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COMETARY SOURCES OF LOW-ENTRY-HEATING CPA IDP'S 
J. C. Liou and H. A. Zook, SN3, NASA Johnson Space Center, TX 77058. 

In the all sky survey by the Infrared Astronomical Satellite in 1983, eight comets were 
discovered to have dust trails [I]. Among those eight comets, the most prominent trail 
belonged to Tempe1 2, suggesting that this comet recently has been a most prolific producer 
of interplanetary dust. Numerical simulations that we have carried out of the orbital evolution 
of 4 and 9 micron diameter dust particles from Tempe1 2 shows that radiation pressure causes a 
significant fraction of dust particles in this size range to be directly injected into a 1:2 interior 
mean motion resonance with Jupiter. There, they remain trapped for thousands of years. When 
they escape the resonance, their orbital eccentricities are usually quite small. These, and dust 
grains from other similar Tempel-type comets, approach the Earth with the low velocities typical 
of asteroidal dust grains. A sub-group of chondritic porous aggregate (CPA) interplanetary dust 
particles (IDP's) that were collected from stratosphere has been shown to have undergone little 
heating upon entry into the Earth's atmosphere. It is possible that this sub-group of grains derive 
from Tempel-type comets, and not from asteroids. 

Comets and asteroids are considered to be the two major sources of Solar System IDP's. 
IDP spatial abundances in the Solar System are established from zodiacal light measurements 
[2], from meteoroid impacts onto spacecraft dust sensors [3,4], and from the samples collected 
by high altitude aircraft in the stratosphere [5,6]. 

Although the IDPs collected in the stratosphere come from the same complex that forms the 
zodiacal cloud, their relative proportions are different from those in the zodiacal cloud. This is 
due both to the Earth gravitational focusing effect and to the atmospheric entry heating process 
171. The relative proportion of particles with a low Earth-approaching velocity is significantly 
enhanced in the stratosphere, through gravitational focusing, compared to those with a high 
Earth-approaching velocity. The former are also more likely to survive the atmospheric entry 
heating and to be less altered when captured by high altitude aircraft. 

Dust particles coming from comets generally have much higher Earth-approaching, and 
atmospheric entry velocities than do asteroidal grains, although some exceptions were noted 
[8]. A model, based on particle entry velocities and subsequent heating temperatures, has been 
devised to classify particles as to whether they are of asteroidal or of cometary origin. This was 
done for particles of 5 to 15 pm diameters IDPs collected in the stratosphere [9]. Some of the 
collected dust particles were chondritic porous aggregates that had seen very little entry heating 
and were, by this model, presumed to be of asteroidal origin. And from this the suggestion was 
made that there might be similarities among some primitive asteroids and comets [9]. However, 
our present work shows that the alternate explanation [8] that some comets should produce 
particles with low Earth-approaching velocities and with low entry heating is very feasible. The 
porous aggregate "asteroidal" dust particles may, in fact, all derive from that specific sub-group 
of comets. These dust particles were altered less than other cometary dust particles during their 
atmospheric entry process. They are good candidates for laboratory study of the chemical and 
mineralogical properties of comets. 
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According to the authors of reference [I], the material in the Tempe1 2 trail is composed 
of millimeter-sized meteoroids leaving with velocities of few meters per second from the 
comet nucleus. The observation that Tempe1 2 releases large numbers of meteoroids into the 
interplanetary space suggests that yet smaller dust particles deriving from the collisional breakup 
of these millimeter-sized Tempel-type meteoroids represents a significant source of the cometary 
component in the interplanetary dust complex. 

The semimajor axis, eccentricity, and inclination of Tempe1 2 are 3.1 AU, 0.54 and 12.4', 
respectively. This semimajor axis places Tempe1 2, and large meteoroids released from it, very 
close to the 1:2 interior mean motion resonance (MMR) with Jupiter. Small dust particles 
produced from these Tempel-type meteoroids, however, are likely to be injected, due to the 
radiation pressure force, directly into the 1:2 resonance zone. There, they remain trapped for 
thousands of years. While trapped, their orbital eccentricities decrease. When they escape the 
resonance, their eccentricities are comparable to those of typical asteroidal dust particles. When 
these dust particles approach the Earth, their orbital characteristics are quite similar to those 
of asteroidal grains [8]. They may therefore be the source of the CPA's that were previously 
classified as asteroidal dust grains due to their low entry velocities. A numerical simulation of 
the orbital evolution of small Tempe1 2-type dust particles show that about half of the 9 pm 
and about one quarter of the 4 pm dust particles are injected and trapped in the 1:2 resonance 
with Jupiter for a significant period of time. Their nodal crossing velocities are less than 10 krn 
sec-' when they approach the Earth. 

The mechanism of producing low eccentricity and low inclination cometary dust particles is 
actually not limited to Tempe1 2 and its meteoroids. Any comets that are, or were, located near 
the 1:2 interior MMR with Jupiter can inject dust particles into that resonance zone. Currently, 
there are four other non-Jupiter crossing short period comets in such orbits. They are, Clark, 
du Toit-Hartle, Neujmin 2, and Tempe1 1. Their orbital eccentricities and inclinations range 
from 0.5 to 0.6, and from 3' to 13', respectively. They are all capable of producing low- 
Earth-approaching-velocity dust particles. This group of comets, or comets in similar orbits in 
the past, could be the source of the collected chondritic, highly porous, fragile IDPs with low 
atmospheric entry heating. 
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