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Abstract. What drives acoustic modes in magnetic, radiative stars,
such as the rapidly oscillating Ap (roAp) stars? We propose that oscil-
lations in the shape of the magnetic field can drive magnetosonic waves,
which are observed as p modes. The force-free atmosphere minimizes
magnetic energy. If the field is strong enough, the magnetic configuration
can oscillate about its equilibrium state. Initial calculations showed that
the wavenumbers, frequencies, and available energy are consistent with
observations of roAp stars (Zita 1997). We present the results of new cal-
culations and proposed tests of our model. We also discuss the resultant
< v X b > dynamo, which may shed light on observations in B stars.

1. Overview

The source of p modes in roAp stars is an unanswered question. Several
hypotheses have been proposed in recent years. The opacity mechanism familiar
in & Scuti stars is damped by radiation in roAp ionization zones (Dziembowski &
Goode 1996). An attempt to use the x mechanism by imposing a steep edge tem-
perature rise leads to unobserved long-period modes (Gautschy, Saio, & Harzen-
moser 1998), which are then theoretically suppressed by invocation of selective
He draining. However, important new calculations (Matthews, Kurtz, & Mar-
tinez 1999) suggest that roAp stars may be cooler than previously believed, not
warmer. Interesting new work builds on Shibahashi’s (1983) magnetoconvection
model to describe p-mode selection in the weakly magnetic (dipole) dense body
of roAp stars, where oscillations have low amplitude and high energy (Balm-
forth et al. 2000). Our model builds on Berger’s (1985) force-free field solutions
to describe p-mode driving in the strongly magnetic (multipole) atmosphere of
roAp stars, where oscillations have high amplitude and low energy.

2. Magnetic Oscillations in A Stars

In the dynamic edge of roAp stars, where mHz p modes are observed (Kurtz
1990), the force-free magnetic field has a twisted multipole shape (Zita 1999).
Small perturbations to this equilibrium configuration can increase the twist of
the fleld in one hemisphere and decrease the twist in the other, conserving total
helicity. These longitudinal oscillations in the mean magnetic field (b) induce, by
Faraday’s law, a perpendicular oscillating electric field F. The familiar £ x B
drift drives compressional velocity fluctuations (v). (At 107% the mean field

386

https://doi.org/10.1017/50252921100058140 Published online by Cambridge University Press


https://doi.org/10.1017/S0252921100058140

Magnetic Oscillations in Radiative Stars 387

strength, b is below detection limits, for velocity fluctuations of 200 m/s.) These
are simply magnetosonic waves in a spherical shell. Hydrostatic equilibrium cal-
culations yield mHz magnetosonic frequencies for stars with 1.5-2.5 Mg and field
strengths between 1-2 kG. We find that frequencies generally increase with mass
and decrease with field strength. Our prediction that multipole magnetic fields
drive multipole (£ > 1) p modes can be tested by measuring the distribution
of surface metal spots (Kuschnig 1998) and by comparing equivalent widths of
hydrogen and metal absorption lines (Viskum et al. 1998) Low-amplitude oscil-
lations in the underlying dipole region may perturb the star’s multipole magnetic
surface, driving these trapped magnetosonic waves. Thus, the p modes are res-
onant with magnetic oscillations about a magnetic energy well.

3. Turbulent Dynamo and B Stars

Nonlinear coupling between fluid compressions (v) and magnetic oscillations (b)
can result in a mean electric field Eqynamo, which can sustain the mean magnetic
field (Zita 1999). This < v X b > dynamo mechanism may be more efficient in
radiative stars than the usual @ — w dynamo, if convection is lacking. New
observations suggest magnetic fields in B stars (Smith & Robinson 1999). Non-
magnetosonic oscillations may also contribute to this dynamo in very hot stars.
The strength of the dynamo depends crucially on the phasing of the v and b
oscillations. Further investigation requires nonlinear computational modeling.
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