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Abstract. Be stars are B-type stars near the main sequence which undergo episodic mass loss
events detected by emission lines, whose line shape and intensity vary with a timescale of the
order of decades. Spectroscopic observations show a large rotation velocity such that one of the
prevailing scenarios for the formation of the equatorial disk consists in an increasing equatorial
rotation velocity to the break-up limit where gravity is challenged by the centrifugal force. We
investigate here a new scenario recently suggested by Ishimatsu & Shibahashi (2013), in which
the transport of angular momentum through the photosphere would be achieved by leaky waves,
keeping the rotation velocity still below the break-up limit.
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1. Leaky-wave-induced disks – scenario
The emission lines in the spectrum of Be stars are now widely accepted to be due

to episodic mass-loss from the equatorial region of the star, occurring quasi-periodically
and forming a cool circumstellar disk (e.g. Porter & Rivinius 2003). One of the prevail-
ing scenarios for the formation of the equatorial disk consists in an increasing equatorial
rotation velocity to the break-up limit where gravity is challenged by the centrifugal
force. Whether Be stars rotate at the critical break-up limit or not (e.g. Ekström et al.
2012; Granada et al. 2012) remains unclear although their high rotation places Be stars
in the center of discussions about angular momentum (AM) transport. Non-radial os-
cillations have then been investigated as another mechanism to transport the AM and
increase the rotation up to the break-up velocity (e.g. Neiner et al. 2013). Recently, Ishi-
matsu & Shibahashi (2013); Shibahashi (2014) suggested a new scenario in which the
transport of AM through the photosphere would be achieved by leaky waves, keeping
the rotation velocity still below the break-up limit. In this scenario, g-modes (excited
by the κ-mechanism operating in the iron opacity bump) redistribute the AM but the
wave leakage through the photosphere prevents a large deposition of AM at the stellar
surface keeping a lower surface velocity. The waves are not fully reflected at the stellar
surface and loose therefore their standing wave characterisctic. A reflection occurs when
the frequency of the mode is larger than a critical frequency. This latter one increases
with the rotation velocity and the reflective boundary may no longer occur for a high
rotation rate, allowing the wave leakage and the transport of AM to the circumstellar
envelope to form a disk. The wave loses then its energy and the oscillations are damped.
Episodic mass loss would occur in a timescale of the order of the mode lifetime.
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Figure 1. Dimensionless angular frequency range for excited modes computed for l = 1 to 50
in a 10 M� model with Xc = 0.17. Red dots stand for the stable modes while solid red circles
stand for the unstable modes.

2. Stellar and pulsational models
Stellar evolution models were computed with CLES (Scuflaire et al. 2008). We adopted

the AGS05 metal mixture (Asplund et al. 2005), the corresponding OP opacity tables
(Badnell et al. 2005), X = 0.070 and Z = 0.014 and a convective core overshooting of 0.1.
Non-adiabatic computations have been performed with MAD (Dupret 2002), in which
the traditional approximation for rotation has been implemented (Bouabid et al. 2013)
to perform modes for 1 � l � 4. The efficiency of wave leakage (given by the integral
over the surface of the wave kinetic energy) should increase with the rotation as the
critical frequency increases. We derive an increase by 75% of the wave leakage between
Ω/Ωc = 0.37 and Ω/Ωc = 0.55 showing, indeed, an increasing efficiency of the leaking
effect with rotation. These results are however preliminary and further investigation need
to be carry on. The lack of observational evidence of non-radial oscillations in all Be stars
is not invalidating the scenario. Indeed, high degree l oscillation modes are expected to
be excited in the Be star mass range. Figure 1 shows the range of dimensionless angular
frequencies for g-modes (l = 1 to 50) in a 10 M� model (without rotation) near the end
of the main sequence. l = 4 to 26 modes are found unstable. The lifetimes of such modes
are in good agreement with the quasi-periodic Be phenomenom (9.45 year for a mode of
l = 15, ω = 1.25, P = 12h).
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