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Abstract. For S Set stars, the theoretical predictions of a non-adiabatic 
pulsation code are very dependent on the characteristics of the thin con
vective envelope of the models (Balona & Evers 1999). The treatment of 
the non-adiabatic interaction between convection and pulsation also has 
a significant impact on the results, particularly near the red edge of the 
instability strip. The non-adiabatic theoretical predictions can be tested 
upon observations by comparing them to the amplitude ratios and phase 
differences as observed in different color passbands (Dupret et al. 2003). 
In the first part of this paper, we compare the results obtained by adopting 
different treatments of convection in the interior and atmosphere mod
els: mixing-length theory (MLT) and full spectrum of turbulence (FST) 
(Canuto et al. 1996, CGM). In the second part, we examine the prob
lem of the interaction between convection and pulsation and compare 
the mode stability obtained with and without including time-dependent 
convection in our non-adiabatic code. 

1. Sensitivity of non-adiabatic pulsation observables on stationary 
convection models 

1.1. Convection in interior and atmosphere stellar models 

S Set stars (A-F type stars) have a thin, inefficient superficial convective zone 
extending up to the photosphere. In this paper, we compare the results obtained 
with different convection models in the interior and in the atmosphere of the 
star, following the MLT approach with a = l/Hp = 0.5, a = 1.25 or the FST 
approach. The interior models were computed using the evolutionary codes 
ATON3.0 (FST and MLT) and CLES (MLT). For the atmosphere models, we 
have used the ATLAS9 MLT models with a = 1.25 (Kurucz 1993) and a = 0.5 
(Heiter et al. 2002); and the ATLAS9 FST models (CGM) (Heiter et al. 2002). 
All the models of this section are with Teff = 7400 K and log g = 4.0. 
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Figure 1. Phase-amplitude diagrams obtained for different models 
of convection, for modes of degree £ = 0, 1, 2, 3. The constant of 
pulsation is Q = 0.015 d in the left panel and Q = 0.033 d in the right 
panel. 

1.2. Results 

We performed non-adiabatic computations for all these models using the non-
adiabatic code MAD (Dupret et al. 2002). The phase-lags and the effective 
temperature variations predicted by the non-adiabatic pulsation code appear 
to be very sensitive to the details of the thin convective zone. Theoretical 
multi-color photometric amplitude ratios and phase differences depend on these 
non-adiabatic results and on the monochromatic flux and limb-darkening of the 
atmosphere models (Dupret et al. 2003). The limb-darkening coefficient for the 
FST models have been taken from Barban et al. (2003). In Fig. 1, we show the 
results obtained in phase-amplitude diagrams for Stromgren filters. 

2. Non-adiabatic interaction between convection and pulsation in 
5 Scuti stars 

2.1. Non-adiabatic convection theory of Gabriel (1996) 

Turbulence is usually described in terms of mean and fluctuation equations. In 
the theory of Gabriel (1996), the fluctuation equations of continuity, of motion 
and of energy conservation have respectively the following linearized form. 

V - V = 0, (1) 

dV A p - „ A „ 8pV - „ ^ 
j o — = —-VP - V A P - -£ pV • Vw, 

at p 3TC 

A (pT) ds dAs T 7 „ r-1 + 1 A — ; — + —— + V • Vs = As , 
pT dt dt TC 

(2) 

(3) 
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where TC is the life time of the convective elements and V is the convective 
efficiency. 

Stationary solutions of the above equations lead to the classical MLT theory 
of Bohm-Vitense. The Lagrangian perturbation of the mean equations gives the 
linear pulsation equations, where unknown terms such as the perturbation of 
the convective flux appear: 

sfc=Jc(^+
d-l+6-I-\+cppT(jAs¥ + Xs6f) . (4) 

The unknown correlation terms of Eq. (4) can be obtained from the fluctuation 
equations. More precisely, we perturb Eqs (1) to (3) and search for solutions 

of the form 6 (AX) — 6(AX)% elk'r eiat. Then we integrate these particular 
solutions over all values of k$ and k^ such that fe| + k\ = Ak% (A = 1/2 for an 
isotropic turbulence). Finally, the perturbed convective flux takes the following 
form: 

SFC = 6Fcr (r) Yr(6,<f>) er + SFch (r) (r Vfcy,m (0,4>)) 

and the problem is naturally separated in spherical harmonics. <5Fcr (r) and 
<S-Fch (r) are related to the perturbed mean quantities by first order differential 
equations. 

The main source of uncertainty of any MLT theory of convection-pulsation 
interaction is in the way to perturb the mixing-length I. Gough (1977) proposed 
to perturb only the pressure scale height: 61/1 = 8Hp/Hp. However, it can be 
expected that the perturbation of the mixing-length becomes negligible when the 
life-time of the convective elements is much longer than the period of pulsation, 
this can be reproduced for example by adopting: 

Sl/l = 1/(1 + (arc)
2) SHp/Hp . 

2.2. Red edge of the JScuti instability strip 

A very good confirmation of the quality of our time-dependent convection treat
ment is that it is able to reproduce the red edge of the S Set instability strip, 
contrary to models with frozen convection. In Fig. 2, we give the evolution of 
the dimensionless frequencies (u = afdyn) of I = 2 modes as a function of effec
tive temperature and age, for 1.8 M© models with overshooting QOV = 0.2 and 
mixing-length parameter a = 1.5. The right panel corresponds to the results ob
tained with time-dependent convection in our non-adiabatic code, the left panel 
is without. 

3. Conclusions 

The theoretical non-adiabatic amplitudes and phases of effective temperature 
variations, as well as the monochromatic flux and limb-darkening derivatives are 
very sensitive to the stationary convection models in the thin convective enve
lope of 5 Set stars. This has a significant impact on the photometric amplitude 
ratios and phase differences as observed in different color passbands. A con
frontation with accurate observations could thus allow discrimination between 
these different convection models. 
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Figure 2. Stable and unstable modes obtained with (right) and with
out (left) including time-dependent convection in the models. 

Our non-adiabatic time-dependent treatment of the interaction between 
convection and pulsation allows us to predict a red edge of the 6 Set instability 
strip in agreement with observations for radial as well as for non-radial modes. 
This red edge cannot be obtained with frozen convection models. 
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