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Abstract

Hilda asteroids and comets are similar from the compositional point of view. The D-taxonomic class prevailing among Hildas h
characteristics found in cometary spectra. Jupiter Family Comets (JFCs) coming from the trans-neptunian region are under the g
control of Jupiter, making them a dynamically unstable population with a mean dynamical lifetime of 104 to 105 years. In contrast, Hilda
asteroids residing in the 3:2 mean motion resonance with Jupiter are a very stable population. But once they escape from the
they are dynamically controlled by Jupiter, and in this sense their behavior resembles that of JFC. We performed a numerical s
to analyze the dynamical evolution that Hildas follow after escaping from the resonance, and their contribution to the JFC popul
found that 8% of the particles leaving the resonance end up impacting Jupiter. 98.7% of the escaped Hildas live at least 1000 years as a
with a mean lifetime of 1.4× 106 years. In particular, escaped Hildas stay mainly in the region of perihelion distances greater than.5 AU.
On the other hand, the number of escaped Hildas reaching the inner Solar System (q < 2.5 AU) is negligible. So, there are almost no Hild
asteroids among the NEO population. We also analyzed the possibility that the Shoemaker–Levy 9 were an escaped Hilda aste
case, it would be possible to give stronger constraints to its pre-capture orbital elements.
 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Comets are one of the most primitive bodies of the
lar System. They are formed by a solid nucleus consistin
intimately mixed ices and dust, while asteroid composit
goes from heavy elements in the inner belt to volatile o
in the outer zone. Asteroids and comets are differentia
by their observational properties and orbital characteris
rather than by their chemical composition. Comets are c
acterized by theircoma of sublimated ices and dust, whic
gives them their typical appearance in the sky. Asteroids
the other hand, appear as points of light in the sky. H
ever, comets show their characteristic tails when they re
the inner Solar System, and they warm enough to sublim
the trapped ices (this happens at a distance of∼4 AU from
the Sun(Weissman et al., 2002)). Asteroids with semima
* Corresponding author.
E-mail address: romina@fcaglp.unlp.edu.ar(R.P. Di Sisto).

0019-1035/$ – see front matter 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.icarus.2004.10.024
jor axis greater than 4 AU may be composed of the sa
volatile materials, dust and organic molecules as comets
their orbits are not eccentric enough to approach the Sun
sublimate their ices, in such a way that they could show
activity observed in comets. In this sense,Hartmann et al.
(1987) proposed a more specific definition of comets a
asteroids, and analyzed the possibility that Trojan aster
and some Hildas could be dormant comets (a comet nuc
with no detectable activity, but if delivered to smaller sem
major axis, it could be reactivated). So, from the point
view of the chemical composition, it is a bit arbitrary—
at least difficult—to distinguish between asteroids from
external zone of the asteroid belt and comets.

The models of the composition of these bodies are ba
upon the reflectance spectra. The asteroids of the ext
zone of the asteroid belt, with semimajor axisa > 3.3 AU

have a low albedo and C-, P-, and D-taxonomic classes.
P- and D-type asteroids have a mixture of organic, anhy-
drous silicates, dust and ice(Bell et al., 1989; Gaffey et

http://www.elsevier.com/locate/icarus
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al., 1989; Vilas et al., 1994). Fitzsimmons et al. (1994
have performed a spectroscopy survey of D-type aster
to investigate their reflectance and compositional proper
They found that the majority of those asteroids have the
flectance slope or “color” and albedo in the same ran
But cometary nuclei, though having albedos very simila
those of D-type asteroids, show a wider range of colors. T
difference may be due to the dynamical history of com
and the processes that have affected their surfaces,
asteroids, being in more stable orbits, have conserved
primordial surfaces. Thus, they conclude that D-type as
oids can be regarded as the spectral analogues of come
this aspect, the fact of distinguishing comets from aster
of the external zone could be limited to orbital evolutio
rather than to chemical composition.

At present, there is substantial evidence that Jupiter F
ily Comets (JFCs) have evolved from the trans-neptun
region(Fernández, 1980; Duncan et al., 1998; Levison
Duncan, 1997; Bottke et al., 2002). JFCs have very unstab
orbits, subject to strong perturbations by Jupiter. Numer
integrations have suggested that Trojan asteroids also
tribute to the JFC population, with probably 10% or le
(Marzari et al., 1995; Levison et al., 1997).

Hilda asteroids in the 3:2 mean motion resonance w
Jupiter are at∼4 AU from the Sun, the D- and P-taxonom
classes dominate the group(Dahlgren et al., 1997). It is a
dynamically stable population(Ferraz-Mello et al., 1998
but, as Trojan asteroids do, one could expect them to ev
dynamically as JFCs after escaping from the resonance,
tributing to some extent to the JFC population.

In this paper we study the Hilda asteroid family as anot
probable source of JFCs. We follow the dynamical evolu
of Hilda asteroids after their escape from the resonance i
der to determine if they spend some time as JFCs, asse
the population that is presently contaminating the “genui
population of JFCs coming from the trans-neptunian reg

In Section1 we characterized the Hilda resonant gro
describing its dynamical and compositional properties
Section2 we describe the initial conditions and the nume
cal simulation devised to analyze the fate of Hilda astero
escaping from the resonance. Section3 is devoted to asse
the contribution of Hilda asteroids to the JFC populati
In Section4 we analyze other dynamical routes of esca
Hildas, and the last two sections are devoted to the dis
sion and the conclusions.

2. Hilda asteroids

Hilda asteroids form a compact group, orbiting at∼4 AU
from the Sun, where the orbital period is exactly 2/3 of the
orbital period of Jupiter (i.e., the 3:2 mean motion resona
with Jupiter). Since October 1, 2003, 879 Hilda astero

have been cataloged in the asteroid data base of the Lowel
Observatory. The observed sample is probably complete for
asteroids with diameters greater than 12 km. The population
s 174 (2005) 81–89
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is characterized by a power law size distribution function
diameter, with an exponentq = −2.11, which agrees with
an outcome of a collisional cascade(Davis et al., 1989).

The Hilda resonant group is a population characteri
by a great dynamical stability. In the central zone of
resonance, an asteroid can last for the age of the Solar
tem(Nesvorný and Ferraz Mello, 1997; Ferraz-Mello et
1998). However, the stable zone is surrounded by a stron
unstable region, where the characteristic permanence t
are very short. An asteroid moved out of the boundarie
the resonance will escape shortly after.

The exchange of impulse during mutual collisions is
most efficient mechanism that is presently injecting Hilda
teroid fragments into the unstable regions beyond the bo
aries of the resonance.

As objects from the external asteroid belt, Hildas sho
have ices in their composition. In fact, spectroscopic s
ies reveal mainly D- and P-taxonomic classes(Dahlgren and
Lagerkvist, 1995; Dahlgren et al., 1997). Dahlgren et al.
(1997) found that 36, 28, and 2% are D-, P-, and C-ty
asteroids respectively. There is a relation between the s
tral slope (asteroid taxonomy) and the asteroid size am
Hildas, implying a size-dependent surface composition
Figs. 18 and 19 inDahlgren et al., 1997). There are more
D-type particles among the smaller sizes. The mean
ameter is 85 km for P-type asteroids and 49 km for
type asteroids. This correlation was also found in Tro
asteroids(Jewitt and Luu, 1990)and D-type asteroids ob
served byFitzsimmons et al. (1994), but it was not observe
among small main belt asteroids(Xu et al., 1995). Therefore,
this correlation seems to hold only for primitive taxonom
classes(Dahlgren et al., 1997). According to the picture de
scribed byBell et al. (1989), D-, P-, and C-class asteroids a
at the beginning of the condensation sequence in the
nebula.Dahlgren et al. (1997)suggested two possible expl
nations for the spectral-size dependence. First, they dis
size-dependent heating mechanisms that explain how m
morphic heating acts for different asteroid sizes. But th
processes do not seem to explain how heating affects la
diameters, and consequently favor larger P and C aster
The other explanation is based on the fact that mutua
teroid collisions affect size distribution. On the one ha
being the D-type asteroids the most primitive ones, they
more fragile, and so more easily disrupted. In this sense
could expect D asteroids to be smaller than P or C ones
the other hand, collisions on P- or C-type asteroids prod
small fragments from their less heated upper layers. T
fragments are probably more like the D type, and so
contribute to the population of small D asteroids.

In Fig. 1 we show the distribution in the space(a, e) of
the observed Hilda asteroids and of the discovered JFC.
curves corresponding to orbits that can intersect Jupi
Hill sphere and the ones corresponding to a Tisserand

lstantT = 2 are also shown (see Section4).

It is noticeable that the more eccentric Hilda asteroids are
inside the JFC zone; so, the only distinction between them
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Fig. 1. (a) Observed JFCs (points) and Hilda asteroids (crosses) on the semimajor axis-eccentricity plane. The curves of Tisserand constantT = 2 andT = 3
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are also shown. The limits of the JFC zone are the curves of perihelion
of Hilda asteroids in the semimajor axis-eccentricity plane.

is the fact that the asteroids are in the 3:2 mean motion r
nance whereas comets are outside it.

3. Numerical simulation and general outcomes

In order to investigate the dynamical evolution of Hil
asteroids after their escape from the resonance, we have
formed a numerical integration of 500 fictitious Hilda a
teroids under the gravitational influence of the Sun and
planets from Mercury to Neptune, with our hybrid integ
tor EVORB (Fernández et al., 2002). The initial conditions
of the objects in semimajor axis, eccentricity, and inclinat
were generated at random, but following the distribution
the orbital parameters of the real Hilda asteroids taken f
the asteroid database of the Lowell Observatory. The sam
was integrated for 1× 109 years. When a particle collide
with the Sun or a planet, it is taken out of the integrati
It is also eliminated when it reaches a hyperbolic orbit. T
spacing in our output file is 1000 years.

We are interested here in the dynamical evolution of as
oids after their escape from the resonance. For this rea
the longitude of the perihelion, ascending node and m
anomaly was generated at random, so our test particle
representative of fragments recently moved from their o
inal stable orbits(Dell’Oro et al., 2001)and are, in genera

nonresonant asteroids.

Being collisions the main mechanism of evaporation of
the resonance, we also modeled inBrunini et al. (2003)the
nces equal to 5.42 AU and aphelion distances equal to 4.61 AU. (b) Enne

r-

,

e

Table 1
For each planet,Ne is the number of encounters,Np is the number of
particles that enter within 3 Hill’s radii of the given planet, andP is the
percentage ofNp with respect to the escaped particles

Planet Ne Np P (%)

Venus 55 21 5.4
Earth 182 33 8.4
Mars 137 43 11
Jupiter 248,360 392 100
Saturn 42,492 368 94
Uranus 9259 326 83
Neptune 10,115 295 75

collisional evolution of Hilda asteroids, using a numeri
code which combines recent calculations of the intrinsic
lision probabilities and impact speeds in the Hilda gro
(Dell’Oro et al., 2001)with our current understanding of th
outcomes of high-velocity collisions between asteroid-si
bodies(Davis et al., 1989). Using plausible collision para
meters and an energy scaling of impact strength with s
we obtained the rate of escape from the Hilda group for
ferent fragment sizes. With the same model, we estimate
rate of escape from the Trojan swarms. These estimate
shown inTable 1.

As was already mentioned in the introduction, mut
collisions are the way Hilda asteroids escape from the

onance. The impulse imparted at collision may change the
angular orbital elements in a considerable way. So fragments
originated in a collision (future escaped particles) would
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Fig. 2. (a) Critical angle distribution of real Hildas. (b) Critical angle d
tribution of fragments produced in catastrophic collisions between H
asteroids.

have critical angles far from the resonant values. That is w
in our experiment, we generated the initial angular orbita
ements randomly. To prove that this is correct, we calcula
the critical angles of the real Hildas, and showed them
Fig. 2a. They are, of course, resonant objects whose cri
angle is near zero.

In a catastrophic collision the velocity distribution of t
fragments is given by the equation:

(1)f (> V ) = (V/V0)
−9/4,

wheref (> V ) is the fraction of objects moving faster tha
V , andV0 is a lower cutoff of the fragments velocities. W
have included in our code of collisional evolution the co
putation of the variation of the critical angle for the escap
fragments. The initial orbital elements of each of them w
extracted at random from the orbital elements of the
Hildas. In this way, we have obtained the position and

locity of 8000 fragments that escaped from the resonance
due to catastrophic collisions. The distribution of the result-
ing critical angles is shown inFig. 2b, where it can be seen
s 174 (2005) 81–89

Fig. 3. Number of Hilda asteroids ejected by each planet.

that it is almost uniform. This result justifies the way we ha
generated the initial conditions.

3.1. General results

We analyzed the dynamical evolution the asteroids fol
after escaping from the resonance in order to obtain s
statistical results. From the 500 initial particles, 391 (78.2%)
leave the region of the resonance, and the rest (21.8%) re-
main in it, being so in stable resonant orbits. From the
bodies that escape 40% are in resonant unestable orbit
60% are in nonresonant orbits. The average escape time
the resonance is: 1.3 × 107 years for the resonant particle
in unestable orbits and 1.6 × 104 years for the nonresona
particles. 8% of the objects leaving the resonance end up
pacting Jupiter. The consequences of this high impact
on the jovian satellite system were analyzed inBrunini et al.
(2003).

In most cases, the asteroids left the resonance inc
ing their eccentricity, and then their semimajor axis, in s
a way that in their dynamical evolution they pass throu
the outer Solar System having successive encounters
the giant planets, mainly with Jupiter. This is evident fro
the results displayed inTable 1, where the total number o
encounters with each planet, the number of particles tha
counter each planet and the percentage with respect t
total escaped particles are shown.

We considered an encounter with a planet if the c
est approach is less than 3 Hill radii. The total numbe
encounters that all the particles have with all the plan
is 310,600. Therefore, Jupiter has 80% of the encoun
Saturn 14%, Uranus and Neptune 5.9%, and the terrestria
planets, all together, 0.1%.

Therefore, the general dynamics of the escaped part
is dominated by Jupiter’s scattering. InFig. 3 we show the
number of particles ejected by each planet. We recogn

the ejector planet as the one that has the last encounter with
the escaped Hilda before it is ejected from the Solar System
in hyperbolic orbit.
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4. Escaped Hildas behaving like JFC

4.1. The Jupiter family comet region

JFCs are under the gravitational control of Jupiter, pa
ing frequently through the Hill’s sphere of Jupiter. This co
dition is satisfied if their aphelion distances (Q) are greater
than 4.61 AU and their perihelion distances (q) are less
than 5.42 AU. These conditions are almost equivalent
having a Tisserand constant in the range 2< T < 3, a con-
dition proposed byLevison (1996)to identify JFCs. There
are 245 active JFC discovered so far (taken from the W
site: http://ssd.jpl.nasa.gov/), that fulfill q < 5.42 AU and
Q > 4.61 AU. 95% of them (233 comets) have a semim
jor axis a in the zone 2 AU< a < 9 AU. In addition, they
havee < 0.9.

So, we have defined theJFC region as the zone limited
by the conditions

• q < 5.42 AU andQ > 4.61 AU;
• 2 AU < a < 9 AU;
• 0< e < 0.9;
• a > 4.02 AU anda < 3.9 AU.

The last item means that the particle is out of the 3:2
onance zone(Ferraz-Mello et al., 1998)since, as we hav
already mentioned, it is occupied by Hilda asteroids, and
are interested in the fates of escaped objects.

4.2. Method and results

From the 391 bodies that left the resonance in our sim
tion, 386(98.7%) live at least 1000 years in the JFC regio
The other five particles that leave the Hildas group hav
mean lifetime of less than 1000 years as a JFC. In orde
find the number of JFC that are escaped Hildas, we ca
lated the total time that all 386 particles spend in the J
zone, estimating also the average residence time,tm, in this
region of phase space. We foundtm = 1.4 × 106 years. So,
the number of escaped Hildas that are presently in the
region may be calculated as:

(2)NHC = dN

dt
0.987tm,

where,dN/dt is the rate of escape from the Hildas popu
tion. This quantity and the number of escaped Hildas tha
in the JFC zone are shown inTable 2. The number of Trojan
asteroids that are expected to be in this same situation is
shown. Those numbers correspond to particles larger th
given diameterD0.

302 of our escaped Hildas spend in average 1.1 ×
105 years with perihelion distancesq less than 2.5 AU,
where comets are active and easily detectable. In the re
q > 2.5 AU, the escaped Hildas in the JFC zone spend in

6
erage 1.33× 10 years. It is possible to estimate the number
of escaped Hildas in each of these zones. This is also shown
in Table 2.
piter family comets 85

Table 2
Rate of escape of asteroids larger than a given diameterD0 from the Hilda
region, and estimated number of Hilda asteroids within the dynamical n
of JFCs

D0 [km] dN(D > D0)/dt [year−1] NH,q<2.5 NH,q>2.5 NHC NTC

0.5 5.7× 10−4 48 742 787 21
1.0 1.1× 10−4 9 143 152 5
1.5 4.0× 10−5 3 52 55 2
2.0 2.0× 10−5 2 26 27 1

As a comparison, the last column is the computed number of Trojan a
oids within the same dynamical niche (see text). Those numbers corres
to particles larger than a given diameterD0.

On the other hand, it is interesting to know how the
caped Hildas populate the JFC zone. We have compute
probability distribution of the residence times of escap
Hilda asteroids in the region of orbital elements also
cupied by JFCs. It is shown inFig. 4. These maps wer
obtained as follows: we subdivided the JFC zone into c
of 0.1 AU in semimajor axis, 0.01 in eccentricity and 1◦ in
inclination. Then we estimated the timeδti that each par
ticle visits each cell. The total time a cell is occupied
then:

(3)δt =
386∑

i=1

δti .

Finally, the cell residence time was normalized to the to
time that all the particles spend in the JFC orbital region
this picture, the observed JFCs (red circles) are also sh
The particles spend a considerable time just in the limit
the resonance, increasing their eccentricities, and then
semimajor axis, crossing the Jupiter orbit until they leave
JFC region. In this route, they spend more time in the z
corresponding to middle eccentricities. Once the eccentr
grows, they cross the zone quickly. The majority of com
are found in the zone where the residence time of esc
Hildas is long, located near the boundaries of the resona
The time between the escape from the resonance and th
cross of Jupiter’s orbit is 2.7× 107 years. In this interval o
time, the particles populate the zone near the resonan
orbits that are not Jupiter crossing.

We have also analyzed the dependence of the post-ca
behavior on the initial conditions. There is no evident c
relation between the lifetime and any of the initial orbi
elements but, on the other hand, we have found that the
time shows a strong correlation with the initial critical ang
This behavior is shown inFig. 5. It is evident fromFig. 5a
that particles that have the longest lifetime as a JFC have
tial critical angles near 90◦ or 270◦, so they are nonresona
particles, but they are initially in an intermediate situat
between the protected 0◦ critical angle and the chaotic 180◦
one. In a zoom view of that plot, shown inFig. 5b, it could
be seen that there is an accumulation of particles near◦

with a relatively short lifetime. This behavior is expectable,
since those particles have close encounters with Jupiter that
quickly eject them from the JFC zone.

http://ssd.jpl.nasa.gov/
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Fig. 4. Probability distribution of the residence times of escaped Hilda
teroids in the region of orbital elements also occupied by JFCs. The
circles are the observed JFCs. The yellow triangles are the pre-captu
bital elements of SL9 fragments(Chodas and Yeomans, 1996)

4.3. The number of JFCs and the contribution of Hildas

Fernández et al. (1999)have estimated the population
active JFC for different values ofq. They obtain a popu
lation of 800 active JFC withq < 2.5 AU and an absolute
total magnitudeHN < 18.5 (km-size objects). In the inne
planetary region (q < 5.2 AU) they estimate a lower limit o
1800 kilometer-size comets. But considering some facto

incompleteness, this number should rise to 10,000 comets
Levison and Duncan (1997)suggest that the rate of extinct
comets to active comets is 3.5, so the total number of JFC
s 174 (2005) 81–89

-

Fig. 5. Lifetime of test particles as JFCs versus initial critical an
(a) Complete sample, the longest lifetimes as a JFC have initial critica
gles near 90◦ and 270◦. (b) Zoom view of (a) plot. There is an accumulatio
of particles near the unstable region corresponding to 180◦ with a relatively
short lifetime.

(active and extinct) would be:

(4)NJFC= Na(1+ 3.5),

whereNa is the number of active comets.
Therefore, the number of JFC withq < 2.5 AU and

brighter thanHN = 18.5 would be 3600, with 2800 of them
being extinct. JFCs come from the trans-neptunian reg
and are injected into the inner Solar System by the pertu
tions of Jupiter. This action reduces the perihelion distan
of those objects until they become observable. Then, J

.lose their activity more quickly for smallerq. Therefore, the
rate of extinct comets to active ones would be a function ofq.
It is very difficult to obtain such a function from the observa-
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tional data available today. But at first it seems probable
in the region of perihelia greater than 2.5 AU, the population
of extinct comets should be negligible. Moreover, proba
the vast majority of the JFCs withq > 2.5 AU are dormant
comets. So we take as the total number of kilometer-size
in the regionq > 2.5 AU the estimation byFernández et al
(1999)of ∼9000.

From Fig. 4, and also fromTable 2, it is evident that
escaped Hildas mainly populate the JFC zone withq >

2.5 AU, and the contribution to the inner zone is negligib
We can expect∼143 Hilda asteroids with a diameter grea
than 1 km to be at present among the population of J
with q > 2.5 AU. However, the expected number that mig
be recognizable as active comets should be smaller, bec
comets are active only for a small fraction of their dyna
ical lifetime (only 5–20% of their dynamical lifetime). S
it could be the case that almost all the kilometer-size Hil
were dormant comets. Whether this occurs depends on
physical lifetime, the instant of escape from the resona
and whether the escaped Hildas contain enough volatile
become active comets.

5. Other dynamical routes of escaped Hildas

Of the 391 objects that left the region of the Hilda a
teroids, some of them follow some remarkable dynam
paths:

• The Shoemaker–Levy 9 (SL9) case: Comet Shoemaker
Levy 9 (SL9) struck Jupiter in 1994 after its break-
in 1992, 2 hours after its perijove passage (at a dista
less than 1.62 jovian radii). There is not a generali
consensus about its physical composition. It could h
been an asteroid or a comet. Dust tails from the fr
ments were observed, but there was also evidenc
outgassing. Leaving this point aside, we focused ou
tention on the dynamical aspects of the problem.Benner
and McKinnon (1995)calculated the pre-capture orbit
elements of SL9. They found two possible pre-capt
orbits because of the chaoticity of the encounter w
Jupiter. The orbital elements of these two possible
bits, extracted from that paper, are shown inFig. 6. In
order to identify those groups we have named the gr
of orbital elements in the zone near 4 AU (filled squar
Z1, and the group near 6.5 AU (empty squares) Z2. In
the same figure the curves that define the JFC zone
the Hilda asteroids (dots) are also shown.Figure 4shows
the Z1 group of pre-capture orbital elements of SL9
could be seen that this set of pre-capture elements o
laps the space of orbital elements occupied by esca
Hildas. The other set, Z2, is outside the JFC region.

at first, by virtue of the Z1 overlapping, we can say that
an escaped Hilda asteroid could have been the paren
body of the fragments that struck Jupiter a decade ago.
piter family comets 87

e

Fig. 6. Pre-capture orbital elements of Shoemaker–Levy 9. The fi
squares correspond to the Z1 group of orbital elements in the zone
4 AU, and the empty squares to the Z2 group near 6.5 AU. The curves rep-
resenting aphelion distancesQ = 4.61 and perihelion distancesq = 5.42
define the JFC zone. The Hilda asteroids (dots) are also shown.

In our simulation 8% of the escaped Hildas imp
Jupiter. So, the rate of collision on Jupiter of Hil
asteroids with a diameter greater than 1 km is 8.8 ×
10−6 year−1, i.e., one impact on Jupiter every 110,0
years. For objects larger than 0.5 km we would have
impact every 22,000 years. However, if an object pas
inside the Roche radius of Jupiter, i.e., at a distance
than 2.5 jovian radii from the planet, as the SL9 did, t
tidal force of the planet could fragment it. Then, by tid
dissipation, those objects could reduce their planeto
tric semimajor axis and hit Jupiter. From our simulatio
there are 55 escaped Hildas that have at some time
centric distances less than 2.5 Jupiter radii, being 1
of the escaped particles. So, actually, Hilda astero
with diameter greater than 1 km would impact Jup
every 65,000 years, and those greater than 0.5 km e
12,500 years.

• There is one escaped Hilda that behaves as a tr
neptunian object. It experiences successive encou
with Jupiter, Saturn, and Uranus until it enters under
gravitational control of Neptune, living as a scatter
disk object for 3.6× 108 years.

• A frequent state of escaped particles is the pass
through Kozai resonances.

• Hilda asteroids fulfill the conditions required to be
possible source of water on Earth. They can surviv
the resonance for the age of the Solar System, so the
t
a continuous source of fragments that can be delivered to
the inner planetary zone after the time of planet forma-
tion. The accretion of the terrestrial planets was essen-
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tially completed in 108 years(Wetherill, 1985), leaving
it free of megaimpacts that could volatilize the icy m
terial previously accreted. On the other hand, the cen
parameter that allows us to rebuild the origin of wa
in the Solar System is the water Deuterium/Hydrog
(D/H ) isotopic ratio. It has been suggested that com
could have been an important source of terrestrial
ter. However,D/H ratio has been measured in thr
comets, and an average value of 3.16× 10−4 has been
found(Delsemme, 1999), while for the oceans we hav
D/H = 1.56× 10−4, half the value observed in come
Delsemme (1999)has argued that in the Jupiter zone,
high temperatures have depleted the water of deute
up to the value observed on the Earth.
But, asTable 1shows, the escaped Hildas have few
counters with the terrestrial planets, making evident
low injection of particles into the inner Solar Syste
(seeNH,q<2.5 in Table 2). So, the contribution of Hilda
asteroids to the water on Earth and also to the N
population is negligible, as conjectured byFernández
(2001).

• A passage through a mean motion resonance
Jupiter is a common behavior of escaped Hildas
particular, there are two particles in the 1:1 resona
with Jupiter for 150,000 years and 100,000 years res
tively. However, they are not exactly in the Lagrang
points L4 or L5.

6. Discussion

There are two main ways to approach the question
whether an object is an asteroid or a comet. One is
consider its physical and compositional characteristics,
other; its dynamical behavior. As we have already said,
spectra of comets and D-type asteroids are very similar.
fact that we do not have meteorites from the external zon
the asteroid belt is an obstacle to verify the icy composit
As asteroids have stable orbits and comets unstable
the question from the dynamical point of view favors t
distinction between them, but this is an incomplete view
the problem. As we have proved, Hilda asteroids behave
JFCs once they escape from the resonance. So, dynam
there is no distinction between them. The spectral simila
also puts them in equal conditions but, as we have alre
said, we do not know how many of volatile elements
Hildas have, and if they are able to develop activity.

Another possible link between JFCs and Hilda as
oids are some comets that lie just in the limits of
resonance. These are the cases of P/Gehrels 3, P/Ot
P/Helin–Roman–Crockett and P/Smirnova–Chernykh. T
have been or will be temporary satellites of Jupiter(Tancredi
et al., 1990), and this group was called quasi-Hilda

Kresák (1979). As is seen inFig. 3, the lifetime is long near
the borders of the resonance, so it is probable that objects ob
served in that zone are escapees from the resonance. If the
s 174 (2005) 81–89

,

,

a,

were, the activity observed on them reinforces the idea o
icy composition of Hildas.

On the other hand, the 3:2 resonance with Jupiter is a
stable zone, and so, the Hilda asteroids have stayed the
a long time, and could have slowly lost their superficial ic
by the distant action of the Sun. But it is a collisional act
population, so, the fragments produced by collisions co
expose their trapped ices and then escape like potential
perhaps ephemeral) comets. If we suppose that Hilda a
oids are really dormant comets, this population could b
source for JFCs. They could be active or dormant, dep
ing on their real composition and the time they have b
exposed to the solar radiation until they reach the observ
comet region.

7. Conclusions

Our study reveals that∼143 Hilda asteroids could be
any time within the JFC population withq > 2.5 AU. The
mean lifetime in that region is of 1.33× 106 years. Almost
all the escaped Hildas pass through the dynamical re
occupied by JFCs, and the mean dynamical lifetime th
is 1.4 × 106 years. The most abundant taxonomic class
the Hilda group is the D-class, with more D asteroids w
small diameter. Then, as escaped Hildas are fragment
sulting from a catastrophic collision, it is more probable t
the escaped objects are D types. This is the most prim
class and the most similar to comets. One of the two se
pre-capture orbital elements of SL9 obtained byBenner and
McKinnon (1995)overlaps the orbital elements of the Hild
in the JFC zone, supporting the idea that it could be a H
asteroid. The contribution of Hildas to the NEO populat
is negligible.
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