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COMPARISON OF THEORETICAL AND OBSERVEDSODIUMD2 LINE
PROFILESFOR TWO ‘JW!E-TYPEDWARFS

D. C. Boice
Los AlamosNationalLaboratory

LOS Alamos,NM 87545

INTROWCTION

For many yearsthe Ca II H and K linesand the Mg II h and k
lines have been used as chromosphericdiagnosticsto compute
semi-empiricalmodel chromospheresfor late-type stars. However,
since Johnson (1964)showedthat the Na I D1 and D2 linesare
collision-controlledin the atmospheresof late-typestars,only a
few researchershave studied the detailed NLTE formationof these
lines, Here I summarizesuch a study for the ~~o stars,EQ Vir
(dK5e) and Gliese616.2 (dMl.Se). A detaileddiscussionof this

researchcan be foundin Boice (1985).
High resolutionobservationsof the D lines for these two

stars have been obtainedat the KPNO 4-meter Mayan telescope
usingthe echellespectrometerwith a resolutionof 0.158~at D2.

MODELSUMMARY

To solvethe coupledequationsof statisticalequilibriumand
radiativetransferfor the neutralsodiumatom the computational
methadsof Auer et al. (1972)havebeen used. Variousassumptions
are made in this approachwhich includethe plane-parallel
approximation,hydrostaticequilibrium,homogeneityof the
atmosphere,Voigt profiles,and completefrequencyredistribution
(CRD) of scatteredphotons in the fiux profile. The last
assumptionis justifiedby the successwith which the D2 line in
the K2 giantArcturus(Kelch,1975)and in the Sun (Gehren,1975)
have been modeledusing CRD. In the atmospheresof dwarfswith

higher surfacegravityit is reasonableto assume CRD, as the
increased collision frequency would further destroy any coherency
in the scatteringproceoa.

Tho modol sodiumatom conoistsof four bound states (3S,

3pl/2‘ 3p3/2 ‘ 3D) and a continuum. Following Athay and Canfield
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negligiblesplittingof the 2D term.
constantsand otheratomicparameters
Beebe (1976) have been adopted.
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Collisionaland radiative
givenby Schneebergerand

The transitions,3S1,2to 3P1,2 (Dl,5895.9A),3S1/2to 3P3,2
(D2, 5890.0~),and 3p3/2to 3D (8194.8A)are treatedin detail.
Photoionizationsfrom the four bound levelsare treatedas fixed
ratesby specifyinga radiationtemperatureTrad for each level.

Hartmann and Anderson(1977)have determinedsolar metal
abundancesfor EQ Vir. In the absenceof such a determinationfor
GL616.2and based on its galactickinematics,a solar abundance
has been adoptedforthis staralso.

The photospherictemperaturedistributionsfromMould (1976)

are utilized, with Teff = 4250K and log g = 4.75 for EQ Vir and

‘eff = 3500K and log g = 4.75 for GL616.2. The chromospheric
thermaland dynamicstructurethat Giampapaet al. (1982)adopted
to model the Ca II K linesof thesetwo starsare adjoinedto the
photospheresat the temperatureminimum.
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RESULTSAND DISCUSSION

NumerousD2 flux profileshave been computedto test the
sensitivityof the calculationsto the sodium abundance,the
van der Waals interactionconstant,and tho Trad of the photo-
ionizations,The D2 line is sensitiveto variationsin Trad
becausethis directlydepopulatesthe 3S and 3P statesby photo-
ionizationso thatsmallchangesaffectthe numberof absorbers@f
this minorityspecies. To assessthe sensitivityof the line
profileto this parameter,it is allowedto vary by IO%. Uncer-
taintiesof a factorof two are typicallyassociatedwith abundance
analyseu. The effectof varyingthe abundanceby 100% is inves-
tigated. The van der Waals interactionconstantis the least
well-determinedatomicparameterand has been citedby Holweger
(1971a,1971b) as being in errorby as much as a factorof 6,
Thiq parameteris allowedto vary by 50% in the calculations.

For EQ Vir the syntheticprofileswere convolvedwith the
instrumentaland rotational(v ]ini= 10 km/s)broadming func-
tions, The resultis a set of syntheticprofileswhichcomfort-
ablybracketthe observations.The only discrepancyis the slightly
darker wing of the observedprofiledue to blandingwith the



The syntheticprofilesfor GL616.2 are convolvedwith the
instrumentalbroadeningfun>tionand reasonableagreementis found
throughoutthe fluxprofileexceptfor withinO.25A of the core.
The syntheticprofilesare not ableto modelthe observedcentral
reversal. Consideringthe variationof the linesourcefunction
SV with depth, it is noticedthat the couplingto the local
temperatureis weak. SV thermalizesdeep in the photospherebut
becomesless responsiveto changesin the temperaturebeforethe
temperatureminimumis reached. At this poinu Sv shows little
responseto the chromospherictemperaturerise and the effectsof
scatteringare alreadyseen in the syntheticline.

CONCLUSION

This studyfindsthat the theoreticalD2 lineprofilesare in
generalagreementwith observationswhen a reasonableassessment
of the errorsin the modelparametersare considered.This leads
to the conclusionthat chromosphericmodelsconstructedusingCa
II K line informationare consistentwith the observedsodiumD2
line fo~ thesetwo dwarfs. The centralreversalin the observed
D2 line of GL616.2 is not accountedfor in this study. This
anomolousfeaturemay be the resultof emissionfrom a circum-
stellargas shell or may be evidenceof anothercomponentin the
stellarchromosphere.

I am gratefulto acknowledgeH. Beebe for usefuldiscussionsand
R. Robinsonand S. Worden for allowingme to assist them’in
obtainingthe observations.This researchwas carriedout whiie I
was a graduatestudentat New MexicoStateUniversity.
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