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Abstract. Recently, Reese et al. (2008), Lignières & Georgeot (2008) and Lignières & Georgeot
(2009) showed that the frequencies of low-degree acoustic modes in rapidly rotating stars, also
known as “island modes”, follow an asymptotic formula, the coeﬃcients of which can be deduced
from ray dynamics. We investigate how this asymptotic behaviour is aﬀected by µ gradients by
comparing pulsation spectra from models with and without such a discontinuity.
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Rapid rotation strongly modiﬁes both the geometry of pulsation modes and the organisation of the associated frequency spectrum. Recently, using both 2D calculations and
ray dynamics, Reese et al. (2008), Lignières & Georgeot (2008) and Lignières & Georgeot
(2009) showed that the frequencies of low-degree acoustic modes in rapidly rotating stars,
also called “island modes”, obey an asymptotic formula, for which two of the coeﬃcients
can be given in terms of travel time integrals. An open question is how such a formula
will be aﬀected by a strong compositional gradient.
In order to answer this question, we study the pulsation modes of rapidly rotating
3 M stellar models with the following compositions:
• Model 1 : uniform composition (X = 0.70, Z = 0.02)
• Model 2 : H poor interior (X = 0.35), H rich envelope (X = 0.70)
• Model 3 : H rich interior (X = 0.70), H poor envelope (X = 0.35)
Model 3 is unrealistic, since nuclear reactions deplete hydrogen starting from the interior,
but remains useful for the purposes of comparison. Furthermore, the density jumps in
models 2 and 3 were chosen to be close to the surface in order to investigate the eﬀects
of µ gradients on acoustic modes. In reality, such jumps are likely to be located near the
core and to have a stronger eﬀect on gravito-inertial modes.
The models were produced using the ESTER code (Espinosa Lara & Rieutord 2007,
Rieutord & Espinosa Lara 2009), which uses a multi-domain spectral approach, and a
surface-ﬁtting spheroidal coordinate system based on Bonazzola et al. (1998). In the
present study, the rotation proﬁles have a constant value on the surface and were r and
θ dependant in the interior, as a result of baroclinic eﬀects. The pulsation modes were
calculated using the TOP code (Reese et al. 2009), fully including the eﬀects of spheroidal
distortion and diﬀerential rotation.
Figure 1 shows the meridional cross section of the same pulsation mode in models 2
and 3. The sound speed decreases across the jump when going towards the interior of
model 2, thereby causing the pulsation mode to be slightly deﬂected towards the centre,
whereas the opposite occurs in model 3.
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Figure 1. Meridional cross-section of the same pulsation mode in models 2 and 3. The jump
in sound speed, represented by the black internal line, causes a slight deﬂection of the mode.

Figure 2. Frequency separations, as a function of m, between high order modes with ˜ = 0
and consecutive ñ values.

Figure 2 shows the frequency separations, ∆ñ = ωñ +1, ,m
− ωñ , ,m
of high order modes
˜
˜
as a function of the azimuthal order, m. The pseudo-radial orders, ñ, go from 36 to
39. As expected, model 1 displays a smooth behaviour, since there are no µ gradients,
whereas model 2 has an oscillatory behaviour. Nonetheless, these results must be taken
with caution since the uncertainties on the frequencies of model 2, possibly as a result
of numerical irregularities in the derivatives of Ω, are of the same order of magnitude as
the oscillations present in the ﬁgure.
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