Comm. in Asteroseismology
Vol. 150, 2007

Instability strips of main sequence B stars: a parametric study of iron
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Abstract

The discovery of 3 Cephei stars in low metallicity environments, as well as the difficulty
to theoretically explain the excitation of the pulsation modes observed in some 3 Cephei
and SPB stars, suggest that the iron opacity “bump” provided by standard models could be
underestimated. We investigate, by means of a parametric study, the effect of a local iron
enhancement on the location of the 8 Cephei and SPB instability strips.

The excitation of the pulsations of the 3 Cephei and SPB stars is challenging current
theoretical models, since the latter cannot satisfactorily reproduce the observations of 8 Cep
stars in low metallicity environments (e.g. Kotaczkowski et al. 2006), the excitation of the
observed pulsation modes in some 3 Cep stars (Pamyatnykh et al. 2004, Ausseloos et al. 2004,
Handler et al. 2005), the excitation of hybrid SPB and 3 Cep pulsators, and the observations
of SPB-type pulsations in “cool” B-type stars (Antonello et al. 2006, Bruntt et al. 2006).

As discussed by Miglio et al. (2007), the current uncertainties on opacity calculations, and
on the assumed metal mixture, have a significant impact on the excitation of modes in both
B Cep and SPB stars. Nonetheless, these uncertainties may not be sufficient to explain the
whole discrepancy between theoretical predictions and observations.
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Figure 1: Instability strips represented in a log Tes-log P diagram. In each panel, the two regions of
unstable modes represent 3 Cep- and SPB-type pulsations.
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We therefore investigate another possible solution to the problem: we follow the suggestion
by Cox et al. (1992) and Pamyatnykh et al. (2004) and carry out a parametric study of the
effect of local iron enhancement on the stability of SPB and (3 Cep stars. We base our
parametric description on Fe accumulation profiles as found in models of A—F stars with
diffusion and radiative accelerations (Richard et al. 2001; see also Bourge et al. 2006a,b for
B stars). At each time step in the evolution we increase the Fe mass fraction in the chemical
mixture. The increase is described by a Gaussian function centred at log T ~ 5.2, where this
value is justified by calculations of radiative accelerations using the OP web server (see also
Bourge et al. 2007). We calculate the opacity by interpolating between several OPAL tables
computed with different mass fractions of Fe in the chemical mixture. Although the results
depend on the Fe accumulation rate, we find (see Fig. 1) that the SPB/3 Cep instability
strips becomes wider (in particular the SPB-type instability occurs also at lower T), higher
frequency modes are excited in 3 Cep models and a larger number of 3 Cep models is found
to be excited for Z=0.01.
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