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Cratering rate on the jovian system: the contribution from Hilda asteroids
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Abstract

We study the dynamical evolution of the Hilda group of asteroids trough numerical methods, performing also a collisional pseudo-evolution
of the present population, in order to calculate the rate of evaporation and its contribution to the cratering history of the Galilean satellites.
If the present population of small asteroids in the Hilda’s region follows the same size distribution observed at larger radii, we find that this
family is the main contributor to the production of small craters (i.e., crater with diamgtesskm) on the Galilean system, overcoming the
production by Jupiter Family Comets and by Trojan asteroids. The results of this investigation encourage further observational campaigns,
in order to determine the size distribution function of small Hilda asteroids.
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1. Introduction remnant structures of numerous impacts. The recent images
obtained by the Galileo mission raise crucial questions about

Impact cratering has been a natural and common procesgh€ nature of impactor populations in the jovian system.
in the Solar System. The collision of bodies was a funda-  Z@hnle et al., 1998 (Z98), studied a number of popu-
mental and frequent mechanism during planetary accretion.lations that produced the craters on the Galilean satellites.
Although the impact rate has been decreasing as the Solar Ny discussed in detail the Jupiter Family Comets (JFCs),
System was stabilizing, we have a considerable amount ofUSing the numerical study of Levison and Duncan (1997).
evidence of an intense impact process in the past, for almostOther sources, like Long Period Comets, Trojan asteroids,
all the bodies of the Solar System. The impact process of the@nd asteroids from the main belt were also considered. Z98

inner Solar System has been vastly studied, mainly, trough/S0 @nalyzed the production of 10- and 29-km craters and
studies of lunar cratering. estimated ages for Europa and Ganymede’s surfaces.

To study the impact cratering history of bodies in the .Levison and Duncan _(1997) per.formedanumerical simu-
outer Solar System we have a natural and appropriate scelation where the dynamical evolution of 2200 massless par-
nario, the four Galilean satellites: lo, Europa, Ganymede, ticles was followed for Ix 10° yr, under the gravitational
and Callisto. lo has no known impact craters. Europa, is an |nf'lulen.ce of the'Sun and the four giant planets, from their
icy world crossed by a network of dark fractures. The exis- ongin in the'Kwper Belt. As a .by' product, they have cal-
tence of few impact craters suggest that geologic processe ulateq the impact rates of ?Cl'pt'c comets on the plangts.
are active today, and that it has a young surface. The larges n particular they found for impacts on Jupiter one colli-

Galilean satellite, the icy moon Ganymede, has a dark, heav->'o" te_zvert);] 4.00 ye?rs& thls Tﬁmper \INE:.S fo;gg by ddlrtehctly
ily cratered terrain with more recent brighter grooved terrain. counting the Impacts during the simufation. » USec Ihese

It also shows evidence of geologic activity, but its surface data to characterize the orbits of JFCs encountering Jupiter,

is very old, dating from the Late Heavy Bombardment or and using a Mont.e Car_lo mpdgl, sllmula_ted th? mteracyon
) 2o . of comets from this orbital distribution with Jupiter and its
earlier. Also Callisto is very old. Its surface is completely

: L satellites, determining the impact velocities and relative im-
saturated by craters. One feature unique to Callisto is the . . : .
pact probabilities with respect to Jupiter. They obtained that
at least 90% of the cratering on the Galilean satellites is
* Corresponding author. due to impacts by JFCs. Subsequently, Levison et al., 2000,
E-mail address: abrunini@fcaglp.unlp.edu.ar (A. Brunini). reevaluated the impact rates on the planets from ecliptic
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comets. They found that current impact rates on the giantlisional pseudo-evolution, in order to calculate their contri-
planets are actually about four times smaller than in Levi- bution to the cratering history of the Galilean satellites.

son and Duncan (1997). For Jupiter they calculated a value The paperis organized as follows: In Section 2 we present
of 6.3 x 10~% col. per yr or a collision every 1600 yr. So, the the initial conditions and the relevant results of the numer-
estimates done by Z98 for the Galilean satellites should beical simulation of the dynamical evolution of a sample of a
corrected by that factor. One uncertainty of those estimatesfictitious population of asteroids in the:2 mean motion

is the relative importance of inactive comets. In this sense, resonance with Jupiter. In Section 3 we perform the scaling
another correction has to be done to the rates, taking into ac-of impacts onto Jupiter vs. impacts onto the Galilean satel-
counta new estimate of the number of JFCs with 2.5 AU lites. Section 4 is devoted to studying the population of real
given by Bottke et al. (2002). Based on scaling the numbers Hilda asteroids and the rate of evaporation of the population
of inactive comets, rather than active comets, they obtaineddue to catastrophic collisions. In Section 5 we compute the
that the number of kilometer-size comets in the JFC region cratering rate on the Galilean satellites and the last section is
is a factor of 3 lower than the estimates done by Levison et devoted to the conclusions.

al. (2000). This factor directly affects the impact rates on the

Galilean satellites, reducing by a factor of three the impacts

by JFCs previously obtained. So the values in Z98 have to 2. Initial conditions and numerical simulation

be reduced by a factor of 12.

For the Trojan asteroids, Z98 consider the fact that after ~We have performed a numerical integration of 500 mass
Trojan asteroids escape from the resonance they follow anless particles under the gravitational influence of the Sun and
orbital evolution like that of JFCs. They stated that the ratio the planets from Mercury to Neptune, with the hybrid sim-
of trojans to all JFCs is /40, so depending on the Trojan plectic integrator EVORB (Fernandez et al., 2002). The ini-
mass distribution, they contribute at a 1-10% level to the tial conditions of the objects in semi major axis, eccentricity
craters on the Galilean satellites. and inclination were generated at random, but following the

With respect to the main belt asteroids, Z98 used the distributions of orbital parameters of the real Hilda asteroids,
analysis of Gladman et al. (1997) who studied the orbital taken from the asteroid data base of the Lowell Observa-
evolution of asteroids escaped from unstable resonancestory. The distributions in the space of orbital elements, i
Scaling the impacts on the Galilean satellites to the NEA are shown in Fig. 1. We are not interested here in the sta-
impact rate on the Earth, 298 found that the contribution bility of asteroids inside the 32 resonance, nor in the rate
of asteroids from the main belt to the cratering rate on the of the dynamical “evaporation” of the resonance, but in the
Galilean system is negligible with respect to the one by dynamical evolution the asteroids follow after escape from
JFCs. The well-known fact that the region of the main belt the resonance. At present, the main mechanism of evapo-
interior to the 3 1 mean motion resonance does not supply ration of the resonance is collisional evolution. Gil Hutton
asteroids to the external region of the Solar System (Fernan-and Brunini (2000) have shown that mutual collisions may
dez et al., 2002) is probably the reason for this low value. . . . 45
However, the contribution to the cratering of the Galilean ' real Hildas el
satellites by the external main belt was not analyzed in Z98, o4 o 35 |
and so we have focused our attention to this zone. oo 30

The Hilda group of asteroids is placed in the Zmean N 25
motion resonance with Jupiter. Taxonomically, they are o2 fg
mainly of P class and there are some D class, too. Their 10l
spectra may indicate mineralogies rich in low temperature y 51 .2
materials, such as carbon compounds, complex organics, o ° o’ . ; o LH9%s =
clays, water, and volatiles. The P and D taxonomic classes 39 %94 8% 402 39 894 398 402

real Hildus

i[deg]

. . 1 [AU] [AU]
are probably transitional objects, between the rocky aster- ‘ ‘
. . . . . 0.5 T T T 45
oids of the main belt and the volatile-rich comets in the test particles ol ]
. A . cle test particles
Kuiper Belt and the Oort Cloud. The Hilda asteroids are 04 1 35 L
an important population characterized by a great dynamical os 30
stability on its central zone where an asteroid can last forthe ; | %Mg@m e | $25 .
age of the Solar System (Nesvorny and Ferraz-Mello, 1997; o2 | é)%(%g =20 e
Ferraz-Mello et al., 1998). However, this thin zone is sur- &%ﬁﬁgﬁ%
rounded by a strongly unstable boundary, where the char- 01 Rt
acteristic permanence times are very short. Therefore an o - o
asteroid entering in these zones is quickly ejected from the ~ 3? 201 [AEIQS 402 39 84 [AS}QS 4.02

resonance.
In this paper we study the dynamical evolution of Hilda Fig. 1. Orbital elements of the real population of Hilda asteroids and distri-
asteroids escaping from the resonance and performed a colbution of the same elements of our fictitious test particles.
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change the orbital elements of stable Hilda asteroids, mov- Table 1
ing them to unstable regions, where they can escape shortlySatellite data and impact velocities

after. In addition, a collision also changes the critical angle lo Europa Ganymede Callisto
(Ferraz-Mello, personal communication). For this reason, 4 5.9 9.4 15.0 26.4
the initial longitude of the perihelion, ascending node and rs 1820 1570 2630 2400
mean anomaly were generated at random, So our test parti2s 24;130 . 193124 15712-31 120 i-g .
cles are not, in general, resonant objects, but representatm%imp 8.6 3.7 19.1 145

of fragments recently.moved from th(éi)r original stable or- NsatNaupter 1.32x 104 632x 1075 117x 104 593x 105

bits. The sample W_as mtegrated fox1l yr', X . ag: semi major axis of the satellite [jovian radiits: satellite geometri-
After the total “m_e span of the nlumerlcal m'_tegratlon, cal radii [km]. vy satellite orbital velocity [kms1]. vg: mean velocity of

nearly 80% of the objects left the region of the Hilda aster- Hilda asteroids when they intersect the Galilean satellite orbit [kh.s

oids. In the way we have generated the initial conditions, this vimp: mean velocity of impact onto each Galilean satellite [kmjs

number cannot be interpreted as representative of the rate of¥sa Naupiter rate of impacts onto each Galilean satellite/rate of impacts

dynamical evaporation of the Hilda group, and in fact it will  °™ JUP1er

be not used in our further calculations. In Section 5 we will _ o o

analyze the evaporation rate of the Hilda group in detail.  Ple regions). We have not observed statistically significant

The information extracted form the simulation that will  differences. _ _ _
be used in our further calculations is the following The velocity of impact on the Galilean satellites was
computed assuming that the geometry of the collisions is

1. 8% of the objects leaving the resonance end up impact_isotropic. In this situation, if the satellite orbital velocity
ing Jupiter. By comparison, the fraction of Jupiter Tro- IS Us, the most probable collision velocity may be computed

jans that, after leaving both the L4 and L5 swarms, end as

up colliding Jupiter, is only of about 2% (Fernandez and S \/m 1)
Mallada, personal communication, 2002). It is also sig- " s TR

nificant compared with the 2% of JFCs that hit Jupiter whereuvg is the mean velocity of Hilda asteroids, when they
in the Levison and Duncan (1997) simulation. intersect the Galilean satellite orbit.

2. The relative velocity of impact between escapees from  The values of the collision velocities, listed in Table 1,
the Hilda region and the Galilean satellites. Rather than are very similar to the ones computed by Z98 for impacts of
using any approximation, it was possible to compute it Jupiter family comets onto the Galilean satellites, and differ
directly from the simulation. We have recorded posi- only in about 10%.
tions and velocities relative to Jupiter in abouk30*
close encounters at less than 2 Hill radii, at very small
time steps. Therefore, it was possible to obtain the rela- 3. Impact rate on the Galilean satellites
tive velocity of the objects with respect to Jupiter when
they were at a distance from the planet comparable to  Itis possible now to obtain the probability of impact on
the orbital semi major axes of the Gallilean satellites. We each Galilean satellite, relative to probability of impact onto
have defined spherical shells centered at Jupiter, with aJupiter. In principle, there are several ways to compute these
mean radius equal to the orbital semimajor axis of each values, and we follow the very easy procedure derived by

Galilean satellite, and with a half width of abati§% of ~ Harris and Kaula (1975). The relative impact rate is given
each satellite physical radius. As the geometry of the en- by

counters within 2 Hill’s radii of Jupiter is near isotropic, - 2

the mean velocity of all the objects entering these shells & = (r_‘> <M> (2)

are representative of the typical relative velocity when Nbplanet p 1+29

the objects intersect the orbit of each one of the Galilean wherer, andr), are the satellite and planetary radii, respec-
satellites. The values so obtained are summarized in Ta-tively, andé is a dimensionless parameter first introduced by
ble 1. Varying the 5% threshold from 1 to 10%, only Safronov (1969), whose expression is
affects the dispersion of the means, but the means them- Gm

P

selves vary by less than 3%. 0=—3,
TpUs

3)

As our initial conditions have been not generated inaway wherem, is the planetary mass; the constant of gravi-
self consistent with a collisional process, we have repeatedtation, andv,, is the relative velocity of the objects when
our calculations dividing the sample of escaped particles in entering in the Hill's sphere of the planet. In our case, it
two subsamples: one with the particles escaped during thewas possible to compute this relative velocity, in a fashion
first 500 Myr, and a second subsample with the ones escapediery similar to the one used to compuitg, being v =
during the last 500 Myr (i.e., those particles from more sta- 5.45 kms 1, which is very similar to the value for Jupiter
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family comets obtained by 798, af, ~ 5 kms™1. There- R
fore, as the only different parameter entering in Eq. (1) for al ]
these two populations is the relative velocity, we would ex-

pect very similar results for the probability of impacts on S3f. ]
Jupiter for Hildas and JFC. The values Bfay/ Nupiter are <

shown in Table 1, where it is possible to observe that the ot ]
relative differences with the values shown in Z98 (in their

Table I) for JFC, and obtained by means of a more sophisti- 1 ]
cated Opik formalism, are less than 6%.

0
0051152

log (D[k
4. Hilda population og (D[km])

Fig. 3. Population of all known Hilda asteroids. The slope of the least square
As of October 31, 2002, 814 Hilda asteroids were cata- fit to the relation between Ig@/) and log D) is ¢ = —2.11+ 0.008.

loged in the asteroid data base of the Lowell Observatory
(http://asteroid.lowell.edu From this sample, a subsample
of 35 asteroids have had their diameters estimated. Fig. 2
displays the relation between the diameferand the cata-
loged absolute magnitudé of this sub-sample. Also shown
in Fig. 2 is a least square fit of the form

ing thatg is not too sensible to the upper limit included in
the sample.

Extrapolating to smaller diameters with this exponent, we
obtain a total population of Hildas larger thdp = 2 km
(i.e., radiusr = 1 km) of about 25000 asteroids, which is
log D(km) = s H + b, (@) gbout 8% of the estimated popu_Iation at the L4 and L5 Tro-

jan swarms, of about.3 x 10° objects (Jewitt et al., 2000).

wheres = —0.189+ 0.01 andb = 3.673+ 0.14. Extrapolat-  As it is the case for Trojan asteroids, there is no generalized
ing this fit to the whole sample (i.e., assuming that the mean consensus about the Hilda population at small diameters, and
geometric albedo does not change with size), it is possible a smaller population than the number quoted above is pos-
to estimate the diameters of the entire population. The cu- sible (Davis et al., 2003). Therefore, more observations are
mulative number of objects with diameter greater tha) needed in order to shed light on this question.
N(> Do), is shown in Fig. 3. Although the sample at very With all these information at hand, it is possible now to
large sizes should not be included, since it has not been af-compute the diameter of a simple crater produced by objects
fected by collisional evolution, it is possible to perform a from the Hilda region. We have used the same expressions
unique power law fit to the cumulative number of objects recommended by Schmidt and Housen (1987). They propose

of the sample, up t® ~ 12 km, of the form to use the scaling relation

g 0.26 0.073
N (> Do) x Dg, %) 4, — 1.4< my > <&> g_o_22v0.44 cm (6)
revealing that the observed sample is complete up to this di- 2ps Ps soom

ameter, a result already reported by Davis et al. (2003). Thewherema and p, are the mass and density of the impactor

best fitis obtained fog = —2.11i0.008,which agreeswith  {hat we have assumed to be 2.5 gSnp, is the density of
an outcome of a collisional cascade. Roig et al. (2002) have o target and, its surface gravity. It is worth noting that

performed a similar study, found= —2.17. Itisworth not- e crater diameter is rather insensitive to the bulk density
adopted for the projectile. This expression is to be evalu-

22 A 55\' ] ated in cgs units. It is worth noting that the uncertainty in
*‘?\ crater diameter for a given impactor is probably about 30%.

2t Qo . We have also included an additional correction for complex
g ‘@%o craters, because larger craters are considerably shallower
S 18r¢ o %o . and wider than the simple crater described by Eq. (6). For
& Q% crater diameterg, > d. predicted by Eq. (6), the final crater

1.6 5 @‘%\ 0 diameter is computed by (McKinnon et al., 1991)

14 f d = d113q-013, 7

7 8 9 10 11 12

whered, is the transition between simple and complex crater
magnitude H

structure. Following Chapman and Mc Kinnon (1986), we
Fig. 2. Known Hilda asteroids with well determined diameters and the least adopte_d a Value. C.HU =_4 km for craters on Ganymedet' Th_e
square fit of the relation between the absolute magnitidgmd the diame- numerical coeff|C|e.nt In Eg. (6) was computed considering
ter in km. the most probable incident angle o0f*45
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Table 2 whereSy = 3x 107 ergcnt3, G is the gravitational constant
Population of Hildas capable of producing craters with 10 km andk is a dimensionless parameter, that we have adopted,
Satellite mg D, N(> Dg) following Davis et al. (2003), equal to one.

lo 1.86E+14 0.522 & 10P Then the catastrophic collision probability per unit time,
Europa 3.68E+13 0.304 1310° of an asteroid of radius, is

Ganymede 5.72E+13 0.352 ¥010° o

Callisto 8.10E+13 0.396 8 10° )

Population of Hilda asteroids capable of producing craters avith10 km P(ra) = Fi / (ra +1)°n(r)dr, (10)

as computed from our cumulative size distribution function, is the rp

minimum mass [g] of a Hilda asteroid capable of producing a crater of . . . . .
d = 10 km on each one of the Galilean satellif2, is the corresponding ~ WNereérmax is the largest object in the populatioR; is the

asteroid diameter [km], assuming a bulk density of 2.5 g&mV (> Dy) is intrinsic probability of collision andu(r) is the differen-
the number of Hilda asteroids larger than this diameter. tial size distribution of the population. For the case of the
Hilda asteroids, we have obtainedr) « r—311. For the
Table 2 shows the estimated population of Hilda asteroids Hilda asteroids we adopte#; = 0.65 x 10718 km=2yr—1
capable of producing craters&f> 10 km on each one ofthe  (Gil Hutton and Brunini, 2000). These set of values are
Galilean satellite. different than those found by Dell’Oro et al. (2001), i.e.,
P, =1.93x 1018 km2yr-1 andv = 3.14 kmsL. These
differences probably arise from the different methods of
5. Rate of evaporation of the Hilda aster oid resonant computing them. Nevertheless, a computation with this set
group by coallisions have not offered noticeable differences in our final results
(within a 7%). It is probably due to the fact that a higher
Hilda asteroids from the stable zone may reach the un-intrinsic probability of collisionP; is partially compensated
stable boundary of the resonance following some dynamical by a lower typical collision relative velocity. Per unit time,

route. In general, these routes of diffusion are very slow, the number of asteroids of radiusreceiving a catastrophic
and the evaporation rate of the resonance is very slow t00.collision is given by

However, the Hilda asteroids form a population subject to a

strong collisional evolution. As for Trojans, exchange of im- Neol(ry) = N (1) P(ra), (11)

pulse during collisions is the most efficient way to reach the whereN (r,) is the number of objects with radius

unstable regions of the boundary of the resonance and escape The ouicome of a catastrophic collision is a.number of

m?alts';;‘ffgrféf@% %rglp:\tiItuhtieo;aioogeelvshp(ﬂﬁlgg 2;}26 fragments, distributed in an incremental size distribution of

ied. As our interest is limited to compute the present rate of the form

evaporation, we have performed only one step in the processy (> ) ocm =7 (12)

of collisional evolution of the population, following the pre- .

scriptions of Davis et al. (2003) and Gil Hutton and Brunini (Greenberg et al., 1978; Zapala et al., 1984; Fujiwara et al.,

(2000), i.e., a sort of a collisional “pseudo-evolution,” where 1989), whereN (> m) is the number of fragments having

the population is considered in steady state. In a real col-Masses larger than. The exponenp is a function of the

lisional evolution, the population evolves, therefore we are Mass of the largest fragment normalized to the mass of the

considering that this evolution is at present slower than the original bodym,. Equations (8) to (12) allow us to com-

relevant time scales involved in our problem. pute the number of fragments larger than a given diameter
To study the collisional evolution of the Hilda popula- Produced in the Hilda region by unit time. However, only a

tion we will look for catastrophic collisions, which as usual, fraction of the fragments can escape the gravitational attrac-

are defined as the collisions where the largest piece resultingtion of the largest body and eventually, if the velocity is high

from them contains 50% or less of the initial target mass. enough, can also escape from the resonance. The cumula-

The radius, of the smallest projectile capable of shattering tive velocity distribution of the fragments is modeled with

a target with radius, is (Davis et al., 1989) the usual formulation (Gault et al., 1963)
45 \ 13 ~ - -9/4

r,,=ra><< 2) , @ V=0 (13)
LPaV

f(> V) is the fraction of objects moving faster than,
wherep, is the density of the asteroid,= 4.6 kms! the and Vj is a lower cutoff for the fragment velocities, which
collision velocity (Gil Hutton and Brunini, 2000) between is obtained from the energy partitioning coefficient defined
Hildas, andsS is the impact strength. For this last parame- as the fraction of the collisional kinetic energy which goes
ter, we used the energy scaling algorithm recommended bywith the fragment motion, and is often taken to be between

Davis et al. (1994) 1 and 10%. We have adopted the conservative value of 2%,
Ak Gp2r2 although we have carried out experiments exploring all the
S =S8+ ——", 9) range of possible values not obtaining too different results.

15
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To compute the number of fragments escaping from the res-Table 3
onance, we adopted the same prescription as in Gil HuttonCratering rate for craters with#l 10 km

and Brunini (2000). If the fragment acquires a smallimpulse, , - ,, [km] ¢t Ct Iyl ¢ty ¢ty
|t§ orbital veIocny changes a small amouxv'. In this situ- 04 21 % 107 15x 107 11x 10 26 x 107
ation we can write, by means of Gauss’ equations 0.6 69 x 107 4.9 x 107 36 x 107 89 x 107
2 0.8 16x108  12x10®  84x100  21x10®
Aa=—AVr, (14) 1.0 32 x 108 23x10° 1.6 x 10° 41x10°
n i . o 15 11 x 10° 7.7 %x 108 55x 108 1.4 x 10°
where AVr is the component oAV in the direction of (JFC) 26 x 107 15 % 107 1.0 x 107 26x 107

motion, a is the semimajor axis of the fragment ands Y , ) ) .

the mean motion. From Ferraz-Mello et al. (1998) we ob- C~*: Mean interval between_ impacts on t_he GaI|Ie_an satelllte_s_ln years,
X R K capable to produce craters wifh> 10 km.r, is the radius of the minimum

tain Aa ~ 0.05 AU as the half width of the stable region, (arget considered to be member of the Hilda population. The last row are

therefore, a fragment originally placed at the center of the the mean intervals between craters with- 10 km computed by Z98 for

resonance can reach its unstable boundaries if its velocity isJFC, and corrected by the factor of 12.

incremented by an amount &V; > 0.094 kms!. If the

relative velocities of collisions betvye_zen the projectile and o5 56 this is the main uncertainty factor in our calcula-

the target are assumed equally partitioned between the thre‘?ions

components, the ejection velocity needed to escape the res-

onance isAV > 0.163 kmsL. It should be compared with

the ejection velocity obtained by the same procedure for the

Trojan asteroids, which is of 0.65 km? i.e., four times

higher than for Hilda asteroids, revealing that the Trojan

population is dynamically more stable against collisions.

Equations (8) to (14) are therefore the relations that allow
us to compute the rate of production of fragments larger than
a given diameter escaping from the resonance as a result o{
the collisional evolution.

Cratering collisions should also be considered, although
the exchange of impulse during this kind of event is less ef-
fective to produce ejection from the resonance. It is worth
noting also that in this case only one object (if any) can
escape from the resonance at each collision, so the contribu
tion from this regime to the cratering history of the Gallilean
satellites should not be important.

It is worth noting that we are considering that the Hilda
population follows the same cumulative size distribution
function up to very small diameters. Not only the diame-
ters of the small targets but the much smaller diameters of
the smallest projectile capable to shatter them. For example,
the diameter of the smallest projectile capable of shattering
an asteroid oD =400 m is of abouD =20 m.

However, the current observational cumulative size dis-
ribution function of the Hildas shows a break of the slope
in D =12 km (see Fig. 2). The small width in semimajor
axis of the resonance, and the low escape velocity from it,
means that small fragments produced by collisions closer to
the boundary of the resonance can easily escape. This could
produce a depletion of the Hildas size distribution for low
diameters and a permanent loss of small fragments, (Gil Hut-
ton and Brunini, 2000). On the other hand, the collisional
evolution produces small objects from greater ones, so this
could balance the low diameter depletion.

However, a high collisional activity at present seems to
be not compatible with a collisionally relaxed population.

With all this information at hand it is possible to compute Therefore, following Davis et al. (2003) we assume that the
the rate of production of fragments escaping from the Hilda change of slope observed Bt~ 12 km is due to an obser-
swarm, and Capab|e Of producing craters |arger than a givenvational Selection, and Under thIS aSSUmption (i.e., that the
diameter on each one of the Galilean satellites. We assumé‘“ldas follow the same size distribution at smaller radii), the
that after escaping from the resonance by collisional evolu- crater production from Hilda asteroids is Comparable to the
tion, the asteroids will follow a dynamical evolution similar ~ rate of production by Jupiter Family Comets. We give our
to the one obtained in our simulation (see Section 2). There-results in terms of the smallest target considered in the colli-
fore only 8% of the fragments escaped from the resonancesional evolution model.
will end up impacting Jupiter, and only a small fraction, ~ Europa has only 27 known craters with> 4 km (Moore
which is given in Table 1, willimpact a given Galilean satel- et al., 2001). Although Bierhaus et al. (2001) states that the
lite. As we have computed the rate of escape form the Hilda vast majority of small craters are secondaries, probably all
region in the preceding section, it is possible to compute the craters larger than 2 km are primary craters. &e; 4 km
rate of impact on each one of the Galilean satellite. The rate seems to be a safe election for primary craters. In Table 4
of production of craters(), larger than a given diameter, We give the same information than in Table 3 but for craters
may be now computed from the expressions given in Sec-with d > 4 km. It is possible to see that different considera-
tion 4. tions regarding the population of the Hilda group at smaller

The results of these calculations are shown in Table 3 in diameters may change substantially the determination of the
terms of the smallest target diameigito which the size dis-  age of Europa’s surface features, although in any case it is
tribution function at larger diameters may be extrapolated, very young.

6. Crateringrate
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Table 4
Cratering rate for craters with gl 4 km 12 E ]

. . . . i<
r>rafkm] €7ty Cztyl Cgt byl Cot Iyl 5 10k ;
0.2 25x10°  23x10°  16x10°  41x10° 2
0.4 20 x 100 1.8 x 100 1.3 x 100 3.3x 10° E 8t ]
0.6 67x10°  62x10°  44x10®  11x10 N ]
0.8 16 x 107 1.5x 107 1.0 x 107 2.6 x 107 2
1.0 31x100 29x10’  20x107  51x10 § 4t ]
2.0 25 x 108 2.3x 108 16x 108 4.1 % 10° <
3.0 83x 108  77x108  55x108  14x10° 2t H . ]
“—1. . . . . 0 1 I 1 1 L L 1
C™*: Mean interval between impacts on the Galilean satellites, capable to 0 5 10 15 20 25 30 35 40

produce craters witd > 4 km.
Time elapsed (1 o* y)

We want to mention that the last rows in Tables 3 and 4 Fig. 4. Distribution of the time elapsed after escape from th2 @sonance,
should be taken with caution, because the time intervals areup to the collision with Jupiter, for 31 asteroids from the simulation, with
too long as to neglect the evolution of the Hilda population this end-state.
due to collisional evolution.

It is worth noting that two stable populations relatively ing Jupiter ¢~ 8%) during the relatively short time interval
isolated from the main asteroid belt (i.e., Trojan and Hilda of some 16 yr. If some signature of this kind of process is
asteroids), have such different contributions to the cratering found on the surfaces of the Gallilean satellites, it would fur-
rate of the Galilean satellites. The population of Trojans is nish important clues regarding the past history of the Hildas.
probably 13 times the population of Hilda asteroids, how-
ever:

7. Conclusions

e The intrinsic collision probability for Hildas is 2 times
higher than for Trojans (Gil Hutton and Brunini, 2000), We have found that the Hilda asteroid population could be
s0, although the Hilda region is 13 times less populated the main source of small impact craters on Jupiter satellites,
than both Trojan swarms, collisions are only/23- 6.5 even overcoming the contribution from JFCs. From our nu-
times less frequent than among Trojans. merical simulations of the dynamical evolution of fictitious

e Another factor of ¥2 must be considered, because the Hilda asteroids, we have obtained that 8% of the particles
Trojans are occupying two almost independent groups that leave the resonance hit Jupiter. None of them hit the
(i.e., the L4 and L5 swarms). terrestrial planets. In contrast, 298, based in the numerical

e The fact that the escape velocity of Trojans is four times Simulation made by Gladman et al. (1997) about the dynami-
the one for Hildas, makes it more difficult a fragment cal evolution of objects in asteroid belt resonances interior to
to escape from the resonance (the Trojans are more sta3-5 AU, demonstrated that the main asteroid belt contributes
ble than the Hildas against evaporation due to collisional & negligible fraction to the Galilean satellite cratering. One
evolution). could say that the cratering history of the inner and outer

o Numerical simulations of the dynamical evolution of the Solar System is different, and the fact that a compact pop-
Trojan swarms (Fernandez and Mallada, 2002, personaIU|a“0” such as the Hilda family could be the main source

communication), have shown that only 2% of escaped responsible for the production of small craters in the zone of
Trojans impact Jupiter. This is a low value compared Jupiter, makes us think that the catering histories of bodies

with the 8% for the Hildas. of the outer Solar System have to be separately analyzed.

All these factors together make the Hilda contribution to
the cratering rate on the Galilean satellites to be 4-5 timesAcknowledgments

more important than the one due to the Trojan asteroids. knowledae th by th . fisi
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objects that impact Jupiter do so in less thax 80* yr improve the manuscript.
after escape from the resonance. It represents a very short

time as compared with the 40 Myr that typically spends
a comet to travel from the Kuiper Belt to the Jupiter region
(Levison and Duncan, 1997). We could speculate that af- Bierhaus, E.B., Chapman, C.R., Merline, W.J., Brooks, S.M., Asphaug, E.,
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