Inversionof cometarydusttail imageswith Af
time-dependentonstraints

Fernanddvioreno

Institutode Astrof sicade Andaluca (CSIC)
CaminoBajo de Huetor, 50
18008GranadaSpain

1 Intr oduction

Theinversionof cometarydusttails providesanexcellentmethodto in-
fer relevant physical parameter®f comets,suchas particle velocities
size distribution, dust massloss rate, and their temporalvariation [1].
The methodoriginally developedby Fulle [2] involvesthe inversionof
theoverdeterminedinearsystemAF =1, whereA is the kernelmatrix
containingthe modeldusttail, I.e., the surfacedensityof the sampling
particlesintegratedovertime andl (theratio of pressureadiationto
solargravity forces,which dependsnverselyon particlesize),F is the
outputvector whichcontainghetime-dependert  distribution,andl
IS theobsenredsurfacebrightnesof theimagein aselectedegion of the
(N; M) photographiglane. Owing to the ill-posednatureof the prob-
lem, anumberof regularizingconditionsareusuallyaddedo the systenj
of equationsn orderto nd physically meaningfulsolutionsof thevector
F, sothatthe derved dustlossratesvary with heliocentricdistancead
r 2, andthe particlesizedistribution function vary smoothlywith time.
However, therearemary cometsfor which asymmetrigoroductionrates
aroundperihelionhave beendetected3], sothatsuch“symmetric” reg-
ularizing conditionswould not apply In addition,thosecometswhich
experiencesudderputlurstsof actvity, suchas29P alsoconstituteclear
examplesof theinadequay of suchregularizingconditions.In thiswork,
we shov a differentmethodto constraintthe solutionto the systemof
equationdasednthetemporalevolution of the Af [4] quantity

2 Constraints basedon Af (t)

The systemof equationsAF =l wassolved by the algorithmdescribed

In [5], thatallows to Iimposelinear constrainton the solutionvector of
anoverdeterminedystemof equations.

Fulle [6] hasshavn thatthethe quantityAf maybewritten asa func-
tion of thevectorsolutionF andtheejectionvelocitiesas:

&t pF(t1 )

AP (1) = R3 @ n v(t 1 )d(1 ) (1)
wherer Is the cometheliocentricdistance,Ry IS the Sunradius, and
v(t; 1 ) Is thevelocity of the particles,which dependsn 1 and
the ejectiontimet. Theintegrationis performedn the selectedangeof
1 ,whichistime-dependent.

Theabove equation aftertransformingtheintegral to a discretesummat
tion, actuallyprovidesus with a linear constrainton the vectorsolution
F thatcanbeincorporatedisalinearconstrainivhensolvingthesysteny
of equationdAF =l . Then,if atemporalseriesof measurementsf Af

IS available,we shouldbeableto constrainour solutionvectoratthetime

Intervalsfor which thosemeasurement@regiven.
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3 Application to comet22P/Kopff

We have alreadyappliedthetechniquadescribedn section? to theinver-
sionof a setof comaimagesof comet29P/Schvassmann-\&&chmanril,
see|7]. Herewe will focusonthe applicationof the procedurgo some
very recentimagesof comet22P/Kopff obtainedat SierraNevadaOb-
senatory 1.52-mtelescopealuring last summer We obtaineda seriesof
Imagesduringthe nightsof July 30th, August14th,andAugust27th, at
cometheliocentricdistance®f 1.71,1.77,and1.83 AU post-perihelior],
respectrely. We useda R Johnsonlter, in combinationwith a CCD
camerahavinga FOV of 7.8 7.8" with aspatialscaleof 0.46"/px. The]
physicaldimensionf theimagesshown belov areaboutl.6 10° km.
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The Af measurementgere provided by the Spanishamateurassocit
ation CometasObs The input parametergoncerningthe time depent
denceof the maximumejectedparticle radiusand velocity are showvn
belon. Thevelocityisassumedobev/ (1 ). Forthispreliminary
applicationwe useda simplemodelof isotropicparticleejection,sothat
this cannotobviously fully accountfor the obsened asymmetryin the
coma.

INPUT MAXIMUM RADIUS AND VELOCITIES
22P /KOPFF Afp MEASUREMENTS (Cometas_Obs)
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Theobsenred (black)andmodeled(red) isophotesareshavn in the pre-
vious panel. The derved dustmasslossrates,andthe size distribution
power index for eachimageare shovn belonv. Owing to the Af con-
straints poththedustlossratesandthedervedsizedistributionfunctiong
( tted to powerlaw) from differentimagesdisplayvery similar behasior
with time. The asymmetryaroundperihelionin the productionratere-
ects theasymmetridoehaior displayedoy Af . In conclusiontheusq
of regularizingAf constraintoon the inversetail procedureconstitutes
a promisingtechniqueo interpretthe dustenvironmentfrom comets.
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