
Variable Stars in the Loal GroupASP Conferene Series, Vol. 2nn, 2004D.W. Kurtz & Karen Pollard, eds.Non-adiabati seismi study of the thin onvetiveenvelope of Æ Suti starsM.-A. Dupret, A. Grigah�ene, R. GarridoInstituto de Astrof��sia de Andalu��a-CSIC, Apartado 3004, 18080Granada, SpainJ. Montalban, M. Gabriel, R. SuaireInstitut d'Astrophysique et de G�eophysique, Universit�e de Li�ege, all�eedu Six Août 17, B-4000 Li�ege, BelgiumAbstrat. For Æ Suti stars, the theoretial preditions of a non-adiaba-ti pulsation ode are very dependent on the harateristis of the thinonvetive envelope of the models (Balona & Evers 1999). The treatmentof the non-adiabati interation between onvetion and pulsation hasalso a signi�ant impat on the results, partiularly near the red edgeof the instability strip. The non-adiabati theoretial preditions anbe tested upon observations by omparing them to the amplitude ratiosand phases di�erenes as observed in di�erent olor passbands (Dupretet al. 2003). In the �rst part of this paper, we ompare the resultsobtained by adopting di�erent treatments of onvetion in the interiorand atmosphere models: mixing-length theory (MLT) and full spetrumof turbulene (FST)(Canuto et al. 1996, CGM). In the seond part ofthis paper, we examine the problem of the interation between onvetionand pulsation and ompare the modes stability obtained with and withoutinluding time-dependent onvetion in our non-adiabati ode.1. Sensitivity of non-adiabati pulsation observables on stationaryonvetion models1.1. Convetion in interior and atmosphere stellar modelsÆ Suti stars (A-F type stars) present a thin low eÆient super�ial onvetivezone extending up to the photosphere. In this paper, we ompare the resultsobtained with di�erent onvetion models in the interior and in the atmosphereof the star, following the MLT approah with � = l=Hp = 0:5, � = 1:25 or theFST approah. The interior models were omputed by the evolutionary odesATON3.0 (FST and MLT) and CL�ES (MLT). For the atmosphere models, wehave used the ATLAS9 MLT models with � = 1:25 (Kuruz 1993) and � = 0:5(Heiter et al. 2002); and the ATLAS9 FST models (CGM) (Heiter et al. 2002).All the models of this setion are with Te� = 7400 and log g = 4:0.1
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Figure 1. Phase-amplitude diagrams obtained for di�erent models ofonvetion, for modes of degree ` = 0; 1; 2; 3. The onstant of pulsationQ = 0:015 days in the left panel and Q = 0:033 days in the right panel.1.2. ResultsWe performed non-adiabati omputations for all these models, using the non-adiabati ode MAD (Dupret et al. 2002). The phase-lags and the e�etivetemperature variations predited by the non-adiabati pulsation ode appear tobe very sensitive to the details of the thin onvetive zone. Theoretial multi-olor photometri amplitude ratios and phase di�erenes depend on these non-adiabati results and on the monohromati ux and limb darkening of theatmosphere models (Dupret et al. 2003). The limb darkening oeÆient for theFST models have been taken from Barban et al. (2003). In Fig. 1, we show theresults obtained in phase-amplitude diagrams for Str�omgren �lters.2. Non-adiabati interation between onvetion and pulsation inÆ Suti stars2.1. Non-adiabati onvetion theory of Gabriel (1996)Turbulene is usually desribed in term of mean and utuation equations. Inthe theory of Gabriel (1996), the utuation equations of ontinuity, of motionand of energy onservation have respetively the following linearized form.r � ~V = 0 ; (1)� d~Vdt = ��� rP �r�P � 8�~V3� � �~V � r~u ; (2)� (�T )�T dsdt + d�sdt + ~V � rs = ���1 + 1� �s ; (3)where � is the life time of the onvetive elements and � is the onvetiveeÆieny.



Non-adiabati seismi study of the thin onvetive envelope of Æ Suti stars 3Stationary solutions of the above equations lead to the lassial MLT theoryof B�ohm-Vitense. The lagrangian perturbation of the mean equations gives thelinear pulsation equations, where appear unknown terms suh as the perturba-tion of the onvetive ux:Æ�!F  = �!F  Æpp + Æ�� + ÆTT !+ p�T �Æ�S~V + �SÆ~V � : (4)The unknown orrelation terms of Eq. (4) an be obtained from the utuationequations. More preisely, we perturb Eqs. (1) to (3) and searh for solutionsof the form Æ (�X) = Æ (�X)~k ei~k�~r ei� t. Then we integrate these partiularsolutions over all values of k� and k� suh that k2� + k2� = Ak2r (A = 1=2 for anisotropi turbulene). Finally, the perturbed onvetive ux takes the followingform: Æ�!F  = ÆFr (r) Y ml (�; �) ~er + ÆFh (r) (rrhY ml (�; �))and the problem is naturally separated in spherial harmonis. ÆFr (r) andÆFh (r) are related to the perturbed mean quantities by �rst order di�erentialequations.The main soure of unertainty of any MLT theory of onvetion-pulsationinteration is in the way to perturb the mixing-length l. Gough (1977) proposesto perturb only the pressure sale height: Æl=l = ÆHp=Hp . On the other hand, itan be expeted that the perturbation of the mixing-length beomes negligiblewhen the life-time of the onvetive elements is muh longer than the period ofpulsation, this an be reprodued for example by adopting:Æl=l = 1=(1 + (��)2) ÆHp=Hp :2.2. Red edge of the Æ Suti instability stripA very good on�rmation of the quality of our time-dependent onvetion treat-ment is that it is able to reprodue the red edge of the Æ Suti instability strip,ontrary to models with frozen onvetion. In Fig. 2, we give the evolution ofthe dimensionless frequenies (! = � tdyn) of ` = 2 modes as a funtion of e�e-tive temperature and age, for 1:8M� models with overshooting �ov = 0:2 andmixing-length parameter � = 1:5. The right (resp. left) panel orresponds tothe results obtained with (resp. without) inluding time-dependent onvetionin our non-adiabati ode.3. ConlusionsOn one hand, the theoretial non-adiabati amplitudes and phases of e�etivetemperature variations, as well as the monohromati ux and limb darkeningderivatives are very sensitive to the stationary onvetion models, in the thinonvetive envelope of Æ Suti stars. This has a signi�ant impat on the pho-tometri amplitude ratios and phase di�erenes as observed in di�erent olorpassbands. A onfrontation to aurate observations ould thus allow to dis-riminate between these di�erent onvetion models.On the other hand, our non-adiabati time-dependent treatment of theinteration between onvetion and pulsation allows us to predit a red edge of
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