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Abstract. Phase lag, U7 and R, a parameter measuring the departure
from adiabaticity, can be derived directly from multicolor photometry.
The same quantities can also be calculated from theoretical non-adiabatic
pulsation models. We present here some preliminary theoretical results
which indicate that these quantities depend on the mixing length param-
eter used to treat convection in the standard ML theory. The comparison
favours models with a values between 1 and 1.5Hp. Non-adiabatic mod-
els also predict the observed phase lags for the newly discovered v Dor
g-mode pulsating stars.

1. Introduction

The linear aproximation to radial and non-radial flux variations of a pulsating
star was first derived by Dziembowski (1977) and then reformulated by Balona
and Stobie (1979a,b) and by Watson (1988) in the form which we are using
now. Several attempts to fit real observations, FG Vir in Breger et al. (1999),
BI CMi in Breger et al. (2001a), 44 Tau in Breger et al. (2001b), V1162 Ori
in Arentoft et al. (2001) and several other stars in Garrido (2000) have shown
that the method can be useful at least for low rotational velocities. For one star
- 20 CVn - spectroscopic observations by Chadid et al. (2001) confirm results
previously found from multicolor photometry — presented by Rodriguez et al.
(1994) - in the sense that this star is a radially pulsating object.

The main difficulty of the method lies in the high precision needed for the
individual phases of each photometric band, usually better than 1 degree. Gar-
rido et al. (1990) also showed that for low ¢ values the wavelength dependence
of the limb darkening integrals appearing in the linearised formula is very weak,
allowing combinations of several colors — at least three distributed in a range as
wide as possible - to give consistent values for the couple (U7, R). Results for §
Scuti and v Dor stars were taken from Garrido (2000) and have to be compared
with the non-adiabatic theoretical results presented in the following section.
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2. Non-adiabatic non-radial theoretical models

The equilibrium models we are using here have been extensively used for other
purposes. They have mainly been used to predict properties of double-lined
eclipsing binaries and to compare theoretical mass distributions with those de-
duced from observed apsidal motion rates (Claret, 1995, 1997). Adiabatic and
non-adiabatic codes have been developed following Unno et al. (1989). The
inclusion of non-adiabatic calculations allows us to derive values for the cou-
ple (I7 R). Boundary conditions are those used in Unno et al. but with a
different normalization, we use y, = (p'/p+ ¢')/gr = 1 at 7 = 0. The effect
of different boundary conditions is now under study. Rotation and interaction
convection-pulsation are completely ignored in this study. Stars for which we can
derive reliable (7', R) values are the so-called High Amplitude Delta Scuti Stars
(HADS) since we need a very high precision in order to derive phase differences
among different colors.

3. Comparison with observations

Fig. 1 shows a general comparison of the data, as deduced from Stromgren 4-
color photometry, with theoretical predictions. Note the fair agreement with
observations in the wide range described by the ¢ Scuti stars on one side and
the v Dor on the other. Observations and theoretical predictions point towards
UT = 0° for the newly discovered v Dor stars and, as it was known, an angle
around 102° for § Scuti stars. It is also to be noted here that predictions give
R values close to those observed. The non-adiabatic effects are seen mainly
in the eigenfunction describing the temperature perturbations and originate in
the regions where opacity bumps exist. The reason why the phase of the ra-
dial perturbations follows the temperature perturbations for the g-modes is the
proximity of a node. In general, the phase angle ¥7 changes from —7 to m when
one goes from a high order g-mode to a high order p-mode and the physical
reason is the choice of the external boundary condition. The form in which the
eigenvalue appears in the formula implies a jump in the relationship between
temperature and gravity relative perturbations, dominating the behaviour of
the non-adiabatic couple (U7, R). The physical reality of this boundary condi-
tion can be observationally tested by measuring these non-adiabatic quantities
from multicolor observations. The effect of different mixing length o parameters
on (¥7, R) becomes more important as the convection zone grows larger. The
effect is dramatic for a 1.6 Mg model, typical of a 4 Dor star. Nevertheless even
for hotter and non-convective stars, such as the g Cephei stars, the effect on the
color phases could be important for modes which are not centered around the
fundamental radial, for which the predicted phase differences are very small.

Future asteroseismology space missions, such as COROT and MONS where
color is implemented, will supply — because of the expected high precision for
phase differences in different colors — an important database to test real star
atmospheres through the study of their non-adiabatic properties.
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Figure 1. General comparison of the data, as deduced from
Strémgren 4-color photometry, with theoretical predictions.
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