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ABSTRACT

The 6300A componendf the oxygen( D) doubletis a bright, easilyobsered
line in cometarycomaethat resultsprimarily from the photodissociatiorf water
andits daughter OH. If the cometaryemissioncanbe separatedrom foreground
airglow, eitherby foregroundsubtractionor spectralresolutioncomparabldo the
geocentricvelocity of the comet,[O I] photometryshould,in principle make an
excellent proxy for Q(H O). With cometarygeocentricvelocitiesfrequentlyless
than60 km s , spectralseparatiorrequiresinstrumentswith resolvingpowers of

10000,whichfor corventionalgratingspectrographsmpliesaslit width of order
onearcsecondMaximumeslit length,limited by practicalconsiderations therefore
of orderafew arcminutesFor atypicalgeocentridistanceof 1 AU, [O 1] emission
in thisFOV is dominatedy waterphotodissociatiorsowith only knowledgeof wa-
ter photochemistryandan estimateof the aperturecorrectionfrom the distribution
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alongtheslit, waterproductionratescanbederived(e.g.,Fink & Di Santi1990).In-
terferometrictechniquessuchasFabry-Ferot, Michelson,and SpatialHeterodyne
Spectroscop(SHS)achiere very high spectrakresolutionover FOVs of arcminutes
to degrees.Usingthel FOV WisconsinH-alphaMapper(WHAM), we recorded
Imagesand spectraof cometHale-Boppthat encompassethe entire[O I] coma.
In this case the emissiorwasdominatedoy OH photodissociationUsing corven-
tional OH photochemistryour derved Q(H O) valueswerea factorof 3—4 higher
thantheacceptedialues,suggestin@revisionto the OH photochemistrys needed
(Morgenthaleret al. 2001). In this work, we will revisit our large aperturegfO |]
measurementsf cometsl1P/Hallg,, C/1989X1Austin,andC/1996B2 Hyakutale
andshawv thatrevision of the OH photochemistrys necessaryo bring theseresults
into agreememvith accepted)(H O) values.
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Background
Tablel shavs the photodissociatiopathwaysof
OH rotationaltransitionsareobsenablein theradioat 18 cm
— thesetransitionsareeasilyquenchede.g.Schloerbl1988)
OH resonantuorescences obsenedin thenearUV at3080A

— interpretationis complicatedby a velocity dependent -factor (e.g. Schleicher&
A'Hearn1988)

decaygpromptlyto 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)



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

H, Huebneretal. (1992);V, vanDishoeck& Dalgarno(1984);
M, Morgenthaleretal. (2001).Thevan Dishoeck& DalgarnoOH
crosssectionshave beencalculatedfor a heliocentricvelocity of
-14kms , appropriatdor Hale-Boppl997early March.
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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

— Spectrakeparatior{need resolution)

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



—6—
Observational dif culties have beensolved
Medium-to high-resolutiorong-slit or multi-objectspectroscop (e.g.,Fink & Hicks
1996;Combietal. 1999, g. 1)
Fabry-Ferotimagingandspectroscop gs. 1-2

Fouriertransformspectroscop (e.g. Michelsonor SpatialHeterodyneSpectroscop)

Bonus:high sensitvity dueto large FOV andability to matchFOV to comasize,evenat
high resolvingpower

Problemintensi es and suggestsa solution
Wide- eld [O 1] 6300A obsenationsof Hale-BoppyieldedQ( ) valuesafactorof
3—4timeshigherthanothertechniguegMorgenthaleretal. 2001,seereprint)

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 threeotherinstruments
(Morgenthaleretal. 2001)
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— No modeldependenaperturecorrectionneeded
— Only errorcouldbein the branchingratios(Equationl)

Morgenthaleret al. usethis asevidenceto proposea to the widely used
theoreticalOH photodissociatie crosssectionof vanDishoeck& Dalgarno(1984)used

to derve thebranchingatiosBR3andBR4 in Tablel
Modi ed OH crosssectionresultsin ashorterOH lifetime (85 ks vs. 120ks)
— Modelsconstrainedy radialpro le datawould needhigherout ow velocities

— Models constrainedy high-resolutionine pro le datawould needto be adjusted
to re ect smallersampledvolume
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Comet C/199501 Hale-Bopp

Haser(1957)modelsarenot sophisticate@noughto handlethe detailsof the complec
changesn out ow velocity obsenedin cometge.g.,Combietal. 1999,2000)

Hasemodelsprovide adequatets for determiningaperturecorrections

Good ts to [O 1] 6300A andOH pro les areobtainedwith Morgenthaleretal. (2001)
OH crosssectionandreasonableut ow velocities(see gures)

CometC/1996B2 Hyakutake

Hyakutale was obsered using the WisconsinH-alphaMapper (WHAM) telescope
duringthe WHAM commissioningphaseat Pine Bluff Obsenratory, Wisconsin(Tufte
1997)

Preliminaryreductionof dataperformedoy highschoolinternsMichelle Krok (spectral
tting todetermingroductionrates)andKyle Ripp (imagereductionfor radialpro les)
arewell t by Hasemodelsusingthe Morgenthaleetal. (2001)OH crosssectionand
out ow velocitiesfrom (Combietal. 1999)
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C/1989X1 Austin

Schultzetal. (1993)hadtoo smalla projected~OV to detect[O I] from OH photodis-
sociation

Comet 1P/Halley
(Magee-Saueet al. 1988) measuredwo pointsbeyondthe scalelength,which
arenow t with theMorgenthaleretal. (2001)OH crosssection( g. 6)

Magee-Sauegtal. (1990)Q( ) ratesarelow becaus®f verylong OH lifetime used
for aperturecorrection
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Fig. 1.— WisconsinH-alphaMapper(WHAM) spectrun{left) andimage(right) of Comet
Hale-Bopp,from 1997March5 shawving relatve easeof [O 1] 6300A detectionevenover
anairglow-dominatedl FOV. Resolvingpower of the WHAM Fabry-Ferotis 30,000,
orlOkms , (Tufte 1997;Morgenthaleretal. 2001;Haffneretal. 2003).
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Fig. 2.— WHAM spectrum(left) andimage(right) of cometHyakutale on 1996 March
23, preliminaryanalysis.
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Conclusions

[O 1] 6300 A radial pro les of cometsHale-Bopp,Hyakutale, and Halley are rea-
sonablywell t by simpletwo-componenHasermodels(Krishna-Svamy & Brandt
1986)usingthe OH phtodisosciatie branchingatio andlifetime of Morgenthaleetal.
(2001)

An unexpetedresultof usingthe Morgenthaleretal. OH crosssectionis the ability to
returnof the guenchingateto thevalueof
foundin Streitetal. (1976)

More sophisticatedomamodelsareneededor precisetting of radialdistributions

Carefulevaluationof expansionvelocity datais neededo verify the lowering of the
OH lifetime to 85 ks sincelifetime andout ow velocity areintimatelylinked
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