EPJ Web of Conferences 152, 06008 (2017) DOI: 10.1051/epjconf/201715206008
Wide-Field Variability Surveys: A 21" Century Perspective

Non-radial modes in AGB stars
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Abstract. The success of asteroseismology in characterising G-K giants has motivated
the extension of the same techniques to stars after the central He-burning and M-giants.
The latter have been usually studied only as radial pulsators; the presence, however, of
fine-structure in the period-luminosity diagram of red variables in the Magellanic Clouds
could result from the presence of non-radial oscillations, offering the potential of obser-
vational indexes based on non-radial oscillations also for luminous red giants. We present
here the results of a first approach aiming to identify the origin of the sub-ridges in the
sequence A of the LMC red variables.

1 Method and results

After the central H- and He-burning, the density contrast between the core and the envelope increases
with luminosity, and these stellar regions become dynamically decoupled. Radial and non-radial
modes are then strongly trapped in the envelope, and their oscillation frequencies are determined
only by the physical properties of that region. This hypothesis is generally accepted for radial and
quadrupole modes, but it does not always hold for dipole ones. We have verified its validity for dipole
modes (£ = 1) in 1.5 My AGB models, by computing £ = 1 frequency oscillations for complete and
envelope models. These results are consistent with those by [3] for luminous RGB stars.

Using the adiabatic oscillation code LOSC ([2]), we have computed radial and non-radial (¢ = 1,2)
oscillation frequencies for AGB envelope models ([1]) for three masses (0.8, 1.5 and 2.0 Mg) with
a significant representation in the LMC population synthesis. The left panel of Figure 1 shows the
period-luminosity (PL) diagram for a luminosity sequence of a 1.5 Mg envelope model. Adiabatic
computations do not allow to identify the dominant mode (P1), hence, we have considered all the
possible theoretical period-pairs from the 6 modes closest to Py (period at maximum emission in
the framework of stochastic oscillations). The results are shown in the right panel of Figure 1, a
Petersen diagram where we plot the period ratios log(P2/P1) and log(P3/P1) (P1, P2 and P3 are
the three observed periods for each star — black dots — in the LMC, with P1 being the dominant one)
against log P1[W,;x = 12] (the value of log P1 projected along sequence A, see [4] for details).
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Figure 1. Left panel: Luminosity versus period for radial and non-radial modes (dipole and quadrupole) of
1.5 Mg, envelope models along a luminosity sequence. Different lines correspond to fundamental and five con-
secutive overtones. Dotted black line is the PL relation corresponding to v, from scaling relation ([6]). Orange
symbols indicate the dominant modes as those with the largest growth rate given by the non-adiabatic radial
computation. Right panel: Petersen diagram as that in Figure 3 of [4]. Black dots correspond to period ratios
from LMC observations ([5]), and coloured ones to theoretical values obtained from luminosity sequences for
0.8, 1.5 and 2.0 My, LMC metallicity, O- and C-rich chemical composition. Different colours corresponds to
different pairs of angular degrees involved in the period ratio: £ = 0 and ¢ = 1 modes, blue dots; £ = 1 and £ = 2,
red-orange ones; ¢ = 0 and £ = 2, green ones. The lightest colours are for the highest mass, and the darkest ones
for lowest mass.

While the sub-ridges at log(P2/P1) ~ +0.05 seem defined by the periods of £ = 1 and £ = 2 modes
and their characterisation should require more detailed modelling, the sub-ridges at log(P2/P1) ~
+0.02 are completely determined by the period difference between £ = 0 and ¢ = 2 modes, and their
location does not depend on total stellar mass, He-core mass, or chemical composition (O- or C-rich
models).
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