and 

q=0.1 AU at !=0.0004). 

 Interstellar particles can be effective in the 

destruction of trans-Neptunian dust particles through 

collisions, especially for 9"d"50 µm, as it is argued in 

[7]. Larger particles may survive because interstellar 

grains are too small to be destroyed in a single impact. 

Since the total mass of the trans-Neptunian belt exceeds 

that of the asteroid belt by two orders of magnitude (or 

even more), and the mean residence times ratio in orbits 

92

Proc. ‘Dust in Planetary Systems’, Kauai, Hawaii, USA.
26--30 September 2005 (ESA SP-643, January 2007)





 

launched from asteroids, comets 2P, 10P and 39P, and 

LPCs and HTCs, the mean values of the FWHM are 

about 74, 81-88, 76-77, 76-77, 73-86, 81-90 km/s, 

respectively (the observational value is equal to 77).  

 

6. CONCLUSIONS 

The probabilities of collisions of migrating asteroidal 

and cometary dust particles with the terrestrial planets 

during the dynamical lifetimes of these particles were at 

a maximum at particle diameter d~100 µm, which is in 

accordance with the analysis of microcraters [15].  

 Cometary dust particles (produced both inside 

and outside Jupiter's orbit) are needed to explain the 

constant number density of particles at 3-18 AU. 

Comparison of the velocities of particles obtained in our 

runs with the velocities of zodiacal particles obtained at 

the WHAM observations shows that only asteroidal dust 

particles cannot explain these observations, and 

particles produced by comets, including high-

eccentricity comets, are needed for such an explanation. 
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