DUST FROM THE COMETS

Tadashi Mukai
Kanazawa Institute of Technology
Nonoichi, Ishikawa 921, Japan

ABSTRACT. We have found a similarity between the size spectra of the
observed interplanetary dust and the survived cometary dust, referring
to the dynamical behaviour of the dust leaving the comet. As a result,
we can suggest that short-period comets with relatively higher
eccentricities are major source of the interplanetary dust, especially
those with radii less than 10 um. It is predicted, furthermore, that a
supply rate of the dust, which move on bound orbits after leaving the
comet, becomes about 8x10 g/s from 85 short-period comets, and nearly
3x104 g/s from 101 long-period comets.

1. INTRODUCTION

One of the important questions for the interplanetary dust is where they
come from. It is well known that the comets supply the dust in the
solar system. Recently, Comet Halley flybys have brought a ot of
valuable information of the dust in the comet, such as the mass spectrum
of the cometary grains(e.g. McDonnell et al. 1987, and Mazets et al.
1987) and their chemical composition(e.g. Jessberger et al. 1986).

The data of the dust near the earth's orbit are also surely
increasing. The analysis of the particles collected in the upper
atmosphere of the earth provides us a powerfull tool to examine their
origin and evolution in the interplanetary space. The size spectrum of
the interplanetary dust, compiled based on the research of the lunar
microcraters plus in situ measurements of dust flux, is also available
to investigate their origin.

In this paper, I will study the interrelation between the dust in
the comet and those in the interplanetary space based on a comparison of
their size spectra. Dynamical evolution of the dust ejected from the
comet is mainly considered to estimate the size spectrum of the survived
cometary grains against an emission velocity of the grain from the
cometary nucleus as well as the solar radiation pressures. As a
result, it becomes possible to re-attack the old problem, i.e. how much
dust can be supplied from the comets into the solar system.
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2. SIZE SPECTRUM OF THE DUST

By using a variable mass density of the dust, decreasing with
increasing radius, predicted in Lamy et al.(1987), the mass spectrum of
the dust in comet Halley compiled by Divine and Newburn(1987) is
converted to the size spectrum of the dust in the comet(see figure 1la).
The data of the size spectrum derived from three different in situ data
have shown slightly different features, but the existence of the smaller
grains with radii s<0.1 pm has been proved.

On the other hand, figure 1b shows the size spectrum of the dust
near the earth's orbit compiled by Griin et al.(1985)(GZFG in figure) and
Le Sergeant and Lamy(1980)(LL in figure). Due to the difference of
calibration of the microcrater analysis, the slopes of the grains with
8<1 um in both estimations are in disagreement.

From a comparison between figures 1la and 1b, we have a feeling
that the dust with radii between 0.01 pm and 10 pm decreases during
their dispersion from the comet to the interplanetary space. This is
the initial motivation of the following study.
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Fig.1a. Size spectrum of the dust Fig.1b. Size spectrum of the dust
detected in comet Halley. near the earth's orbit. GZFG is
Grin et al.(1985) and LL denotes

LeSergeant and Lamy(1980).
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Fig,2a. Survival probability P of the dust ejected from long~period
v denotes an orbital velocity
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3. SIZE SPECTRUM OF SURVIVED COMETARY DUST

It is known that a part of the ejected grains cannot stay in the
solar system after leaving the comet, because their orbital energy
becomes positive due to the solar radiation pressures on them and their
emission velocities a&v from the comet. Mukai (1985) has defined the
survival probability P of the dust leaving the comet during one
perihelion passage of the parent comet. Figure 2 shows the results of P,
as a function of a grain radius s, computed for one long-period
comet(comet West 1976VI) and 6 short-period comets. For a ratio of the
solar radiation pressure to the solar gravity on the dust, the results
for silicate given in Mukai(1985) were applied. In addition, the values
of av came from an empirical formula in Mukai et al. (1988), estimated
for comet Halley as functions of the grain radius and the sun-comet
distance. These wvalues of Av, decreasing with increasing the grain
radius, are roughly two order of magnitude smaller than the orbital
velocity of the parent comet.

Figure 2 telis us that long-period comet scarcely provide the
grains with radii less than 10 pm even in the case of backward ejection,
Furthermore, it is found that for short-period comets, the depression
in the curve of P near s=1 pm becomes wider and deeper as the
eccentricity of the parent comet increases, and finally it would

approach the feature found in long-period comet. If one considers only
a perihelion ejection of the
grain from the comet, no -5 \ T ¥ T

survived grains with radii
smaller than some critical

radius sc appear. The value
of sC increases with
increasing the sun-comet
distance r. Since the

allowable range of r for the
comet with nearly circular
orbit 1is very limited, then
the depression in P becomes
sharp and deep, as shown in
figure 2.
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It is found that the resulting
size spectrum of survived -5
cometary dust ejected from,
especially, short-period
comets with larger
eccentricities has a similar
depression of the grains with
radii between 0.01 pm and 10
nm to that found in the
interplanetary dust(GZFG in
figure 1b)(see figure 3).
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supplied from long-period
comets and from short-period
comets with nearly circular
orbits is quite different,
compared with that observed
in the interplanetary dust.
Since most of the asteroids ] West
have the nearly circular
orbits, the survived dust Ll
released from the astercids
would have also sharp and deep
depression feature in s<10 pm, 3 v —
although the process of dust 10 10°% 107 1
ejection in the asteroids is . )
unlike that in the comets. Gran Radius (cm )

0f course, we cannot
conclude from this result
alone that all of the
interplanetary dust come from short-period comets with relatively
higher eccentricities. It might be problem to assume that all comets
have the same size spectrum of the dust as that observed in comet
Halley. Furthermore, a modification of the size spectrum of the dust in
the interplanetary space, such as a production of smaller debris by
mutual collisions of the interplanetary dust, should be taken into
account in the future study. However, the similarity of the shape of
the depression of the grains with radii between 0.01 pum and 10
um discussed above strongly suggests that short-period comets play an
important role for the supplier of the interplanetary dust, at least,
those with radii less that 10 pm.
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Fig. 3b. The same as fig.3a, but from
long=-period comet.

4. HOW MUCH DUST COME FROM THE COMETS?

A large fraction of the mass supplied from the comets is in the grains
with radii larger than 100 pm. Therefore, the depression of the
grains with radii less than 10 pm predicted above becomes out of the
consideration when the total ma3g supplied from short-period comets is
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Fig. 4b, The same as

fig.4a, but from 85 short-period comets,
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examined. On the other hand, for the mass supplied from long-period
comets, such depression plays a key factor.

The dust production rate of the comets 1is assumed to be
approximated as 10512 g/s for short-period comets and 106r-2 g/s for
long-period comets, where r is a sun-comet distance in unit of AU(see
Ney 1982). After that, the total mass of dust supplied from the comets
are computed(see figure 4). The long-period comet with larger semimajor
axis can supply 1less amount of the dust because the survival
probability P for such a comet is, in general, low in the wide range of

the grain radius. On the other hand, mass supply rate from short-
period comet increases as the perihelion distance q of the comet
decreases. This result 1is easily understood since the comet with

smaller value of q can produce much dust near the sun.

Adding these computed values of the mass supply rates from 85
short-period comets and 101 long-period comets(the orbital data,
respectively, came from Marsden 1986 and Marsden et al. 1978 ), we can
predict that_ the total mass of dust supplied from short-period comets
becomes 8x10¥ g/s, and that from long-period comets is 3x104 g/s.
These results seem to be consistent with the values previously estimated
by other authors based on the different way, e.g. ROser(1976) derived
2.5x105 g/s from short-period comets.

The uncertainties in the above estimation arise from the data of
the dust production rate of the comets. The observed dust production
rates scatter within the scale of one order of magnitude from comet to
comet even at the same sun-comet distance r(see e.g. Hanner 1984). The
dependence of dust production rate on r should be examined in detail in
the future works.

5. Conclusion

Referring to the similarity of the shape of depression in the size

spectrum of the observed interplanetary dust and that of the survived

dust released from short-period comets, the origin of the

interplanetary dust was discussed. It is found that short-period comets

wvith high eccentricities play an important role for dust supplier,

especially those with s¢ 10 pm. In addition, the contribution of the
pass of dust supplied from long-period comets is roughly 30 times

snaller than that from short-period comets.

Recently, IRAS found the dust bands associated with the orbits of
the asteroids. As discussed above, the size spectrum of the survived
dust released from the asteroids is supposed to have a different shape
in the region of the grain radius less than 10 pm, compared with the
observed shape of the size spectrum of the interplanetary dust.
However, the thermal emission detected by IRAS mainly came from the
grains larger than s=10 um. This implies that the contribution of the
dust with larger radii from the asteroids may be important in the
interplanetary space. Further quantitative discussions about the dust
supplied from the asteroids, such as the size spectrum of the survived
asteroidal dust and the total mass of dust supplied from the asteroids,
are strongly needed.
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