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Abstract. In this work we investigatethe degreeto which large asteroidfamily fragmentscould

be scatteredy closeencourterswith the four mostmassve asteroidsn the Main Belt (1 Ceres, 2

Pallas, 4 Vesta, and10 Hygiea). We performedN-body simulationsover 500 Myr of memberof the
AdeonaandGefionfamilies.While closeencounterseemnunableto significantlyalterthe semimajor
axis distribution of thesetwo families’memberssingle asteroidscan be significantly moved from

their original positions.Theseobjectsmight be classifiedasinterlopersif only basedn their current
valuesof apparehejectionvelocity.

1. Intr oduction

Asteroid families are generdly believed to resultfrom the bre&-up of a parent
body, with the smallest fragmens traveling the furthestfrom the cluster’s certer
(Cellinoet al. 1999. Oneproblemwith this scenaio is thatthe ejedion velocities
inferred for fragmerns from their obseved dispersiasin their current proper or-
bital elemens seemto be consstently highe thanthose predictedby collisions in
laboraory experimentsandhydrocdesimulations(Fujiwaraet al. 1989 Benzand
Asphaugl1999. In addtion, larger fragments(R > 10 km) shav atypical “noise”
or stochastigty in their ejedion velodty fields of 30 m/s (Aa of abou 0.01AU in
the cental Main Belt, V. Zappda 2001, private communicéion). Theseproperties
may be explained if family memberswerelaundiedwith low ejectian velocities,
andthendiffused to their current locatons. The Yarkovsky effect, i.e. the parial
recoil thatoccursassola radiaion absrbedon asmallastepid is asymmetrcally
re-emitte in the infrared band could possbly be respamsible for someasterad
mobility in propea elementspae. This effectis, however, basially negligible for
asterads with diameersof 50 km andgreate, andmoreor lessineffective for bod-
ieslargerthan20 km. Therefae, the Yarkovsky effect canrot provide the mobility
needel to dispersethe largest family members

Herewe invedigatethe degreeto which large asteoid family fragmeris coud
be scatteed by close encounterswith the four most massve asteoids (1 Ceres,
2 Pallas, 4 Vesta, and 10 Hygiea). We performed N-body simulaions over 500
Myr of membersof the Adeora and Gefionfamilies. Thesefamilieswerechosen
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Figure 1. Histograms of changesin semimajor axis of 30 particles integrated over 100 Myr
under the influenceof a) all 682 asteroids of radius larger than 50 Km, b) 1 Ceres, 2 Pallas, 4
Vesta, and 10 Hygiea, and c¢) the remaining 678 bodies.

becasethey seemto resultfrom a spheically symmetic ejecton veloctty field
andthey areclose to 1 Ceres, thelargestastepid.

To leam how muchof the semimajo axis mobility is dueto close encouwnters
with thesefour large astepids, we ran a 100 Myr integration of 30 testpatticles
in the centrd Belt (a=2.6-28 AU, e=0.], i=0-15") under the action of i) all 682
asterads of radus larger than50 km, ii) 1 Ceres, 2 Pallas, 4 Viesta and 10 Hygiea,
iif) the remainirg 678 asteoids larger than 50 km. To get our resuts, we used
a Monte Carlo code capalbe of statidically treaing A V changes produced by
closeenmuntes betweentest bodies and large asteoids (Greerbeilg 1982). The
gravitational interaction betweentwo closely approacting bodes is modellad as
a two-bady hypembolic encounter While this apprach is unalle to account for
secula effects andvery closeencounters(Dones et al. 1999, we beliewe thatit is
still reasmableto comparethe relative importarce of gravity assiss from the four
largest asterads with those from the remaining 678 bodeslargerthan50 km. The
changesin semimajo axis of the 30 partidesarerepatedin figure 1 in the three
casesWhile the four largestasteoids moved 25 partides by morethan10* AU,
with amaximumdisplacemenbf 1.2- 103 AU, theremainirg 678 asteoids coud
move only 2 pariclesby morethan10~* AU over thelength of theintegration We
therebre assumedhat the four largest astepids are the mosteffective pertubers
in the cential Belt, andneglectedall the other bodies larger than50 km.

Next, we submitedthetestpatticlesto the gravitational effect of the four giant
plandgsandthefour mostmassve asteoids. OurintegrationsranontheCornel Su-
pecompter, andemployed SWIFT-SKEEL (H. Levisonpersonalcommuni@tion),
which symplecticdly integratescloseencauntersbetwee a masséssparticle and
amassve body. This algotithm combnesa variantof the standird mixed-variable
sympledic method(MVS, Wisdom andHolman1991) with animproved version
of the multiple time-step methodoriginally developedby Skeel and Biesiadecki
(1994. Furthe detals canbefoundin Duncanet al. (1998.
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Figure 2. Time dependaceof averageda of membersof the Gefionfamily. Redlinesindicatethe
positionof meanmotion resonaneswith Jupiter the black line shaws the centerof the family and
theyellow linesthe 3-sigmalevel in averageda.

2. Results

FortheAdeoraandGefionfamiliesof asteoidsin thecentrd Main Belt we wished
to answertwo questions aboutthelong-termeffects of closeencainters:
— Cancloseencaintess prodwce a significant dispersionin semimajo axis of
family membersandbe ableto alterthe dynamial shape of thefamily?
— Whatis thetime behaior of chargesin semimajo axisfor membersf these
families?More predsely, if we express the stardarddeviation of chargesin a

with time as:
with a a paramegr depemling on theinitial dispasion,how doesp vary with
time?

We integrated84 membersof the Gefionfamily and 66 membersof Adeona
Membersof the Gefion family not only sweepthe sameregion of the Belt as
1 Ceres hut also shae the sameinclination This maximizes the probaility of
encounters,so we beliewe that the Gefionfamily shoud be the mostaffected by
this pheromenonin theentireBelt. Ourintegrationsranfor 500 Myr, and in order
to simply apprximatethe prope elemetns, we averaged the oscuating elemerts
with a running window of 10 Myr, anda shift of 1& yr (we call the resut of this
operdion averaged elemerts).

Variation in the standhrd deviation of averageda at the end of the integration
is lessthan 3% of the original value This canbe seenin figure 2, which repats
the time depandene of averagedsemimajo axis of GefionmembersThe black
line repregntsthe center of the family andthe yellow linesthe threesigmalevel.
While severd asteoidsaredispacedin a by valuesupto 0.013AU attheendof the
integration, thefamily shapds notsignificantly changed.If we plot diagransof the
log D veraus proper elementsat the beginning andat the end (triangle diagrams),
theglobal shagein ais notsignificantly altered.Overallthetriangles mayrepresent
the original velocity field, though it is alsoplausble that D < 20 km bodieshave
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Figure 3. Time depandenceof 3 for the memberof the GefionandAdeorafamilies.

had their initial orbits modified by collisions, closeasterad en®muntes, andthe
Yarkovsky effect.

About the secand quedion, plots of  veraust for the Adeonaand Gefionfam-
ilies arerepatedin figure 3. In agreenentwith Nesworny et al 2001, thatfound a
valueof (3 of 0.68for asteoidsin the cental Belt, we find thatchargesin a grov
fasterthanarandomwalk law sincethereareencouwnterswith repeatdgeometres,
asymmetrisin the pertubations,etc. Changesin semimajo axisarenotdescibed
by a simple power law, they appeato have amorecomplicatedrelation with time.
They alsodepem onthepostion of theasterad family in the Main Belt (we found
anaverggevalue for 3 of 0.72for Gefionand0.61for Adeong.

To corclude, close enmuntas with massve astepids have not significantly
changdthedistributionin a of thetwo simulatel families. They canhave however
played a role in stimulaing chaotc diffusion by injecting several membersinto
mean-motbn resorances therdy charging the shage in e andi of the families
andcanhave significantly dispacedafew asterads from their original postion, so
changng their appaentejection veloaty.
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