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About Me
Jeff Mor genthaler

1988-19950ft X-ray instrumentation

— MIT CCD lab seniorthesis: Soft X-ray QuantumEf ciency of prototypeASCA CCD detectordMor-
genthaler1990)

— X-ray QuantumCalorimeter(XQC) soundingocket payloaddevelopmentMcCammonetal. 2002)
1995—Presersoft diffuseX-ray background|SM dataanalysis
— ShuttleSTS-54payload:Diffuse X-ray SpectrometefDXS) (Morgenthalerl 998;Sander®tal. 2001)

1997-2002Comet Hale-Boppdata analysisof optical emissionlines ([O 1] 6300 A, , OH 3080 A,
[C 1] 9850A: Morgenthaleetal. 2001,2002;Harrisetal. 2002;Oliversenetal. 2002)

1997—Preserib plasmatorusobsenations(Oliversenretal. 2001)

2002—Preserib plasmatorusdataanalysis
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Outline

Basics
— What: lo plasmatorus. o is the mostvolcanicbodyin the solarsystem.Kicks off stuff thatis
sweptup in Jupiters magneticeld.
— Where:aroundJupiterroughlyatlo's orbital radius

— When: we limit obserationsto a month period every 13 months(we get 2—8 weeksof
observingime ayear)

— Why: Unique (in solarsystem)sourceof plasmawithin a magnetospherdundamentauinder
standingof plasmaphysics,plasmainteractionwith moons,moonatmospheresits there”

— How: McMath-Piercesolartelescopestellarspectrographpts of computertime (MEF)
Whathave we learned?
— lo [O 1] emissiontracksmodelof plasmatorusdensity(Oliversenetal. 2001)

— lo [O 1] emissiorntracksothertorusactvity diagnostic{Oliversenretal., in preparation)
— Automaticreductionof 13 yearsworth of ground-basedatais hardbut notimpossible.
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lo: the moldy pizza
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Fig. 1.— Mercurycomparedo 7 large moonsof the SolarSystem(Kaufmann& Freedmari999).

Oneof thebig 7 moonsin the solarsystem
AboutthesamesizeasEarth's moon

Themostvolcanicbodyin thesolarsystem
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Volcanismon lo

Fig. 2.— Evidencefor volcanismon lo (http://calileo.jpl.nasa.g@images/io/ioimages.html).

Causedyy tidal forcesbetweeno andJupiterwhich aremaintainedoy orbital resonancewith Europaand
Garymede( and  periodof 10)

Materialreleased SO, SO
Directly or indirectly the primary sourceof 10's atmosphere

OtheratmosphericonstituentsS , S, O, Na, K, ClI, [NaCl], H
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lo Immersedin the Jovian Magnetosphee

Jupiters magneticeld

— tilted by 10 with respecto rotationaxis
— offsetfrom centerof rotationby 0.13R

— notasimpledipole
— rotatesevery 9.925hours

lonsboundlongitudinallyto eld linesbut freeto move in latitude
Centrifucal andmagnetidorcesbalancesotorustilt is 7

Flow of materialdovn magnetotaiinduceseast-weselectric eld

Varioustorusstructures:

— coldinnertorus:inwarddiffusion
— ribbonnearlo's orbit: highestdensity
— warmoutertorus: T =5 eV with long, hottalil

lo orbitsevery 42.5hours;ion whipsaroundandhits the othersideof lo at57
Plasmainteractionwith lo (andothermoons)is primaryatmospheridcossmechanism

In the frame of referenceof the torus, lo moves vertically and radially through
thesestructur es



Fig. 3.— Visualizationof Jovian magneticeld shaving lo ux tube,Nacloud,S Il torus
(http://Iwwwlowell.edu/users/spencer/digipics.html).



Sy
Narr ow-band Imagesof the Torus

Fig. 4.— Narronv-bandimagesof S Il 6731 A (top left) and Na 5890 A (bottom left) in the Jovian system
(CourtesyN. M. Schneide& J. T. Trauger). Right: Portablelo TorusToolbox (PITT) modelof S 1l 6731 A
(CourtesyR. C. Woodward).
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lo/plasmainteractions

All kindsof interestingdynamicshaving to do with a conductingobstaclan aplasmao w

Pile-up(no bow shock)

Inducedcurrentfrom collisionsin ionospherd  A)
Atmosphericablation

Massloading

Wake

Chageexchangeesultingin weird jets
(http://ganesh.colorado.edufay/animtorg/torus.cgi?sant@_text=75)

Flux tube
Otherthings

Electron collisional excitation of atmosphericspeciesg.g Oxygen
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Fig. 6.— STISO I] 1356A imageof lo ateasterrelongation (Retherfordetal. 2000;Retherford2002). Orange
circleis O 1] 1359A emission
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Ground-basedobsewations of [O 1] 6300A

Detectedn 1990(Scherb& Smyth1993)
McMath-Piercesolartelescopestellarspectrograph

1.5m telescope, m

Unoccultedbeam(no diffractionspikes)

Worksbestin the ecliptic

Beamfocusedontoa Bowen-Walravenimageslicerwith a5 .2 5 .2FOV

Echellespectrograph

— lines=20,100perinch

— =120,000at6300A (50milliA, 2.5 )

— TI1 CCD similarto HSTWFPCI (i.e. old, slow readout)

— Temperamentahardto repeatalignmentproceduregworking on that)
— Availableat night nearlycontinuously(sharewith oneotheruser)

— No adultsupervision
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Fig. 7.— McMath-PierceSolartelescopeFigurescourtesyof NOAO/AURA/NSFE
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Fig. 8.— McMath-Piercesolartelescopéacility StellarSpectrograpliSSG).
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Fig. 9.— Processedo [O 1] 6300 A spectralimagerecorded2002 Jan26 by the stellar spectrograplat the
McMath-Piercesolartelescopdacility (upper). Spectralextractionsareshavn below in the dispersionmiddle)
andcrossdispersion(lower) directions.Seeinghis nightwas
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Fig. 10.—Unusualspectrunrecordedl9970ct 14. CCDis binnedin theY direction—thatis notwhatis unusual
aboutthis spectrum.
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Lather, Rinse,Repeat

Over 3000spectraecordedsincel1990

Over 13,000calibration(bias, at, comp,etc.)images

Oliversenretal. (2001)reporton handreductionof 1000spectra

Not interestedn spendingny NRC fellowshiphandreducing2000spectra
Developedautomatediatareductionandspectraltting softwareusingbasicarti cial intelligencetechniques

— Rolustalgorithmsprocesghedataonetime through

— Resultsstoredin anIDL astro-utilZDBASE

— Analysisprogramsnd patternge.g. t polynomialsto parametershatvary slowly with time)
— Dataarecorrectedr re-reducedisingglobaltrends

Automaticallyextractedall spectran 6 daysof computertime (completed2003June26)

Currentlyworking on automatedtting software
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Automated Fitting Software

ParameterizedunctionObject(PFO)

— Objectorientednon-lineareast-squaresurve tting routine
— Allows tting functionto beeasilymodi ed atruntime

— Writtenin IDL (ImageDisplayLanguage)

— Basedon astro-utilpackageMPFIT

SolarSystemObjects(SSO)

— Interfacesolar (Moore et al. 1966; Pierce& Brekenridgel973;Allende Prieto & GarcialLopez1998)
andatmospheri¢e.g.HITRAN; Rothmanretal. 2003)line liststo PFOsoftware

— Handlesmulti-re ection, multiple Dopplershifts

— Soon:InterfaceJPLHORIZONSephemerideto IDL datastructures

Software works togetherto allow a physically realistic model of the entire target/atmosphere/instrument
system

— Freeparametersare: dispersionrelation, solarandlo Doppler shifts, continuum ux, line equvalent
widthsandline widths (Voigt pro les areusedfor stronglines)
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Oct 14, 1997 lo [Ol] intensity comparison
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Fig. 12.—Comparisorbetweeno [O 1] intensitiest by handand t automatically
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Link betweenplasmaand emission

Plasmatorustilted 7 relativeto l1o's orbit
Torusrotatesfasterthanlo orbits (57 atlo)

Evenif toruswasa simpledoughnutplasmaconditionsat o shouldcorrelatewith 10's magneticdongitude
(systemill)

Oliversenretal. (2001)shaw this correlationbasecdn 1000measurementecordedover 10 years

Detailed(but static)modelof the plasmatoruscantrack the datawell in somecaseqOliversenetal. 2001,
gs. 10-11)

[O 1] emissionseemdo be an effective in situ proxy for torus plasmadensity
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Fig. 14.—Measuredo [O 1] intensitiesover a 10-yearperiodasa functionof Jovian magnetidongitude(system
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Corr elating Multiple Datasets

Our“unusualday”’ 19970ct 14 happengo beduringanHST/STISobsenation (Roesleretal. 1999)
STISseemeutralandion emissionsncrease

Simultaneou$S 11] 6731A imagesof thetorusaregenerallyincludedin the[O 1] observingcampaignge.g.
Woodwardetal. 2000)

Persistentor at leastrepeatingazimuthalasymmetryis seenin the [S 1I] 6731 A torus at this systemll|
longitudeduringthis time period
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Fig. 16.— Sumof raw STISdatal9970ct 14 (Roesleretal. 1999, g. 1). Extendedemissionfrom thetorusis
seenn theion lines.
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Fig. 17.—S 1l 1256A pro les on19970ct 14 for eachof the STIS G140Limages.The edgesof thedisk of 1o
areshavn asdottedlines. PITT modelof torusemissionis shavn (dashedines)andscaledandoffsetto match
data(solidlines).
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Fig. 18.—S 11 1256A pro les on 1998Aug 23. Compareo g. 17.
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Fig. 21.— Narrovbandimagesof the lo torusin [S 1I] 6731 A. Jupiteris attenuatedy a neutraldensity lter .
The Galileanmoons,suchas lo, interferewith the obserations. A persistentor at leastrepeatingazimuthal
asymmetryin the[S 1I] 6731A torusis seenin the 1997 Sept—Octtimeframe(Woodward et al. 2000). [S 11]
imagesfrom 1999(lastpanel)andotherauthorg(e.g. g. 4) do notalwaysshov asymmetries.
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Do we have a believable “smoking gun?”

Maybe

Azimuthal enhancemenn the plasmatorusthat seemdo persistover at leasta several weektime period
aroundl19970ct 14

Enhancemenh plasmaorusseenn STISdata
lo brightensn neutralUV andopticallineson 19970ct 14

lo brightensn UV ion lines(modeldependent)
What doesit mean?

Ground-basefO 1] 6300A obsenationscanbeusedasa proxy for torusactivety

We canbegin to understandhe dynamicsof thetorussystem
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Futur e plans

Full reductionof ground-basefO I] dataneededcompletewith upperlimits on dayswith weaksignal
Closeto closingtheloop on fully automatedpectrakextractionand tting process
Accurateephemeriglatafor eachGalileanmoonduringeachof the 3000+obsenrationsis needed
Unbiasedstatisticaltreatmenessentiafor believability of [O 1] 6300A dataset

[O 1] 6300A datasetwill be optimally reducedandarchved, hopefullyin thePDS

Webinterfaceto ZDBASE of (Oliversenetal. 2001)resultsis operational

Continuedreductionof [S 1I] 6731A imagesjmprovementof analysisgechniqguesareneeded
Completeanalysisof STISion lines

Correlationwith otherdatasetge.g. volcanicactvity, positionsof othermoons, ux tubefootprint, etc.)
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