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Abstract. This paper is the third in a series on the anisotropic
scattering by optically thin resonance lines in extended stellar envelopes. Considered here is the polarization arising from
resonance line scattering in equatorial disks. The shape of the
polarized line profile is analytically derived under simplifying
conditions of constant expansion or rotation for thin lines, with
stellar occultation and finite star depolarization effects also included. The polarized profiles for the two cases are radically
different. Moreover owing to the symmetries, rotation leads to
profiles in both Qν and Uν , whereas only a Qν profile survives
for an expanding disk, with Uν = 0 at all Doppler shifts in
the line. Retaining the assumption of optical thinness, numerical results are presented for more realistic disk velocity fields:
truncated linear expansion and Keplerian rotation. The calculations also include disk absorption of stellar continuum emission.
When compared with the simplified analytic cases, many of the
gross characteristics of the polarized profiles are retained.
Key words: line: profiles – polarization – stars: early-type –
stars: emission-line, Be – stars: rotation

1. Introduction
Circumstellar disks in one form or another appear to be a prevalent and important feature of many stars, such as protostars,
Be stars, the evolved B[e] stars, Luminous Blue Variables,
Asymptotic Giant Branch stars, cataclysmic variables, and on
galactic scales the Active Galactic Nuclei. Understanding these
disks in terms of their accretion properties and mass loss is an
important area of current research (the subject is far too broad to
list the many important studies regarding disks, but see for example reviews by Papaloizou & Lin 1995 and Lin & Papaloizou
1996 that touch on topics relevant to many disk systems). Consequently, new and improved diagnostic methods are of great
benefit for interpreting the observations of disk spectra, which
can then be used to constrain and guide theoretical models.
This paper is the third in a series to investigate anisotropic
resonance line scattering as a probe of the structure of circumstellar media. As discussed more thoroughly in Paper I (Ignace
Send offprint requests to: ri@astro.physics.uiowa.edu

1998a), the anisotropic and polarizing effects of scattering by
resonance lines was considered by Hamilton (1947), who described how resonance scattering may be treated as a mix of
isotropic and dipolar scattering, with the parameter E1 ∈ [0, 1]
characterizing the fraction of the total scattering that is dipolar
(see also Chandrasekhar 1960). Hence, E1 = 0 is pure isotropic
scattering, whereas E1 = 1 is pure dipole scattering, like that
of free electrons.
In Paper I, anisotropic line scattering in spherically expanding winds was discussed, especially of the redshifted emission
where absorption can largely be ignored. It was shown that the
emission profile shape can be altered by 10% at most for realistic
wind models. Of course, there is no net polarization in the line
profile for an unresolved spherical source. In Paper II (Ignace
1998b), circumstellar disks were considered. Unlike the spherical case where viewing inclination is arbitrary, it was shown that
interesting profile effects can be expected of equatorial disks.
However, only the total emission profile was modelled. This
third paper extends the work on disks to report on polarized
emission profiles 1 .
The continuum polarization that arises from electron scattering in equatorial disks has been considered in numerous papers.
Especially popular have been studies of Be star disks (Brown
& McLean 1977; Brown & Fox 1989; Fox & Brown 1991; Fox
1991; Bjorkman & Bjorkman 1994; Wood et al. 1997 to name
a few). Relatively few papers have focussed on the polarization
of line profiles in stellar winds, some exceptions being Caroff
et al. (1972), McLean (1979), Poeckert & Marlborough (1978),
McKenna (1984, 1985), Jeffery (1989, 1990), Wood & Brown
(1994ab), Brown & Wood (1994), and Harries (2000). And of
these, only a couple were concerned with polarization arising
from resonance line scattering (although it is worth noting that
quite sophisticated advances in line scattering polarization have
been considered in static and plane-parallel geometries, such
as Trujillo Bueno & Manso Sainz 1999 and Rangarajan 1999).
However, polarized line profiles potentially contain a wealth of
important information about the disk structure. The scattering
1
Ignace et al. (1999) have examined a simple case involving optically thin polarized line profiles from planar equatorial disks in constant
expansion, but the focus there was on a magnetic diagnostic method
called the “Hanle Effect”. In their study the star was treated as a point
source of illumination, with finite star effects being ignored.
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geometry relates directly to (a) the Doppler shifted frequency
at which resonance scattered light will appear in the profile and
(b) its polarization.
In Sect. 2, emission profile shapes are derived for optically
thin planar disks in pure expansion or rotation. Initially the expansion and rotation are assumed constant leading to analytic
expressions for the profile shape. Numerical profile calculations
are also given for disks in linear expansion or Keplerian rotation. A discussion of the results for observations and directions
for further study are presented in Sect. 3.
2. Resonance line scattering polarization
in planar equatorial disks
In deriving the emission profiles from equatorial disks, several
assumptions are made, as follows:
1. The intrinsic line profile is treated as a delta function in
frequency.
2. The line is optically thin.
3. The disk is axisymmetric and planar at the equator, hence a
delta function along the symmetry axis, z∗ (see Figs. 1 and
2 of Paper II).
4. Only pure radial expansion or rotation are treated.
This restrictive set of assumptions allows to focus on the effects
of the E1 parameter, viewing inclination i, and the disk velocity
field for the polarized line profiles.
The notation and formalism of Paper II are adopted. The new
considerations revolve around the polarized flux Qν and Uν . By
symmetry, the Stokes Uν flux is zero for an expanding disk since
it is left-right symmetric with respect to the viewing sightline.
However, for rotation, the disk is back-front symmetric only
if the star is approximated as a point source of illumination.
Occultation by the finite sized star breaks that symmetry, and
so a net Uν flux is generally to be expected for a rotating disk,
which will be shown below.
2.1. General expressions for optically thin
polarized line profiles in equatorial disks
Assuming optically thin line emission, the Stokes fluxes Fν , Qν ,
and Uν observed at frequency νobs in the profile corresponding
to velocity shift vz = vobs is given by a volume integral over
the isovelocity zone. Consider a star of luminosity Lν , distance
D, and radius R∗ . Light emanating from the star is scattered in
a disk with surface density Σ. The disk is permitted to have a
velocity field of the form (wR , wϕ ) = (vmax sin i)−1 (vR , vϕ ),
where vmax is some appropriate normalization constant for the
speed distributions vR and vϕ , the angle i is the viewing inclination of the disk, and cylindrical coordinates (R, ϕ) are used.
Introducing a normalized cylindrical radius $ = R/R∗ , the
Stokes fluxes will then be

Z 
1
Fν
2
2
˜
˜
J ν − E1 (3K̃ ν − J ν )(1 − 3 sin i cos ϕ0 )
=
F0
8
wz
−1

× |wR sin ϕ0 + wϕ cos ϕ0 |

(Σ/Σ0 ) $ d$,

(1)
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Z

Qν
3
E1
=
(3K̃ ν − J˜ν )
F0
16
wz


× sin2 i − (1 + cos2 i) cos(2ϕ0 )
−1

× |wR sin ϕ0 + wϕ cos ϕ0 |

(Σ/Σ0 ) $ d$,

(2)

and
Z
3
Uν
= E1
(3K̃ ν − J˜ν ) cos i sin(2ϕ0 )
F0
8
wz
−1

× |wR sin ϕ0 + wϕ cos ϕ0 |

(Σ/Σ0 ) $ d$.

(3)

The angle ϕ0 = ϕ0 ($) describes the locus of points in the disk
for which wz = constant (see Paper II). The variable Σ0 is a
scaling parameter of the disk surface density so that Σ/Σ0 is a
function of $ only. For a resonance line at wavelength λul with
a cross section σl , the various constants have been collected
into the parameter F0 = Lν σl Σ0 λul /8π D2 vmax sin i. The
normalized Eddington moments J˜ν and K̃ ν are Jν and Kν
divided by L∗ /16π 2 R∗ 2 . Note that the value of F0 will vary
from line to line.
2.2. Line profiles from disks in constant expansion or rotation
Assuming either constant expansion or rotation, the disk velocity field takes the form of vR = vmax and vϕ = 0, or vR = 0 and
vϕ = vmax . Thus wR and wϕ are either 0 or 1, and the observed
Doppler shift toward the observer depends only on azimuth as
wz = wR cos ϕ0 + wϕ sin ϕ0 .

(4)

In the following, analytic expressions for the polarized emission profiles from the disk are derived for resonance line scattering. The simple case of a point source of illumination is derived
first, followed by a consideration of the finite star effects of
stellar occultation and finite star depolarization.
2.2.1. The point star approximation
Treating the star as a point source of illumination implies J˜ν =
K̃ ν = $−2 . Taking the disk density to be Σ = Σ0 $−1 and
noting that isovelocity zones correspond to ϕ0 = constant, the
Stokes flux relations reduce to the forms
Fν
= |wR sin ϕ0 + wϕ cos ϕ0 |−1
F0
h
i
1
× 1 − E1 (1 − 3 sin2 i cos2 ϕ0 ) ,
(5)
4
Qν
= |wR sin ϕ0 + wϕ cos ϕ0 |−1
F0
h
i
3
× E1 sin2 i − (1 + cos2 i) cos 2ϕ0
8
and
Uν = 0.

(6)

(7)

Since only pure expansion or pure rotation is considered, the
denominator
involving the disk velocity field ultimately reduces
p
to 1 − wz2 .
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Fig. 1a–d. A comparison of the polarized
emission profiles (given as fractional polarizations) for equatorial planar disks in constant expansion (left panels a and c) versus
ones with constant rotation (right panels b
and d). The upper panels are for edge-on
viewing perspectives with i = 90◦ but E1
allowed to vary as indicated. Lower panels
are for E1 = 0.5 but different viewing inclinations. The primary morphological difference between the two cases is that expansion
yields concave down profiles whereas rotation yields concave up profiles.

The total polarized line profile is defined to be
p
Q2ν + Uν2
,
pl =
Fν

(8)

which for Uν = 0 reduces to
pl =

sin2 i − (1 + cos2 i) cos 2ϕ
3
.
E1
8
1 − 14 E1 (1 − 3 sin2 i cos2 ϕ)

(9)

The “0” subscript on ϕ has been dropped. Clearly the numerator
can be positive or negative. Polarization is normally positive
definite, but here the sign is used to indicate the position angle
orientation of the polarization, with positive (+) signifying a
polarization parallel to the disk symmetry axis and negative
(−) indicating one that is orthogonal to that axis. Note that the
polarization in Eq. (9) is normalized by the emission line flux
only – the continuum or “direct” contribution to the flux by
the star has not been included. Fig. 1 shows plots of polarized
line profiles from Eq. (9) as fractional polarizations for various
values of E1 and viewing inclinations i. Expanding disks in (a)
and (c) give polarized profiles that are concave down in shape,
but rotating disks (b) and (d) are concave up.
In the case of low spectral resolution data, it is useful to
consider the line integrated polarization
R
Q̃ν dwz
3 E1 sin2 i
=
,
(10)
ptot = R
2(4 − E1 ) + 3 E1 sin2 i
F̃ν dwz

which is a function of E1 and inclination i only. Fig. 2 shows
the run of ptot plotted against E1 . The curves are for different
values of sin2 i ranging from 0 to 1 in steps of 0.2. Generally,
one will know from atomic physics the E1 value for a given
line transition, so that a plot like Fig. 2 could then be used to
determine the disk viewing inclination from a measurement of
the total line polarization. A similar consideration can be used
by measuring the continuum electron scattering polarization;
however, the electron scattering optical depth must be known
(see Brown & McLean 1977). The advantage of the resonance
line is that the line optical depth (if optically thin) will cancel out
when taking the ratio of polarized line flux to total line flux (i.e.,
not including the continuum emission). A disadvantage is that
it can be difficult to set the continuum level, and so the line flux
measurement may have substantial error. Moreover, the effects
of absorption, stellar occultation, and finite star depolarization
have so far been neglected.
2.2.2. Finite star effects
If the scattering region extends down to the stellar radius, then
occultation cannot be ignored. The lower boundary to the integration over cylindrical radius in Eqs. (1)–(3) is now a function
of the Doppler shift in the profile and the viewing inclination.
The problem is to determine where rays intersect the disk if tangent to the stellar photosphere and to relate that locus of points
to the corresponding line-of-sight Doppler shift. The geometri-
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only the redshifted profile for disk material receding from the
observer on the far side of the disk. The blueshifted emission
does not suffer from occultation, and the expressions for the flux
and polarization (noting that Ũν = 0 by symmetry) are



π/16
π−2
exp
2
2
1−
=
E1 (1 − 3wz sin i) , (12)
F̃ν
2
π−2


3π
exp
E1 1 − wz2 (1 + cos2 i) .
=
(13)
Q̃ν
32
For the redshifted side of the profile, the flux and polarization
are given by

q
exp
=
$02 − 1 − $0 + sin−1 $0−1
F̃ν
−

Q̃ν
Fig. 2. Shown is the line integrated polarization ptot plotted as a function of E1 , with each different curve corresponding to a value of
sin2 i = 0, 0.2, 0.4, 0.6, 0.8, and 1.0. These curves are for the simplified case of a point source star and a disk in either constant expansion or
rotation, yet the figure illustrates how resonance scattering polarization
with even low spectral resolution data might be used to infer the disk
viewing inclination. As long as the line is optically thin, these curves
are independent of the line optical depth (see the text).

cal solution has been discussed by Fox & Brown (1991) who
derived
−1/2
,
(11)
$0 = 1 − sin2 i cos2 ϕ
which traces the projection of the stellar limb onto the disk.
It is straightforward to relate $0 to wz using Eq. (4) for the
dependence of Doppler shift on azimuth ϕ = ϕ0 . For constant
expansion, one has $0 = (1 − wz2 sin2 i)−1/2 ; for pure rotation
the solution is $0 = (cos2 i + wz2 sin2 i)−1/2 .
Another finite star effect, Cassinelli et al. (1987) discussed
how the continuum polarization arising from electron scattering
can be reduced at small radii where the star cannot be treated as
a point source. The reduction of polarization owes to the more
nearly isotropic distribution of incident starlight at the scatterer.
This same effect holds for the case of resonance line scattering,
since the anisotropic scattering is like that of free electrons.
Following Cassinelli et al., the depolarization effect is contained
within J˜ν and K̃ ν . Consider for example a uniformly bright
stellar disk, the Eddington factors take on the familiar forms of
J˜ = 2(1 − cos θ∗ ) and K̃ ν = 23 (1 − cos3 ϑ∗ ), where cos θ∗ =
√ν
1 − $−2 . If $ = 1, then cos θ∗ = 0 and 3K̃ ν − J˜ν = 0
making the polarization contribution in Eqs. (2)–(3) vanish.
Even with occultation and finite star depolarization, the expressions for the Stokes parameters for the emission profile
shape can be derived analytically in the case of constant expansion or rotation. For an expanding disk, occultation affects

exp

=

1
E1 (1 − 3wz2 sin2 i)
16 

q
× $0−1 1 − $0−2 + sin−1 $0−1 ,



3
E1 1 − wz2 (1 + cos2 i)
16 

q
× $0−1 1 − $0−2 + sin−1 $0−1 .

(14)

(15)

Note that if $0 = 1, corresponding to wz = 0 or i = 0, the
expressions for the red wing reduce to the same form as that for
the blue wing, as required.
In the case of rotation, one must bear in mind that the isovelocity zones are left-right symmetric about the line-of-sight to
the star. Occultation blocks emission from the far side of the
disk, so this means that the redshifted and blueshifted profiles
are affected equally. Moreover, there now exists a net Stokes Uν
flux. In normalized form, the Stokes fluxes are given by
rot

F̃ν =



π/16
π−2
1+
E1 × 1 − 3 cos2 i − 3wz2 sin2 i
4
π−2
q

2
$02 − 1 − $0 + sin−1 $0−1
+
π−2

1/8
E1 1 − 3 cos2 i − 3wz2 sin2 i
+
π−2


q
−1
−2
−1
−1
,
1 − $0 + sin $0
× $0
(16)
Q̃ν

Ũν

rot

rot

= −

=



3
E1 cos2 i − wz2 (1 + cos2 i)
32 

q
π
+ $0−1 1 − $0−2 + sin−1 $0−1 , (17)
×
2

p
3
E1 wz 1 − wz2 cos i
8 

q
π
−1
−1
−2
−1
.
1 − $0
− sin $0 − $0
×
2

(18)

Polarized line profiles based on expressions (12)–(18) are
shown in Figs. 3 and 4, the latter being for Stokes Ũν is only
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Fig. 3a–d. As in Fig. 1, but now with both
stellar occultation and finite star depolarization effects included. The overall effect
is to reduce the peak polarizations that are
obtained relative to the point star case, and
also the polarized profiles for an expanding
disk are asymmetric about line center. Note
that only for expansion does pl = Q̃ν /F̃ν ,
whereas a rotating disk also has a Stokes
Ũν /F̃ν profile owing to the effect of stellar
occultation (see Fig. 4).

relevant to rotating disks. The format is the same as in Fig. 1.
Note that the polarized profiles for the expanding disk case are
asymmetric about line center, whereas those for a rotating disk
are symmetric. Also in Fig. 4, the Ũν profiles are antisymmetric,
hence the integrated Ũν flux across the entire line is zero.
2.3. Line profiles from disks in linear expansion
or Keplerian rotation
Having derived analytic results for simplified cases to highlight the consequences of anisotropic scattering in disks and the
various finite star effects, line profiles for more realistic disk velocity fields are computed in this section. Several assumptions
remain, such as axisymmetry and the lines being optically thin,
but now absorption of starlight by the intervening disk is also
included. Only two specific velocity fields are considered: linear expansion that is truncated at a finite radius and Keplerian
rotation.
2.3.1. The case of linear expansion
Line profiles have been computed for a disk that expands linearly
as
$
$
→ wR =
,
(19)
vR = v∞
$max
$max
where $max represents a transition from linear expansion to
constant expansion. Using this velocity parametrization, the

isovelocity zones reduce to lines of constant z = (x∗ sin i)
in the region of acceleration (see Fig. 1 of Paper I for a sketch
detailing the x, z and x∗ , z∗ coordinates). The surface number
density of the disk becomes
$max
.
(20)
Σ($) = Σ0
$2
Fig. 5 shows line profiles for linear expansion using a value of
$max = 10, beyond which the contribution to the emission
by the constant expansion flow is ignored. Results are given for
E1 = 1 and three different viewing inclinations of 30◦ , 60◦ , and
89◦ from top to bottom. The latter is chosen because a planar
disk viewed perfectly edge-on degenerates to a line as projected
against the plane of the sky, an artifact of the disk having no
vertical extent. Recall that Fν is the flux of line emission only,
hence the vertical axis is (Fc + Fν )/Fc = 1 + Fν /Fc , for Fc the
stellar continuum flux outside the line frequencies. At right is
the Stokes Qν profile now shown as Qν /(Fc +Fν ). (In previous
figures, the polarization was given relative to the line emission
only, whereas here it is shown relative to the total emission.)
Again note that since Uν = 0, the Stokes Qν flux represents the
total polarized flux of the line emission.
The total flux emission profiles have already been discussed
in Paper II. Basically the blueshifted absorption does little to
affect the emission profile; however, stellar occultation of the
far side of the disk substantially changes the redshifted profile
shape, as is evident from its asymmetry about line center. In
contrast, the polarized profile is mostly symmetric, although not
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where vrot is the equatorial rotation speed. In the case of linear
expansion, the isovelocity zones reduce to lines of constant z,
but for rotation the topology of the zones is more complicated,
with a kind of nested loop pattern. A plot of isovelocity zones
is shown in Fig. 2 of Wood & Brown (1994a).
As in Paper II, the disk density is assumed to be of the form
Σ = Σ0 $−q ,

(22)

with q positive. So as to make comparison with the expansion
case more direct, line profiles have been computed using q = 2.
For Be star disks, q-values in the range of 2–3 are found from
analyses of the disk IR emission (e.g., Waters 1986) and Hα
line profile fitting (e.g., Hummel 2000).
Line profiles from a Keplerian disk are shown in Figs. 6 and
7, in the same format as Fig. 5 for the expanding disk case. The
profiles from a rotating disk look radically different from those
of an expanding disk: both the total emission profiles and the
polarized profiles are generally double-peaked. Notice that the
central part of the Stokes Qν profiles are concave down. Finally,
the profiles are symmetric about line center.
The Uν profiles are displayed in Fig. 7. As in the simplified
analytic case, the profiles are antisymmetric about line center,
thus yielding no net Uν flux as integrated across the entire line
profile. Also, for nearly edge-on viewing perspectives, Uν approaches zero at each point in the profile.
3. Discussion

Fig. 4a and b. The Ũν /F̃ν profile corresponding to the rotating disk
case of Fig. 3. Stellar occultation breaks the back-front symmetry associated with a rotating disk, hence a Stokes Uν flux remains. However,
note that the Ũν profile is antisymmetric about line center so that the
line integrated Ũν flux vanishes.

exactly. It generally maintains the concave down appearance, at
least in its central portion, as in the analytic cases of the previous
section. Note that all the profiles show similar widths in the plots,
but recall that vobs ∝ wobs sin i, hence in velocity, frequency,
or wavelength units, the emission and polarized profiles in Fig. 5
would appear progressively broader from top to bottom (i.e., for
constant vmax ).
2.3.2. The case of Keplerian rotation
The velocity field used for a rotating disk is the Keplerian prescription with
vϕ = vrot $−1/2 → wϕ = $−1/2 ,

(21)

This paper extends results presented in Paper II on anisotropic
resonance line scattering profiles to show the polarized emission
from such scattering. The main results are that (a) as in Paper II,
expanding disks yield line profiles that are asymmetric about
line center, whereas those from rotating disks are symmetric, (b)
the integrated polarized flux across a resonance line profile will
generally be non-zero, so that interesting information about the
disk can be derived even from low resolution (i.e., narrow band
pass) spectropolarimetry, (c) both Qν and Uν Stokes profiles
will be observed in rotating disks, whereas for expanding disks,
the Uν Stokes component will be zero (under the assumptions of
axisymmetry) for a suitable orientation of the observer’s Q − U
measurement axes.
Although these results are quite instructive and may have
application to certain restricted cases, numerical simulations
for more realistic situations are needed. Of key importance is
dropping the assumption of optically thin profiles. To do so will
require more sophisticated radiative transfer techniques, as for
example the Sobolev method for polarized radiation transport by
Jeffery (1990) or techniques based on Monte Carlo simulations.
Since resonance line scattering in its phase scattering properties is so similar to that of Thomson scattering, already one
might “guess” at some of the expected effects from scattering in
optically thick disks. One naturally expects that at sufficiently
large optical depths, multiple scattering will tend to destroy
the line polarization. However, Wood et al. (1996) have shown
that for Thomson scattering in equatorial disks, the continuum
polarization actually increases when the disk moves from opti-
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Fig. 5. Emission profiles (left) and polarized profiles (right) from a circumstellar disk
undergoing linear expansion. From top to
bottom, the viewing inclinations of the disk
are i = 30◦ , 60◦ , and 89◦ . The profiles
are asymmetric, especially the blueshifted
peak is more prominent than that for the redshifted wing. The polarized profile is concave down at the line core. Note that in distinction to the preceding figures for the analytic examples, the polarized profiles here
are shown as Qν divided by the total observed flux Fν for the line and Fc for the
direct continuum starlight (Uν = 0 for expanding disks).

Fig. 6. Similar to Fig. 5, but now for a disk
in Keplerian rotation with no radial motion.
The profiles are symmetric, and the polarized profiles are concave up at the central
region. Note that for rotating disks, stellar
occultation leads to a net Uν polarization,
which is shown in Fig. 7.
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Fig. 7. The Uν polarization from a disk executing Keplerian rotation. The Uν flux is antisymmetric about line center. For a nearly
edge-on disk, Uν ≈ 0 at each point in the
profile, owing to the symmetry of the viewing orientation.

cally thin to optically thick, and then decreases at larger optical
depths. A similar effect should likewise be observed for the
polarization from resonance line scattering.
An advantage of resonance lines over Thomson scattering is
that the polarized emission is spread out across the line profile
according to the isovelocity topology, which affords a better opportunity of probing the disk geometry and velocity field. One
difficulty in relation to “hot” disks where a substantial fraction of
the gas is ionized is that Wood & Bjorkman (1995) have shown
that electron scattering will greatly “smear out” the polarized
line emission. They were not specifically modelling the effect
for resonance line scattering but rather a continuum absorption
line. Nonetheless, scattering of polarized resonance line radiation by hot thermal electrons can severely affect the profiles. But
note that Thomson scattering has a quite low cross-section of
σT ≈ 10−24 cm−2 , whereas resonance lines have cross-sections
that can be larger by several orders of magnitude. Hence in disks
of relatively low density, the effects of electron scattering may
be entirely negligible, yet the polarized emission in suitably
chosen lines should be within the realm of current detection
thresholds. For example, dedicated monitoring of the polarizations in several Be stars at the Pine Bluff Observatory (Univ.
Wisconsin) is easily capable of detecting variations at the 0.1%
level (Bjorkman et al. 1997). In general, since resonance line
scattering is similar to Thomson scattering in its angular distribution, a given aspherical envelope will yield a similar overall
polarization level from line scattering as for electron scattering,

the main difference being the scale of the line optical depth as
compared to that of the free electrons.
Even if thermal smearing by electron scattering can be ignored, there is the issue of separating the line polarization from
that of the continuum. Fortunately, many strong doublets of Lilike atoms that are commonly observed in winds (e.g., Civ 1550)
have one component (shorter wavelength) with E1 = 0.5, but
the other (longer wavelength) with E1 = 0, the latter producing
no polarization from resonance scattering. Thus the Q and U
values at the longer wavelength line can be used to disentangle
the continuum polarization from that of the line scattering that
does contribute at the shorter wavelength component. Indeed
in this way, one can correct not only for the electron scattering
polarization by the envelope, but also for the ISM contribution.
Optical depth effects and the influence of electron scattering are
the kinds of issues that must be addressed quantitatively in future studies if resonance line scattering polarization is to be of
practical diagnostic value in observations of circumstellar disks.
Acknowledgements. I wish to thank the referee Ruslan Yudin for a
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