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Deeplmpact:ExcavatingCometTempel1
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DeeplmpactcollidedwithcometTempel1,excavatingacratercontrolledbygrav-
ity.Thecomet’souterlayeriscomposedof1-to100-micrometerfineparticleswith

negligiblestrength(

<65pascals).Localgravitationalfieldandaveragenucleus

density(600kilogramspercubicmeter)areestimatedfromejectafallback.Initial
ejectawerehot( >1000kelvins).Alargeincreaseinorganicmaterialoccurredduring
andaftertheevent,withsmallerchangesincarbondioxiderelativetowater.On
approach,thespacecraftobservedfrequentnaturaloutbursts,ameanradiusof3.0 *
0.1kilometers,smoothandroughterrain,scarps,andimpactcraters.Athermalmap

indicatesasurfaceinequilibriumwithsunlight.

Ourknowledgeoftheinteriorstructureof
comets,particularlyoftheevolutionofthe
outerlayersatsuccessiveperihelionpas-
sages,isalmostunconstrainedbydataand
reliesinsteadprimarilyontheoreticalmodels.
Thus,therelationofthecoma
tiontothesolidcompositionofthenucleus
isuncertain. TheDeepImpact(DI)mission,
inwhichaspacecraftwouldcollidewith
andexcavateacometarynucleus,wascon-
ceived,proposedto,andselectedbyNASA
toaddressthisverypoint( 1).DIdelivered
animpactof19GJofkineticenergytothe
nucleusofcomet9P/Tempel 1 ondJuly
atabout05:44:36UT(Earth-receivedtime
05:52:02UT).
Theprimarygoalsofthemissionwereto
determinethedifferencesbetweenthesurface
ofacometwithitsambientoutgassingandits
interior,whichmightcontainenhancedvola-
tiles,andtodeterminethestructuralproperties
andstrengthofthesurfacelayers.
DIconsistedoftwofullyfunctionalspace-
craft:animpactingspacecraftweighing364kg
(plus6.5kgofunusedhydrazinefuel, N LH
attimeofimpact)andaflybyspacecraftfor
observingtheimpactandrelayingdatafrom
theimpactor.Theimpactorusedanautonav-

’scomposi-
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igationsystemtoanalyzeimagesofthecomet
andtargettheimpactoratasiteonthe
nucleusthatwouldbeinsunlightandvisible
fromtheflybyspacecraft.Impactspeedwas
10.3km/s.Theimpactorwas49%copperto
minimizechemicalreactionswithwaterin
thecometthatwouldleadtobrightemission
features. Thetwospacecraftseparated24
hoursbeforeimpact,atwhichpointtheflyby
spacecraftdivertedtomissthenucleusby
500kmandsloweddownby100m/stopro-
videan800-sviewingwindowafterimpact.
At500kmbeforeclosestapproach,thefly-
byspacecraftfrozeinanattitudethatkept
itsdustshieldsintheproperorientation.
Afterpassingthroughtheinnermostcoma,
thespacecraftturnedandlookedbackatthe
comettotakeadditionaldata( 2, 3).Theevent
wasalsorecordedatnearlyalltheworld ’s
remoteobservingfacilities,bothground-based
andspace-based,toprovidemoreextensive
coverageinbothtimeandspacethanwas
possiblefromaflybymission(  4).

TheCometBeforelmpact

Thenucleus. Thecometwasobservedbythe
flybyspacecraftalmostcontinuouslyfrom
severaldaysbeforeimpactuntilimpactandat
4-hourintervalsforweeksbeforethenearly
continuousobserving.Inaddition,theimpac-
torobtainedimagesbeginningshortlyafter
releasefromtheflybyuntil ~4sbefore
impact. Theonlycometthathasbeencom-
parablywellstudiediscometHalleyatits
1986apparition.Figure1showsacomposite
ofseveralimagesfromtheimpactor, with
thehighestresolutioninthevicinityofthe
impactsite.
Theshapeofthenucleusisincompletely
determinedbecausetheslowrotationperiod,
40.7hours,andthehighvelocityoftheflyby
resultedinonlyslightlymorethanhalfthe
surfacebeingilluminatedandresolved. How-
ever,thenucleuswasinfullsilhouetteafterthe

flyby,backlitbyejectafromtheimpact,which
stronglyconstrainsthemeanradius.Images
fromthemediumresolutioninstrument(MRI)
covered ~25%oftheobjectwithsufficient
stereoconvergenceandresolutiontosolvefor
70controlpointsin43images,withanaverage
relativeuncertaintyof <30m.Thepositivespin
polewasdeterminedtobewithinl0  ° ofRA =
5°,Dec = 78°.T





















