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Jeff Mor genthaler

1988—-19950ft ( keV) X-ray instrumentation

— MIT seniorthesis:X-ray CCD quantumef ciency (Morgenthalerl990)

— Wisconsinjunior graduatestudent: X-ray QuantumCalorimeter(XQC) sounding
rocket payloaddevelopmentMcCammonetal. 2002)

1995—Presergoft X-ray background

— Ph.D.thesis: Shuttle STS-54payload— Diffuse X-ray Spectromete(DXS) (Mor-
genthalerl998;Sander®tal. 2001)

— Standardnodel: X-raysfrom amillion degreeplasmain theinterstellammedium

— New twist: X-raysfrom chage exchangeof solarwind ions, a processobseredin
cometgLisseetal. 1996;Cravens1997)

1998-2002VisconsinPostdoc:Analyze cometHale-Boppoptical emissionline data
(Morgenthaleretal. 2001,2002a,bHarrisetal. 2002;Oliversenetal. 2002)

2002—2004NASA—-GSFCNRC postdoc:lo plasmatorus obserationsusing oxygen
emissionfrom lo's atmospherg€Oliversenetal. 2001)

2004-"University of Washingtorpostdoc:GetWalt Harristenure
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Where do cometscomefrom?

Theprimordialsolarnehula
Nelular collapse planetaryformation
Dynamicalthingshappenplanetorbitschangeegtc.

Leftover planetesimals

— Rocky asteroidg2—-3.5AU)
— Icy Kuiperbelt objects(50-500AU)
— Oortcloudobjects(500-50,00AU)

dynamicallyejectedby planets
primordial
Interstellar

Dynamicalevolution

Apparition
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What doesa cometlook lik e?

Basedon whatwe seecomingoff of cometsthey are:

Mostly water
5-15%CO
%
% Othermoleculesincludingorganics
% “dust”

— mayor maynot be similar to interstellardust
— (asif interstellardusthasary typical form)

More-orlesshomogeneous
— cometfragmentdook like comets

Dirty snowballs
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What happensto cometswhenthey getcloseto the sun?

. CO, othervolatilessublime

— Formcoma

more-orlesssphericaldistribution of gas
densityrangedrom nearatmospheri¢o interplanetary
like a planetaryatmospherevithout gravity

— lon tall

solarradiationandchage exchangewith solarwind ionsionizessomecomagas
lonsacceleratedy solarwind
acceleratioomoderatedy collisionswith neutrals

Dustis liberated- particlesfollow cometorbit modi ed by radiationpressure
Cometnucleusoftensplits
Cometsevolve over mary perihelionpassages

— Puddingwith askinvs. aball of rice
— Deeplmpactmissionmayhelpdecide
— Needground-basedbsenrations2005July 4



Fig. 1.— Comet Hale-Bopp image courtesy of H. Mikuz & B. Kambic
(http://wwwamtsgym-sdbg.dk/as).
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Understanding evolution of H O in cometary comae

photodissociateandionizesin sunlight

— Differentpartsof solarspectrundo differentthingsto

— Needa goodsolarspectrumand crosssectionto gure out whereeverything
goes

— Reciprocalf the sumof thereactionratesis thetotal lifetime
— Quietsun,at1 AU, waterlifetime = 83000s (23 hours)
— Ratioof eachreactionrateto total is the branchingratio (BR)

Neutral andphotodissociatioproductsexpandisotropicallyunlessa strongreso-
nancdine inducesatailwardforce (NaandH)

lonsinteractwith the solarwind (ion tail) anddragthroughneutrals{masdoading)



Tablel. PhotodissociatioBranchingRatios

Reaction BR QuietSun Active Sun Ref.
.......... BR1 0.050 0.067 H
............. BR2 0.855 0.801 H
........... BR3 0.094 0.176 H
........... BR4 0.662 0.513 V
BR5 0.046 0.042 H
BR6 0.457 0.391 H

H, Huebneret al. (1992); V, van Dishoeck & Dalgarno (1984); M,
Morgenthaleret al. (2001); T Tozzi, Feldman,& Festou(1998). The van
Dishoeck& DalgarnoOH crosssectionshave beencalculatedor a heliocen-
tric velocityof -14kms , appropriatdor Hale-Boppl997early March.
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Obserwables

IS hardto obsene directly — “hot band uorescence”in IR (Mummaetal. 1996;
Dello Russcetal. 2000)

OH rotationaltransitionsare obserablein the radio at 18 cm — thesetransitionsare
easilyquenchede.g.Schloerbl988)

OH resonantuorescencas obseredin thenearUV at 3080A— interpretations com-
plicatedby avelocity dependent -factor(e.g.Schleichei& A'Hearn 1988)

decaygromptlyto the metastable state

The forbidden to O( P) transitionoccursin s (FroeseFischer& Saha
1983)via the bright forbidden6300,6363A doublet

— Muchlessquenchinghanradiotransitions
— No complec -factor
—Q( ) depend®nly onaperturgphotometryandbranchingratios:

(1)
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Problem

Usingradio, optical,andUV dervedQ( ) valuesfrom cometHalley, Schleicheretal.
(1998)found: “Resultsdervedfrom obsenationsof theforbiddenoxygenlinesarepartic-
ularly discrepantnearlyalwaysyielding waterproductionrateslarger thanthosederved
from otherdatasets.

If [O I] 6300A obsenationsaresoeasywhy dowe getit wrong?

Obsewational dif culties:

Must separatecometary[O 1] from cometaryNH ( A) andairglow [O 1]
(geocentrioselocity dependent)

— Minimum spectrakesolvingpoweris or80kms

— Backgrounasubtractionworksif airglow stable

— Spectrakeparatiorirom airglow requires resolution

Corventionalnarrov-band Iters don't work — if narrov enough,lose too muchto
cometaryredshiftvariation



~11-
Observational dif culties have beensolved

Medium-to high-resolutiorong-slit or multi-objectspectroscop (e.g.,Fink & Hicks

1996;Combietal. 1999, g. 3)

Fabry-Rerotimagingandspectroscop gs. 2—-3

Fouriertransformspectroscop (e.g. Michelsonor SpatialHeterodyneSpectroscop)

Bonus:high sensitvity dueto large FOV andability to matchFOV to comasize,evenat
high resolvingpower
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Fig. 2.— WisconsinH-alphaMapper(WHAM) spectrunyleft) andimage(right) of comet
Hyakutale on 1996 March 23. Analysisconductedby high schoolinternsMichelle Krok
andKyle Ripp.
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Fig. 3.— WHAM spectrum(left) and image (right) of CometHale-Bopp,from 1997
March5 shaving relative easeof [O 1] 6300A detectionevenover anairglow-dominated
1 FOV. Resolvingpower of the WHAM Fabry-Ferotis  30,000,or 10km s , (Tufte
1997;Morgenthaleretal. 2001;Haffner etal. 2003). Note unexplainedtailward extension
in the[O 1] distribution.
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Problemintensi es and suggestsa solution

Wide- eld [O 1] 6300A obsenationsof Hale-BoppyieldedQ( ) valuesafactorof
3—4timeshigherthanothertechniques

WHAM spectroscopiobsenationswere sensitve enough(0.1 R sensitvity limit in
30 s exposuresjo detectall the[O I] emissioncomingfrom Hale-Bopp

WHAM obsenationscorroboratedoy [O 1] obserationsof threeother instruments
(Morgenthaleretal. 2001)

— No modeldependenaperturecorrectionneeded
— Only errorcouldbein the branchingratios(Equationl)

Wide- eld [O I] 6300A obsenrationsof CometsHyakutale andHalley shav a similar
effect

— Needto publisha paperonthis
Thiswork shavs BR3 needdo change

— OH radioor opticaldataneededo constrainOH lifetime
— Velocity resohedobsenationsneededo constrainenegetics— BR4
— Obsenationsalreadyexist for all of these
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Summary
Wide- eld obseationsof cometamotivatemodi cation of OH photochemistry
Large amountsof dataexist to constrainthe photochemicamodels
— Only someof thesedatahave beenproperlyreduced
Severaleffectsseenn the Hale-Boppdatahave not evenbeentouched

— Tailwardasymetryin [O 1] 6300A emission
— Obsenationsof

Thatis justwater!

— Hyakutale dustimages

— Hyakutale HCN
Useof CCD cameradasincreasedompleity of datareductionandanalysisby more
thanonemillion-fold

— We needmillions moregraduatestudents

— We needto getef cient with thosewe have

— Computergwhich area wasteof time!) areprobablytheanswer
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