Mem. S.A.It. Vol. 77, 139 © SAIt 2006 Memorie della

The role of turbulent pressure and shell thickness in one-zone convective models

A. Munteanu^1, G. Bono^2, J. José^{3,4}, E. García–Berro^{1,3} and R.F. Stellingwerf^5

1 Universitat Politècnica de Catalunya, Av. del Canal Olímpic, s/n, 08860, Castelldefels, Spain 2 Osservatorio Astronomico di Roma, Via Frascati 33, 00040 Monte Porzio Catone, Italy 3 Institut d’Estudis Espacials de Catalunya (IEEC), Ed. Nexus-201, c/ Gran Capità 2-4, 08034, Barcelona, Spain 4 Universitat Politècnica de Catalunya, Av. V. Balaguer, s/n, 08800 Vilanova i la Geltrú , Spain 5 Stellingwerf Consulting, 2229 Loma Linda, Los Alamos, NM 87544

Abstract. We present a set of one-zone models that account for the coupling between pulsation and convection. The turbulent pressure term is taken into account and we identify well-defined regions in the space of parameters where the models approach limit-cycle stability (pulsational instability) for both radiative-dominated and completely convective models. Numerical experiments performed indicate that the turbulent pressure acts as a driving mechanism for Long Period Variables.

Key words. Stars: atmospheres – Stars: oscillations – Stars: variables: Cepheids – Stars: AGB – Methods: numerical

1. Introduction

The simplest one-zone model that accounts for the time-dependent coupling between pulsation and convection was suggested by Stellingwerf (1986). He computed models associated to the Cepheid instability strip, disregarding the long-term behavior. His results support the generally-accepted view that convection is a damping mechanism for models located close to the cool edge of the instability strip. In this work, we present an extended version of the one-zone model, investigating the limit-cycle behavior and accounting for the role of the turbulent pressure and of the thickness of the convective layer.

Send offprint requests to: andreea@fa.upc.edu

2. The model

The model has an equilibrium radius R_0 and a one-zone envelope of variable radius R on top of a compact core of radius R_c. The equation of motion, of convective transport and the energy equation provide the dynamical system describing the temporal evolution of the radius X ≡ R/R_0, the nonadiabatic pressure H and the convective velocity U_c of the one-zone envelope — equations 33 to 35 in Stellingwerf (1986). In the present work we have introduced explicitly the turbulent pressure mentioned in Stellingwerf (1986) which was not taken into account in that work. The derivation of the final nonlinear convective equations are

Fig. 1. The (ζ, ζ_c)-plane for several values of γ_c, representing pulsationally unstable (black), pulsationally stable (grey) and vibrationally unstable behavior (white). The parameters adopted to construct the individual cases are : η = 0.888 and (a) γ_c=0.1, (b) γ_c=0.2, (c) γ_c = 0.3, (d) γ_c=0.4, (e) γ_c=0.5 and (f) γ_c=1.0; (upper panels) no turbulent pressure and (lower panels) turbulent pressure included.

Fig. 2. Period versus maximum luminosity for γ_c=0.4, η=0.75 (thick shell) circles and η=0.888 (thin shell) crosses. Turbulent pressure is included.

detailed in Munteanu et al. (2005). The evolutionary status of the star is reflected in the shell thickness η ≡ R_c/R_0 and in the convective/radiative luminosity splitting at equilibrium, γ_c ≡ L_{c,0}/(L_{c,0} + L_{r,0}), with “r” and “c” subscripts referring to convective and radiative components, respectively. As in Stellingwerf

(1986), we associated a value of η = 0.888 and γ_c < 0.5 for a Cepheid model, while the case γ_c = 1.0 characterizes red giants and supergiants. Besides γ_c, our control parameters are: the dynamical to thermal time scales ratio, ζ, and the dynamical to convective time scales ratio, ζ_c (Munteanu et al. 2005).

3. Results and discussion

We present in Fig. 1 the results concerning the (ζ, ζ_c)-plane showing the limit-cycle behavior and in Fig. 2, the influence of the shell thickness on the period distribution. The turbulent pressure removes the sharp discontinuities along the light and velocity curves and also leads to the formation of an instability-strip behavior (panel d). The light and velocity curves obtained in the transition from the hot (low ζ_c) to cool (high ζ_c) are in good agreement with those resultant from high-resolution nonlinear models. While no limit-cycle regions exist for γ_c ∈ (0.5, 1.0) and ζ, ζ_c ∈ [0, 10], limit-cycle models exist for the γ_c=1.0 (panel f). This behavior marginally depends on the value of the adiabatic exponent, and thus the driving is indeed induced by convection and turbulent pressure. In spite of the simple one-zone modeling, this is a very interesting finding and we attribute this case to the instability strip of variable red giants and supergiants.

Acknowledgements. This work has been supported by MCYT grant AYA2002-04094-C03-01, CIRIT, INAF and PRIN 2003. A.M. acknowledges the UPC and INAF-OAR grants allowing her to conclude and present this work.

References

Munteanu, A. et al. 2005, ApJ, 627 (2), 454 Stellingwerf, R. F. 1986, ApJ, 303, 119 (S86)