Mem. S.A.It. Vol. 77, 121 © SAIt 2006 Memorie della

Application of time-dependent convection models to the photometric mode identification in γ Doradus stars

M.-A. Dupret^1, A. Grigahcène^{2,3}, R. Garrido^2, J. De Ridder^5, and R. Scuflaire^4

1 Observatoire de Paris, LESIA, CNRS UMR 8109, 92195 Meudon, France 2 Instituto de Astrofísica de Andalucía-CSIC, Apartado 3004, 18080 Granada, Spain 3 CRAAG - Algiers Observatory BP 63 Bouzareah 16340, Algiers, Algeria 4 Institut d’Astrophysique et de Géophysique de l’Université de Liège, Belgium 5 Instituut voor Sterrenkunde, Katholieke Universiteit Leuven, 3001 Leuven, Belgium e-mail: MA.Dupret@obspm.fr

Abstract. We apply the Time-Dependent Convection (TDC) treatment of Gabriel (1996) and Grigahcène et al. (2005) to the photometric mode identification in γ Dor stars. Comparison of our theoretical results with the observed amplitudes and phases of the star γ Dor is presented. This comparison makes the identification of the degree ℓ of its pulsation modes possible and shows that our TDC models better agree with observations than Frozen Convection (FC) models.

Key words. Stars: oscillations – Convection – Stars: interiors – Stars: variables: general

1. Introduction

As shown in Dupret et al. (2005, and these proceedings), the amplitude ratios and phase differences predicted by our TDC non-adiabatic models are completely different from the ones predicted by FC models. TDC results better agree with observations and allow the identication of the degree ℓ of the modes with a higher degree of confidency. We present here the application of our TDC treatment to the star γ Dor.

Send offprint requests to: M.-A. Dupret

2. Application to γ Dor

In this study, we use the Strömgren photometric observations by Balona et al. (1994) and the spectro-photometric observations by Balona et al. (1996). From these observations, three modes with frequencies f_1 = 1.32098 c/d, f_2 = 1.36354 c/d and f_3 = 1.47447 c/d are detected.

In Fig. 1, we give the theoretical and observed Strömgren photometric amplitude ratios we obtained for different models of γ Dor. The lines are the theoretical predictions for different ℓ and the error bars represent the observations for the frequencies f_1 and f_2 (the error bars are too large for f_3). TDC treatment is adopted for the left and middle panels and FC treatment for the right one. FST atmosphere

122 Dupret et al.: Time-Dependent Convection models of γ Dor stars

TDC – FST TDC – MLT FC – MLT

Fig. 1. Theoretical (lines) and observed (error bars) Strömgren photometric amplitude ratios for different models of γ Dor.

models (Heiter et al. 2002) are used in left and right panels and Kurucz MLT models are used for the middle panel.

The comparison between theory and observations shows that the frequencies f_1 and f_2 are identified as ℓ = 1 modes. The best agreement is found for a model with α = 2, FST atmosphere and TDC treatment (left panel). For all the models, a good agreement between the theoretical and observed b/v and y/v amplitude ratios is obtained. The theoretical u/v amplitude ratio is very sensitive to the value of f_T (amplitude of effective temperature variation for a normalized radial displacement) and to the adopted atmosphere model. Small values of f_T (around 0.5) and FST atmospheres are required to obtain the best agreement with the observed u/v amplitude ratio.

From the spectro-photometric observations by Balona et al. (1996), the phase difference between the magnitude variation in Johnson V and the displacement can be determined. The observed values are: Δϕ_{obs,2} = −65 ± 5^∘ for the component 2 and Δϕ_{obs,3} = −29 ± 8^∘ for the component 3 (no velocity variations are detected for the component 1). The theoretical phase differences obtained with TDC treatment, ℓ = 1 mode and a model with α = 2 are Δϕ_{TDC,2} = −28^∘ and Δϕ_{TDC,3} = −27^∘. While the phase differences obtained with FC treatment, same modes and model are Δϕ_{FC,2} = −167^∘ and Δϕ_{FC,3} = −165^∘. The phase-lags predicted by FC models completely disagree with observations, while the TDC ones are in reasonably good agreement with them. We remark that no significant phase differences between the photometric magnitude variations in different passbands are observed for γ Dor. Taking this into account, the value Δϕ_{obs,2} = −65^∘ seems a bit large and must be considered with care, the real phase-lag could be closer to 0^∘.

3. Conclusions

Using our TDC treatment, we have identified the components f_1 = 1.321 c/d and f_2 = 1.364 c/d of γ Dor as ℓ = 1 modes. We obtain a good agreement between the theoretical TDC phase-lags between light and velocity curves and the observations, contrary to FC results.

Acknowledgements. MAD acknowledges financial support from CNES. JDR acknowledges support from the Fund for Scientific Research-Flanders.

References

Balona, L. A., Krisciunas, K., & Cousins, W. J.

1994, MNRAS, 270, 905 Balona, L. A., Böhm, T., Foing, B. H., et al.

1996, MNRAS, 281, 1315 Dupret, M.-A., Grigahcène, A., Garrido, R., et al. 2005, MNRAS, 360, 1143 Gabriel, M. 1996, Bull. Astron. Soc. of India, 24, 233 Grigahcène, A., Dupret, M.-A., Gabriel, M., et al. 2005, A&A, 434, 1055 Heiter, U., Kupka, F., van’t Veer-Menneret, C., et al. 2002, A&A, 392, 619