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Core modes as a seismic probe of mixing beyond the convective core
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The debate on the extent of mixing beyond the convective core is not yet settled. For
intermediate mass stars, 1.2 – 2 M�, where the convective core tends to grow, three mixing
recipes must be considered. These are: the layered model (LY; Spruit 1992), which assumes
no mixing, the semi-convective model (SC; Schwarzschild & Härm 1958), where moderate
mixing occurs, and the overshooting model (OV), where the extent is the largest and may be
suitably chosen. There is a subset of stochastically excited modes which is particularly useful
for sounding the partially mixed layers above the core. I will refer to this subset as core modes
because these modes are partially trapped in the g-cavity encompassing the inhomogeneous
layers. The consecutive core modes (k = 1, 2, etc.) are nearly equidistant in period. The

 = 1 core modes are expected to have larger surface amplitudes compared to the modes
of higher degree, not only near the avoided crossing frequency and hence should be easily
detected.

I tested whether the mixing recipes may be distinguished with the use of core modes. For
testing I chose η Boo, for which the possible presence of core modes was suggested (Di Mauro
et al. 2003). I looked for such modes in the rich oscillation spectrum from MOST (Guenther
et al. 2005). Possible dipole modes were identified by their large departure from the 
 = 1
p-mode ridge in the echelle diagram. I identified 7 possible dipole core modes. Only model
calculations could be used to state which of these modes are dipole core modes.

I calculated evolutionary models of η Boo for three mixing recipes. The 0.1 Hp over-
shooting distance was adopted. The models were constrained by the following non-seismic
observables: effective temperature, Teff , luminosity, L, surface metallicity, (Z/X )s and two
seismic parameters derived from the 
 = 0 ridge in the echelle diagram: the mean large sepa-
ration, D, and the width of the ridge, ΔνD . In these models there are core modes up to k = 3
(see Table 1). However, our identification procedure could have eliminated the core modes,
whose frequencies were too close to the p-mode ridge, from the observed spectrum. Thus,
we should expect at most 3 dipole core modes. The remaining peaks could be attributed to
modes of higher 
 or just artifacts.

Identification of possible core modes was done using the Π − ΔΠ diagram, where Π
stands for period and ΔΠ stands for the period difference between two consecutive modes. I
identified 7 pairs of peaks as k = 1 or k = 2. If we assume that only two peaks correspond to
core modes, we cannot exclude any of the mixing recipes considered because we don’t know
which 5 peaks have to be rejected. On the other hand, if we assume that three peaks, found
to be nearly equidistant in period, correspond to core modes, then the layered model (LY) is
favoured. Of course, we don’t know which case we deal with. Clearly, the available data do
not allow us to distinguish the mixing recipes. In part this is due to ambiguities in the mode
identification, which may vanish for a much cleaner spectrum. In part it is due to rather

α t [Gyr] Π1, Π2, Π3 [min]
LY 2.10 2.384 15.44 21.58 28.33
SC 1.95 2.402 18.42 25.80 33.22

OV0 1.95 2.244 23.16 32.22 39.49

Table 1: Parameters of central models re-
producing the observables of η Boo for
the three mixing recipes. In columns we
find the values of the mixing-length pa-
rameter, age and periods for the first three
dipole core modes. The models have iden-
tical mass of 1.71 M� and common ini-
tial chemical composition, X0 = 0.73 and
Z0 = 0.034.



152 Core modes as a seismic probe of mixing beyond the convective core

poor constraints for models, which result in large uncertainties of Π and ΔΠ. This may be
improved by reducing uncertainties of temperature, metallicity and oscillation frequencies.
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