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Abstract. We describe a technique for estimating average temperatures
of Be star disks from analysis of ultraviolet spectropolarimetry. The
technique utilizes the fact that the spectrum of the scattered starlight
is sensitive to the circumstellar opacity, and hence temperature, since the
signature of the disk material is imprinted on the scattered light spectrum.
Analysis of the polarization spectrum thus allows us to disentangle the
relative contributions of the star and disk, and thereby obtain an estimate
of the average disk opacity as a function of wavelength. Using an LTE
line-blanketed model (containing about 108 spectral lines) for the opacity,
we determine a theoretical opacity as a function of temperature. By
comparing this to the opacity deduced from the spectropolarimetry, we
can estimate the average disk temperature. For classical Be stars, the
relative strengths of the Fe 11 and Fe 111 multiplets at around 2400A and
19004, respectively, are a sensitive temperature diagnostic, so that the
temperature estimate can be made within +1000K. We demonstrate our
technique with analysis of UV spectropolarimetry (from WUPPE) of the
classical Be star { Tau, for which we infer an isothermal disk temperature
of 14000K.

1. Introduction

Spectropolarimetric observations of Be stars in both optical and ultraviolet (UV)
wavelength ranges are now more widely available. Recent high-quality optical
data have been obtained with the Halfwave Polarimeter (HPOL) at the Pine
Bluff Observatory (PBO), and UV data were obtained with the Wisconsin Ultra-
violet Photo-Polarimeter Experiment (WUPPE) during the Astro-1 and Astro-2
missions. Figure 1 shows an example (for ¢ Tau) of the complete range of data
now available for a number of Be stars.

Earlier models including only hydrogen opacity were able to fit existing op-
tical spectropolarimetric data rather well; such analysis can provide information
about the disk geometry and density (Wood, Bjorkman, & Bjorkman 1997).
However, it has been clear for some time that simple hydrogen-only models do
not adequately explain the UV spectropolarimetric observations obtained by
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Figure 1.  The polarization data for ¢ Tau from the UV to the near-
IR. (Adapted from Wood et al. 1997)

WUPPE (Bjorkman et al. 1991; 1993). The UV observations show pronounced
line-blanketing depolarization due to the presence of substantial opacity from
metal lines (Bjorkman et al. 1991), and the line blanketing shifts from Fe 111
to Fe 11 as the temperature decreases. Theoretical models of LTE line opacity
show that the shift from Fe 11 to Fe 11 occurs at a temperature of about 13000K.
This effect provides a means of using UV spectropolarimetry to diagnose tem-
peratures within the disk itself.

2. Method

We have used theoretical models of LTE line opacity to compare with an “effec-
tive opacity” derived from the spectropolarimetric observations. The polariza-
tion level depends on the opacity of the disk as a function of wavelength, since
the polarized light is attenuated by its passage through the disk.

To obtain the effective opacity as a function of wavelength, we employed a
simple model in which we assumed that (at each wavelength) the albedo was a
constant independent of position in the disk. We then used a Monte Carlo model
(Wood et al. 1996) to determine the polarization, P, as a function of albedo,
a = o./(k + 0¢), for several inclination angles. For each inclination angle, we
normalized P(a) by its maximum, Py.x = P(1). By doing this, we effectively
remove the inclination angle dependence, and the normalized polarization is
approximately the same for all inclination angles. A simple fit to the Monte
Carlo results gives

P/ Prax = 1.22a — 0.2242 . (1)
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Figure 2. The best fit model for the effective opacity (determined
from the polarization). The bold line is the opacity derived from the
spectropolarimetry, while the thin line is the best fit model, at an
average disk temperature of 14000 K.

Inverting this equation, we find that the albedo as a function of wavelength
is given by
_ 2P(\)/ Prmax
a() =
1.22 + /1.448 — 0.88P())/ Prax

Figure 2 shows the opacity, k/o. = (1/a) — 1, obtained from the polarization
shown in Figure 1. Overplotted on this is the best fit theoretical model, derived
as follows.

For the theoretical opacity, LTE level populations were calculated using
partition functions from Traving, Baschek, & Holweger (1966), utilizing compu-
tational routines from the TLUSTY program (Hubeny, private communication).
Spectral line data (about 10° lines) were taken from the Kurucz (1998) line lists.
The lines were broadened using a “square” line profile function, ¢,, with an ef-
fective velocity width Av to account for rotation and expansion in the disk:

1 A

2)

by

The albedo is averaged over each wavelength bin (denoted by index )
1 [r+AX 1
V= S 4
(a2> A)\ As 1+H/0'edA, ( )

where & is the total line opacity, summed over all lines. Note that the average
albedo is equivalent to using the Rosseland mean opacity.
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This theoretical opacity is then compared to that obtained from the po-
larization observations. The temperature was varied to get the best fit to the
observations. The primary temperature indicators were the Fe I11I line blends at
around 1900A and the Fe 11 line blends from 2400-2600A. By matching these
two regions, we were able to determine a temperature to within about 1000K.
Since we have assumed a constant albedo with position in the disk, the derived
temperature represents a sort of global average temperature of the material in
the disk. Since the polarization is produced within only a few stellar radii, this
temperature is probably dominated by material relatively close to the star.

3. Conclusions

In the case of ¢ Tau, we estimate an average disk temperature of 14000K. By
comparison, the stellar temperature is around 19000K (Wood et al. 1997), so
we find that Ty = 0.75Tcg.
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