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A computer code for nonradial, nonadiabatic, stellar pulsations
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Belgium

ABSTRACT

We presentthe nonradial,nonadiabaticstellar pulsationcodewritten by M.-A. Dupret
written in theframeof his PhDthesis.A specialattentionhasbeenbroughtto thetreatmentof
theexternallayers.

The computer code

For theneedsof his PhDthesisM.-A. Duprethaswritten a computercodefor nonradial,nonadiabatic
pulsationsof stellar models. The codeassumesthat the given model is sphericallysymmetric. So, in
presenceof rotation,it canonly give the frequency splitting computedby the usualperturbationmethod
(Ledoux1951andmany textbooks,for instanceCox 1980andUnnoet al. 1989).This methodis restricted
to slow rotationcases,i. e.,whentherotationfrequency is muchlessthanthepulsationfrequency. We have
howeverprojectsto usenonperturbativemethodsto takerotationinto account.

Theinteractionbetweenconvectionandpulsationis averydifficult matter. In its presentstate,thecode
ignorestheperturbationof theconvective flux. It is probablygoodenoughfor an internalconvective zone
wheretheoscillationis adiabaticandtheconvectionvery efficient,but it is not appropriatewhenthemodel
hasanexternalconvective layer. Soit is notsuitedfor thecomputationof solar-like staroscillationsbut we
mayhoperathergoodresultsfor � Scutivariablesandmoremassivestars.

Thestrongpointof theprogramis theparticularattentiongivento thesurfaceboundaryconditionsand
thecarefultreatmentof the perturbationin theatmosphere.The diffusionapproximationusedto describe
theradiativeflux in theinterioris nolongervalid in theatmospherewheretheopticaldepthis of theorderof
unity or smaller. Thetemperaturedistributionin theatmosphereis describedby a numericalmodel,suchas
aKuruczmodel,���i�����F�������������y� . Duringthepulsation,theatmosphereis supposedto remainin radiative
equilibriumandthevariationof thetemperatureis givenby thelinearizedform of thepreviousrelation,
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In thisway, reliableeigenfunctionscanbeobtainedin theatmosphereof thepulsatingstar. Figure1 shows
anexampleof therun of thetemperaturevariationin theatmosphere(at theright of thevertical line). The
differencesin thetemperatureprofilesof theadiabaticandnonadiabaticcasesarenoticeable.

We areconsideringtwo applicationsof this code. The first oneis, of course,the computationof the
frequenciesof thenormalmodesof stellarmodels.This is thefirst stepfor doingasteroseismology. As it
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Fig. 1.— Realpartsof the eigenfunctions�k�����¡  , �O¢�� ¢ and �O¢�� ¢Q£w¤ for the ¥c¦H§ , ¨�© modeof a 10 ªz«
modelneartheendof thecorehydrogenburningphase

is a nonadiabaticcode,it canpredictwhich modesshouldbeexcited. The comparisonwith modesreally
observedin a starwill put furtherconstraintson its structure.

Thesecondapplicationneedsspectroscopicobservations.It takesadvantageof thereliabletemperature
variationsin the atmospheregiven by the program. This enablesthe computationof better line profile
variationsduring the pulsation. A collaborationon this subjecthasbeeninitiated with J. De Ridder. We
hopethatthisadvancewill helpin theidentificationof themodes.
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