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These past v e years (from 1998 to 2002) have seen
someexceptionalLeonid activit y (for a full review of the
obsenations, seeArlt & Brown 1999, Arlt & Gyssens
2000,Arlt etal. 1999,2001,2002,and Jenniskens2002).
For the rst time, someaccurate predictions have also
beenpossible,thanks to a better knowledge of the dy-

namics of meteoroids in the Solar System. Following

the work of Kondrat'eva & Reznikov (1985) and Kon-

drat'eva et al. (1997), it was shown (Asher, 1999; Mc-

Naught & Asher, 1999) that the orbit of the mete-
oroids, instead of the orbit of the parent body alone,
is relevant to achieve such predictions. At the same
time Lyytinen & Van Flandern (2000), from a “satellite
model' of the comet 55P/T empel-Tuttle, and the con-
sideration of non-gravitational forces, derived a model
of the streams. This model has been enhanced(Lyyti-

nen et al., 2001) thanks to the quality of the obsena-
tions and the Lorentzian prole of a shaver deduced
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by Jenniskens(2002). Recertly, Vaubaillon (2002) used
the photometry of the cometto makea link betweenthe
parent body and the level of the shower encourtered.
A meteor storm occurswhen the Earth passesclose
to the certer of atrail of material releasedat a particu-
lar perihelion return of the parent comet (Kondrat'ev a
et al.,, 1997). Otherwise, a usual meteor shower is ex-
pected. Overall, meteor storms are therefore very rare.
The last one occurred in 2002 but, from the results of
computations, it appears that no other storm is ex-
pected for the coming decade. At presen, no Leonid
storm until at least 2033 has yet beenidentied. The
guestion arises as to what will be seenin 2003. We
shall try to answer that in this paper, by presering the
results of the above di erent modeling approaches.

In his rst work, Lyytinen (1999) found that the Earth
will encourter very old Leonid trails in 2003 Novem-
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ber. Following this result, Asher and Vaubaillon have
run their model for varioustrails, con rming Lyytinen's
ndings. Figure 1 shows the general circumstancesof
the two main encourters. Figure 2 is a closer view
around ead encourter.

Old streams have su ered many planetary pertur-
bations and are split into seweral parts. This is clearly
visible in Figure 1. As old trails are, generally speak-
ing, more dispersedthan young ones, one can expect
a very low ZHR value for the two expected showers.
McNaught & Asher (2002) and Vaubaillon (2002) have
independertly shown the presenceof gapsin meteoroid
streams, and their relevancefor making meteor shower
forecasts. But becauseof the complexity of gravita-
tional perturbations, there can, in addition to the gaps,

be denseparts in a stream, increasing the ZHR. Ta-
ble 1 provides the timing and the ZHR value from the
di erent approacesof the authors.

Thereis alot of ne structure in old trails, and when
the original dust trail calculation method is applied to
the 1499trail, multiple encourters are found (Figure 3).
The two most signi cant onesare the rst two ertries
in Table 1; the former is closerto the Earth's orbit al-
though both nominally missthe Earth by well over ten
Earth diameters. In reality, material is dispersedover
this whole region (Figure 2, left plot), and activity may
last half a day (next entry in Table 1). Figure 3 shows
alot of particles compressednto a small range of nodal
crossing times, e ectiv ely increasing f\y compared to
the nominal values. The parameter f\; (McNaught &
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Asher, 1999) measuresthe extent to which a trail has
stretched in the along-orbit direction, being 1.0 for a
1-revolution trail and closerto zero for more stretched
(lower density) trail sections. We can seefrom Table
1 that the conditions of the encounter with the 1499
stream are very good, with fy; > 1. The high value in
Table 1 is somewhat surprising for such an old stream,
but again gravitational perturbations have a compli-
catedin uence onthe streams. Lyytinen (1999) pointed
out that the 1499 stream is one revolution late, com-
pared to the parent body, comet 55P/T empel-Tulttle.

The di erence between Lyytinen and Vaubaillon's
results for the 1533 stream comesfrom the very poor
number of simulated particles selectedby the method
(see Vaubaillon, 2002). It is then hard to compute a
density that makes sense. The value of 100 for ZHR
is thus very uncertain. The Asher & McNaught timing
is for the nominal certer of the trail, which the Earth
missesby only a small distance;rg  rp = 0:0002AU
(cf. McNaught & Asher, 1999). The miss distance for
the 1333trail is much larger;rg rp = 0:0017AU.

Another consequencevisible in Table 1 is that the
two main showers are separatedby 6 days. During the
recert Leonid obsenations (1998{2002), this has never
been obsened. This is more surprising since the two
streams have only one revolution di erence.

The di erent models agree fairly well overall because
they are all basedon orbital dynamics. It is worth men-
tioning that the dierences for very old streams seen
in these predictions result from di erent cometary ele-
ments at time of ejection. Lyytinen usesthe orbit of
Nakano (1999), whereas Vaubaillon uses P. Rocher's
one (personal communication). Dierences in non-
gravitational parametersinduce, after a long time in-

tegration (here more than 1000years), a very di erent
time of perihelion. The sameproblem hasbeenencoun-
tered with 2003PerseidsbetweenLyytinen and Vaubail-
lon's approadches. The orbit of 55P/T empel-Tuttle is in-
creasingly poorly constrained going bad in time from
the 1366return, whenthe cometwas rst obsened. Al-
though an accurate orbit for the comet is the essetial

input parameterto the trail encourter calculations, ob-
servingthe meteorsmay corverselyprovide information

on the time of perihelion of comet55P/T empel-Tuttle a
long time ago, by showing which of two possible orbits
better matchesthe obsenations. If one obsenation dis-
credits oneorbit solution, it doesnot however de nitely

prove that the other oneis the correct one. Indeed, a
negative obsenation is a necessarycondition to refute
onesolution, but is not su cien t to acceptanother one.
At any rate, assuc old streamsare very perturb ed, the
ZHR is expectedto be low.

Even if the Leonid meteor storm period (Lyytinen,
1999; McNaught & Asher, 2002) is over now, the year
2003will provide good conditions to obsere someshow-
ers. The times in Table 1 correspond to Pacic and
east Asian regions being favored for the 1499trail en-
counter, and Atlantic and east American regions six
days later for the 1533 encourier. We have to empha-
sizethat the last encourter with such old streamswas
the famous 1998 one. On the other hand, this year
is expected to be poor in bright meteors. Although
details of the predictions are harder than for younger
trails, we encourageeverybody to conduct someobser-
vations if possible. They will again help to constrain
the models of the streams, and also give information
on the orbit of the parent body more than 1000 years
ago. The encourter with the trail from 1733 is quite
a distant (  0.003AU) encourter in the nominal solu-
tion, but strong non-gravitational e ects could bring
meteoroids near the Earth's orbit. Even though this

ao
Trail Model g fm Time ZHR
Asher & McNaught  0.28 0.03 Nov 13,13"15™
1499 Asher & McNaught 0.26 0.8 Nov 13, 18"20™
Lyytinen 0.28 1.6 Nov 13, 16"40™, half a day 100
Vaubaillon Nov 13, 17"17™ 120
Asher & McNaught 0.30 0.04 Nov 19, 06"30™
1533 Lyytinen 0.30 0.1 Nov 19, 08" dozen(s)
Vaubaillon Nov 19, 07"28" 100
Asher & McNaught  0.12 0.02 Nov 20, 00"50™
1333 Lyytinen 0.02 Nov 20, 01"30™ 20
Vaubaillon Nov 20, 01"26™ 15
736 Lyytinen 0.008 Nov 22, 21" 10
Vaubaillon Nov 22, 22"02™ 2
636 Vaubaillon Nov 23, 02"56™ 10
1733 Lyytinen 0.11 Nov 19, 00"25™ a few dozen?

Negative values of f\; occur when the order of meteoroids is reverseddue to planetary perturbations. The

degreeof dispersalwhen fy, =

0:04 is the sameaswhen fy = +0:04.



encourter is expectedto give only weak rates, obsena-
tions of this could determine the existenceor absence
of such a strong non-gravitational e ect.
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