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of the Galaxy (18). Yet it was not until the
early 1980s that Oort’s picture, in which
random stellar perturbations feed new
long-period comets into the inner solar
system, was overturned. The old order
was replaced by one in which perturbations by the Galactic disc were dominant
(19–21), with stellar and occasional
molecular cloud perturbations producing
occasional enhancements in the comet
flux—so-called comet showers—on time
scales of 100 to 1000 million years.
Similarly, Jupiter-family comets (those
with low-inclination “direct” orbits and P
< 20 years) were long believed to originate primarily as a result of the action of
Jupiter on long-period comets. This belief
persisted even though far too many
Jupiter-family comets were observed relative to predictions (22, 23). This problem
has been resolved by introducing into
models new sources for Jupiter-family
comets: either a dense inner core of the
Oort cloud (3, 4, 24, 25), necessary in any
case to explain the outer Oort cloud’s dynamical survival for the age of the solar
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od orbits like that of comet Halley.
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units (AU), where 1 AU is the The fading problem. The frequency distribution of the semimajor axes, 1/a, for 330 long-period and new comets
mean distance of Earth from (38), superposed on a plot of the inner solar system and the orbits of comets Halley and Hale-Bopp provided by D.
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whole of the first histogram to the right of 1/a = 0 is contained in the first two positive bins of the second plot.
The similar shape of the two plots shows that the fading problem is not solely an issue for dynamically new
comets. Without fading, apart from the Oort cloud spike, the 1/a distribution would be nearly flat. Note the existence of a few puzzling cases of comets with originally slightly hyperbolic orbits; these are usually explained as a
result of outgassing or poor orbit determination.
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system, or the newly discovered Edgeworth-Kuiper belt (26–30).
The fading problem, however, has been
a persistent thorn in the flesh of the Oort
theory. The Oort cloud explains why most
long-period comets have such extremely
long periods, with orbits stretching in
some cases more than halfway to the nearest star (see the figure). But close examination shows that the frequency distribution of 1/a values (where a is half the
length of the elliptical orbit) has too few
comets at large 1/a. Astronomers have
therefore introduced an arbitrary “fading”
function that links the physical and dynamical evolution of cometary nuclei. It
has been suggested that 95% of comets
that are initially favorably perturbed, so as
to return to the inner planetary system, are
never seen (11–13).
Comets are expected to decay (if only
because of observed mass loss), but there
is no direct evidence that new comets from
the Oort cloud disappear in such large
numbers. On the contrary, the repeated return of comet Halley suggests that kilometer-sized cometary nuclei may survive for
hundreds or perhaps thousands of revolutions before finally disintegrating.
Herein lies the problem: If comets fade,
then they must do so largely out of sight
and probably at large heliocentric distances. If comets do not decay, however,
then there should be many more intermediate-period comets than observed, and far
more Halley-type comets. Previous estimates (31–36) have now been independently confirmed by the new, comprehensive computer-based model of Levison et
al., who argue that the majority of comets
must physically disrupt.
This important result raises the question: Where does the mass go? An alternative possibility, not favored by Levison et
al., is that long-period comets become inert (that is, they lose the capacity to undergo outgassing) and hence evolve into lowalbedo objects resembling asteroids, virtually invisible against the blackness of
space. These potentially hazardous objects—the astronomical equivalent of
black cats in coal cellars—have important
implications for programs aiming to identify the next kilometer-size impactor before it identifies us.
Another alternative is that Oort cloud
comets may easily break up into essentially unobservable smaller bodies after just a
few perihelion passages. The Sun-grazing
Kreutz family may be a prototype. These
comets have orbital periods of hundreds of
years, yet they appear to have undergone a
hierarchy of fragmentation events during
at least the past two millennia. There are at
least half a dozen Sun-grazing families,

each potentially containing tens of thousands of comets and subcometary fragments with diameters from 10 to 100 m.
Astronomers using data from the Solar
and Heliospheric Observatory (SOHO)
satellite have detected nearly 500 such
comets in less than 7 years, with new objects reported on an almost daily basis.
With the recognition that the Kreutz
group is not unique and the observation of
other examples of split comets, a few of
them disappearing before our eyes, an important cometary end-state may have been
identified. This, however, also raises the
specter of a cometary risk to civilization,
as a result of encounters with possibly
dense cometary meteoroid streams containing fragments of a size that could produce catastrophic events on Earth.
A third possibility is that Oort cloud
comets decay into nothing more substantial than dust. The rapid disintegration of
a kilometer-sized cometary nucleus into
its component dust and ice grains is perhaps a seriously counterintuitive result,
especially as most comets run into nothing harder than the solar wind. However, a
few comets have been observed to disintegrate for no apparent reason. If comets
decay rapidly to dust, then the dense meteoroid trails should be detectable—for
example, as meteor showers, through impacts on spacecraft, or possibly via thermal infrared emission analogous to the
dust trails discovered with the Infrared
Astronomical Satellite (IRAS) (37).
Perhaps, as with previous questions
concerning the origin of comets, astronomers are collectively missing a trick.
A fundamental, though not essential, tenet
of the Oort theory is that the observed
cometary flux is in a steady state, with the
numbers of short-period and other comets
in balance with the observed near-parabolic flux from the Oort cloud and other
reservoirs. Could the steady-state assumption be mistaken? This would put us in the
uncomfortable position of living at a special epoch, perhaps within a few million
years of the start of a comet shower (6, 9),
with all sorts of attendant repercussions;
but while such models may show promise,
none completely resolves the fading problem (33, 36).
If comets indeed disrupt, whether to
unobservable small bodies or to dust, Levison et al. (1) make the interesting point
that perhaps this behavior truly distinguishes the nearly isotropic Halley-type
short-period comets from those of the
Jupiter family, which in their model originate from the Edgeworth-Kuiper belt
rather than the Oort cloud. In this case, the
different fading behavior of the two classes of comet would provide the first hard
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evidence for a real physical difference between the “inner” and “outer” comets, perhaps the result of different origins and
thermal and collisional histories.
At present, comets remain a puzzle:
They have to be both strong and weak, and
there seems to be a substantial missing
mass. Does this provide a clue to the origin of cometary material?
References
1. H. F. Levison et al., Science 296, 2212 (2002).
2. J. H. Oort, Bull. Astron. Inst. Netherlands 11, 91
(1950).
3. J. G. Hills, Astron. J. 86, 1730 (1981).
4. M. E. Bailey, Mon. Not. R. Astron. Soc . 204, 603
(1983).
5. M. Duncan et al., Astron. J. 94, 1330 (1987).
6. A. J. J. van Woerkom, Bull. Astron. Inst. Netherlands
10, 445 (1948).
7. F. L. Whipple, Astron. J. 67, 1 (1962).
8. E. Everhart, in Dynamics of the Solar System, R. L.
Duncombe, Ed. (Reidel, Dordrecht, Netherlands,
1979), pp. 273–275.
9. S. Yabushita, Mon. Not. R. Astron. Soc. 187, 445
(1979).
10. ———, Mon. Not. R. Astron. Soc. 204, 1185 (1983).
11. M. E. Bailey, Mon. Not. R. Astron. Soc. 211, 347
(1984).
12. J. A. Fernández, T. Gallardo, in Evolution and Source
Regions of Asteroids and Comets, J. Svoren et al., Eds.
(Astronomical Institute of the Slovak Academy of
Sciences, Tatranská Lomnica, Slovakia, 1999), pp.
327–338.
13. P. Wiegert, S. Tremaine, Icarus 137, 84 (1999).
14. J. G. Tyror, Mon. Not. R. Astron. Soc. 117, 370 (1957).
15. P. C. Joss, Icarus 19, 147 (1973).
16. I. Hasegawa, Publ. Astron. Soc. Jpn. 28, 259 (1976).
17. R. S. Bogart, P. D. Noerdlinger, Astron. J. 87, 911
(1982).
18. V. A. Antonov, I. N. Latyshev, in The Motion, Evolution
of Orbits, and Origin of Comets, G. A. Chebotarev et
al., Eds. (Reidel, Dordrecht, Netherlands, 1972), pp.
341–345.
19. R. Smoluchowski, M. V. Torbett, Nature 311, 38
(1984).
20. J. Byl, Earth Moon Planets 36, 263 (1986).
21. J. Heisler, S. Tremaine, Icarus 65, 13 (1986).
22. P. C. Joss, Astron. Astrophys. 25, 271 (1973).
23. M. E. Bailey et al., The Origin of Comets (Pergamon,
Oxford, 1990), pp. 162–165.
24. M. E. Bailey, C. R. Stagg, Icarus 86, 2 (1990).
25. V. V. Emel’yanenko, M. E. Bailey, in Dynamics and Astrometry of Natural and Artificial Celestial Bodies, I.
M. Wytrzyszczak et al ., Eds. (Kluwer, Dordrecht,
Netherlands, 1997), pp. 159–164.
26. K. E. Edgeworth, J. Br. Astron. Assoc. 53, 181 (1943).
27. G. P. Kuiper, in Astrophysics—a Topical Symposium,
J. Hynek, Ed. (McGraw-Hill, New York, 1951), pp.
357–424.
28. J. A. Fernández, Mon. Not. R. Astron. Soc. 192, 481
(1980).
29. M. Duncan et al., Astrophys. J. 328, L69 (1988).
30. D. Jewitt, J. Luu, Nature 362, 730 (1993).
31. G. Hahn, M. E. Bailey, in Asteroids Comets Meteors
1991, A. W. Harris, E. Bowell, Eds. (Lunar and Planetary Institute, Houston, TX, 1992), pp. 227–230.
32. D. J. Asher et al., Mon. Not. R. Astron. Soc. 267, 26
(1994).
33. V. V. Emel’yanenko, M. E. Bailey, Earth Moon Planets
72, 35 (1996).
34. ———, Mon. Not. R. Astron. Soc. 298, 212 (1998).
35. M. E. Bailey, V. V. Emel’yanenko, in Meteorites: Flux
with Time and Impact Effects, M. M. Grady et al., Eds.
(Geological Society of London, London, 1998), pp.
11–17.
36. P. Nurmi et al., Mon. Not. R. Astron. Soc. 327, 1367
(2001).
37. M. Sykes, R. Walker, Icarus 95, 181 (1992).
38. B. G. Marsden, G. V. Williams, Catalogue of Cometary
Orbits 1999 (IAU Minor Planet Center, Smithsonian
Astrophysical Observatory, Cambridge, MA, 1999).

21 JUNE 2002

2153

