Mor e on the solar oxygenabundance
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Summary. During recentyearsthe solaroxygenalundancealervedfrom photospherigpectralinesexperienced signi cant downwardrevision by about40% with respecto its previously
recommendedcanonical”’ value. If taken at facevalue, the new low oxygenalundance- togetherwith relatedlower albundancedor carbon,nitrogen,and neon— leadto a dramatic
deteriorationof the closecorrespondencbetweentheoreticaland obsered solarp-modefreqguenciesobtainedwith the older high abundances For contriluting to the disputewhetherthe
solaroxygenabundancsds “high” or “low”, we derived the oxygensolarabundanceusing1D aswell as3D CO®BOLD solarmodels. We determinedhe oxygenalundancedy equivalent
width (EW) andor line pro le tting from a numberof atomicatomiclines. As alundancandicatorswe favour thetwo forbiddenoxygenlinesat 630nm and636nm sincethey areimmune
aqainstdeparturesrom LTE, but we consideredlsothe permittedtriplet andinfraredatomicoxygenlines.
At this stageof thework we areinclinedto favour anoxygenalbundanceetweer8.70and8.73,with anerrorof 0.06dex, dependingon whatis adoptedor thee cieng/ of collisionswith

neutralnydrogenon excitationandionization.

For testingthe realismof our modelswe investigatedthe centre-to-
limb variation(seeFig.1) aswell asabsolutedisk-centrentensities
(seeFig.2) as predictedby the models. The centre-to-limbvaria-
tion basicallyprovidesa measureof the temperaturgradientin the

line-forminglayers theabsolutantensitiesheabsolutdemperature.

Figure 1 shavs that HolwegerMuller model provides the closest
matchto the obsered centre-to-limbvariation,andthe CO°BOLD
model gives the bestrepresentatiommongthe theoreticalmodels.
Note,thate ectsrelatedto horizontalinhomogeneitiesisuallylead
to animprovementof the correspondence.
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Fig. 1. Continuumintensityrelative to the continuumintensityat disk-centrefor

variousinclinations asa functionof wavelength.Note,thatit becomesncreas-

ingly di cult to reliably identify continuumpointsin the obsered intensitiesfor
<05 m

As illustratedin Fig. 2 all modelsshav noticeablede cienciesin

representinghe absolutedisk-centrantensity However, the obser

vationalerrorbarsmight belargerthanindicatedin the plot, andthe
overall correspondencaightimprove if onemorecarefullyconsid-
erse ectsof line blanketing. Again, the CO°BOLD modelperforms
bestamongthe theoreticalmodelsstrengtheningur con dencein

Its physicalrealism.
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Fig. 2. Absolutedisk-centreintensity in the continuumas a function of wave-
length. Theintensityis expressedsequvalentradiationtemperature.

The630nmoxygenforbiddenline aswell astheotherforbiddenline
at 636nm areunlikely to bea ectedby departuresrom LTE. Both
are low excitation lines and from that perspectie shouldsene as
goodalundancandicators.

However, the 630nm line is blendedby a Ni | line, andis situated
near(0.1nm)two stronglinesof Sil andFel.

We tted therenormalisedolarspectrunwith aCO°BOLD+Linfor3D

grid of syntheticspectraakinginto accountoxygenandnickel only.
Our bestt is shavn in Fig.4. In the syntheticspectrawe included
all evenisotopicnickel componentsvith atotalloggfvalueof —2.11
(seeBensbyetal. 2004andRosbeg etal. 1993).
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Fig. 4. Greenline: 3D t. Black dotswith error bars: obsened solarintensity
spectrumncludinguncertaintyaccordingto signalto noiseratio.

Theline lies on the red wing of a calciumautoionizationline (see
Fig.5).
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Fig. 5. Overview of the solarspectrumin vicinity of the[Ol] 636nm line. Note,
thatthe oxygenline is situatedon the redwing of a broadcalciumautoionization
feature.

In ane ortto remove asmuchaspossibleblendingcontrilutionsof
atomicandmoleculadineswerenormalisedhesolarspectrunbased
uponasyntheticlD spectrunmodellingthe blendingcomponents.

Becaus®f acontaminatiorwith atelluric line, we considere FTS
Intensityspectrunpresentedby Wallaceet al. (1996). We areinter-

estedn presentinghisline becausé is theonly onein commonbe-
tweenthe two solaroxygenaveragecomputationhaving Holweger
(2001)aswell asAsplundetal. (2004)considerednintensityspec-
trum. For this line we derve anoxygenalundanceof 8.72.
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Fig. 7. The926nmintensityspectrunof Wallaceis shavn in black,while in green
syntheticspectraareoverpplotted.Theresidualof thetelluric line is evident.

The componentf the oxygennearinfraredtriplet at 777nm are
much strongerthan the forbiddenlines so lessa ectedby blend-
Ing. However, substantialdeparturedrom LTE are expectedfor
the triplet. Figure 7 shawvs our best LTE ts obtained with
COBOLD+Linfor3D. Thereis a sizabledi erencebetweenthe re-
sultingalundancebetweerthe ux andintensityspectrunwhichis

presumabhdueto non-LTE e ect.
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Fig. 7. Like Fig. 4 for a componenf the nearinfrared oxygentriplet. Upper
panel:intensity Lower panel: ux. Notethedi erencan alundancedy roughly
0.1dex.

At the momentwe areconsidering linesfor which we appliedthe
non-LTE correctionsof Asplundet al. (2004)and8 lines from In-
tensityspectraor which we appliedthe non-LTE correctionof Hol-
weger (2001). The weightedmeanof the alundanceslerved from
the 8 lines is respectrely 8.70to 8.73 with an error of 0.06dex.
Thesevaluearewithinone inagreementvith Asplundetal. (2004)
andHolweger(2001)results.
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Fig. 7. The oxygenalundancesline by line, areplotted: in greenthe ux es(ex-
eptthe 926nm line) with Asplundet al. (2004)non-LTE correction,in blackthe
iIntensitywith Holweger (2001)non-LTE correction.

Asplund, M., Grevesse,N., Saual, A. J., Allende Prieto, C., &
Kiselman,D. 2004,A&A, 417,751

BensbyT., Feltzing,S.,& Lundstom,l. 2004,A&A, 415,155

Holweger, H. 2001, AlIP Conf. Proc.598: Joint SOHQACE work-
shop”Solar andGalacticComposition”,598,23

Rosbeg, M., Litzen,U., & Johanssor. 1993, MNRAS, 262,L1

Wallace,L., Livingston,W., Hinkle, K., & Bernath,P. 1996,ApJS,
106,165



