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Abstract

We present a new study of the dynamical evolution of
the Jupiter family comets (JFCs) that came close to or
crossed the Earth’s orbit at the epoch of their discov-
ery. By assuming that this population of comets are
mostly discovered when they decrease their perihelion
distanceq below certain threshold (say 1.05 AU), for
the first, second or third time, we are able to repro-
duce the relevant features of their observed mean peri-
helion distance as function of time. As a corollary, we
estimate the mean physical lifetimeτphys of the JFC
population withinq < 2 AU.

1. Introduction
We study the dynamical evolution of the Jupiter family
comets that came close to or crossed the Earth’s orbit
at the epoch of their discovery (perihelion distances
qdisc < 1.3 AU), hereafter Near Earth Jupiter Family
comets (NEJFCs).

Our studied sample of NEJFCs comprises 53 ob-
jects, and their osculant elements for the discovery
epoch (or for a close epoch to the discovery time)
were extracted from the 2008 catalog of cometary or-
bits [8]. We complement this data set with more re-
cent data from the NASA/JPL Small-Body Database
(http://ssd.jpl.nasa.gov/sbdb.cgi), as known by mid-
2011.

2. The method and main results
We performed the numerical integrations with the or-
bital integrator Mercury [1] on a linux system. We in-
tegrated the sample of NEJFCs (each body separately)
over a period of 2000 yr centered on the discovery
epoch. Only gravitational forces (included those from
the eight planets) were considered. Fig. 1 shows the
resulting evolution of the mean perihelion distanceq̄.
As in previous works [4], [9] we found some remark-
able features: a sharp minimum ofq̄ at the discov-

ery epoch, and an outstanding past-future asymmetry,
meaning a larger number of comets with greaterq in
the past than in the future. We also find that the min-
imum is characterized by a sudden, very steep drop
towards the discovery time. According to [4], the min-
imum at the discovery time can be attributed to an ob-
servational bias, since comets tend to be discovered
when they get small-q orbits.

We also investigate the effect of the nongravitational
forces for the studied sample of NEJFCs, concluding
that they do not significantly affect the evolution ofq̄.
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Figure 1: Mean perihelion distance as function of time
for the studied sample of 53 NEJFCs.

We integrated a sample of 3900 fictitious comets,
over a period of 20000 yr, to study the dynamical evo-
lution of the NEJFCs after they reach for the first time
a perihelion distance of 2 AU.

By assuming that a comet is discovered when it
makes an incursion (i.e. when it reachesq < 1.05 AU),
and that ap1 percent of the comets are discovered dur-
ing their first incursion, ap2 percent during their sec-
ond incursion, and finallyp3 = 1 - (p1 + p2) percent
during their third incursion, we are able to reproduce
the main features of the observed curveq̄ (c.f. Fig. 1).
Fig. 2 show our simulated curvēq (blue dots) vs. the
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Figure 2: Simulated curvēq (blue dots) vs. the ob-
served one (red dots), for four sets of weight parame-
tersp1, p2 andp3 (more details in the text).

observed one (red dots), in four cases: (a)p1 = 23,p2

= 55,p3 = 22, (b)p1 = 25,p2 = 50,p3 = 25, (c)p1 =
20,p2 = 55,p3 = 25, and (d)p1 = 20,p2 = 60,p3 = 20.

3. Concluding remarks
• We find a well defined minimum at discovery

time and a remarkable asymmetry in the observed
NEJFC’s evolution ofq̄. We also find that the
minimum is characterized by a sudden drop to-
wards the discovery time.

• By assuming that NEJFCs are mostly discovered
when they decreased their perihelion distance be-
low 1.05 AU, for the first, second or third time,
we are able to reproduce the main features of their
q̄ curve in the interval [-1000 1000] yr with re-
spect to their discovery time. When we impose
that the comet is discovered in a random incur-
sion, neither the asymmetry not the steep drop to-
wards the minimum are reproduced.

• By analysing the dynamical evolution of each
clone of the NEJFCs, we find that about 2/3 of
them are coming from theq > 2 AU region with
a steeper decrease inq, and after their incursion
they raiseq more smoothly. This would explain
the observed asymmetry in̄q.

• We estimate the mean physical (i.e. active) life-
time τphys of each group of NEJFCs within the
q < 2 AU region. According to our results, it
would be a young population withτphys ∼ 600

revolutions (assuming a typical orbital period of
∼ 6 yr), an intermediate population withτphys ∼
1000 revolutions, and an evolved population with
τphys

>∼ 1400 revolutions, which were discov-
ered (probably but not necessarily) during a first,
a second or a third incursion, respectively. Our
estimated mean physical lifetimes are consistent
with previous works (e.g. [5], [4], [6], [7], [3],
[2]).
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