
Radial and Nonradial Pulsations as Probes of Stellar Physics 
ASP Conference Series, Vol. 259, 2002 
C. Aerts, T.R. Bedding, & J. Christensen-Dalsgaard, eds. 

On the Equatorial Mass-Loss Rate of B e Stars 

A.T. Okazaki 

Faculty of Engineering, Hokkai-Gakuen University, Toyohira-ku, 
Sapporo 062-8605, Japan 

Abstract. We numerically study the formation process of equatorial 
disks around isolated Be stars, using an SPH code. We find that the vis­
cous decretion disk model naturally explains the observed disk formation 
episode of X Per, giving the equatorial mass-loss rate of several x lO - 9 

(po/10~10gcm~3) M Q yr _ 1 , where po is the base density of the disk. 

1. Introduction 

The circumstellar envelope of Be stars has two components: a polar wind and an 
equatorial disk. The former is a low-density, fast outflow driven by strong lines 
(e.g., Castor et al., 1975), whereas the latter is a high-density plasma rotating 
at a near-Keplerian speed. The mass-loss rate in the equatorial disk has been 
measured only during the disk formation phase. Telting et al. (1998) found that 
for X Per, the equatorial mass-loss rate was as high as 4 — 5 x 10~9MQ yr - 1 for ~ 
2 yr. The purpose of this paper is to examine numerically the equatorial mass-
loss rate during the disk formation phase and compare it with the observed 
value, based on the viscous decretion disk model (Lee et al., 1991), which is 
consistent with many observed features. 

2. Numerical method and assumptions 

The simulations presented here were performed with a 3D SPH code. The 
artificial viscosity was adjusted so as to keep the Shakura-Sunyaev viscosity 
parameter a constant. To model the mass ejection from the Be star, particles 
rotating at the Keplerian velocity were injected, at a constant rate, at r = 
1.02i?*, where R* is the stellar radius. We took a star of M* = 1 8 M Q , Rt — 
8RQ, and Teg = 26000K. The Be disk was assumed to be isothermal at 1/2̂ 1eff-

3. Disk structure 

Fig. I shows the surface density evolution for a = 0.1 (left) and a = 1 (right). We 
note that the disk structure gradually approaches that of steady state (S oc r - 2 ) . 
As expected, the radial velocity is subsonic and the disk is near-Keplerian. 
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Figure 1. Evolution of the surface-density distribution for a — 0.1 
(left) and a = 1 (right). The time interval between adjacent contours 
is 0.5 yr (t = 0.5yr, lyr , . . . , 3yr from left to right). 
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Figure 2. Evolution of the decretion rate Mdec (thin line) and the 
disk mass Mdisk (thick line) for a = 0.1 (left) and a = 1 (right). The 
decretion rate is measured at r = 1.04.R* and averaged over ~9 days. 

4. Decretion rate 

Figure 2 shows the change in the decretion rate Mdec and the disk mass Mdisk 
during the disk formation phase for a = 0.1 (left) and a = 1 (right). As the disk 
grows, the decretion rate decreases. For the first several years, Mdec ~ several 
x lO - 9 (po/ lO _ l o gcm - 3 )M0yr - 1 . Note that the relation between Mdec and po 
is consistent with that observed for X Per. 
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