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1. Introduction

Resent high-resolution optical imaging has directly revealed reflection nebulosity
around proto-planetary nebulae (PPNs), the transition objects between asymp-
totic giant branch (AGB) stars and planetary nebulae (Sahai et al. 1998, Su et
al. 1998, Ueta et al. 2000, Su et al. 2001). The existence of bipolar nebulae
observed in the PPN phase suggests the presence of asymmetry in the AGB cir-
cumstellar dust shell. In order to model these objects, a self-consistent radiation
transfer model is necessary. As a first attempt, we construct an approximate
two-dimensional dust radiative transfer model to simultaneously fit the spectral
energy distribution (SED) and images of a centrally-heated dust envelope.

2. The Model

Limited by spacing, here we only summarize the effects of different parameters
in the model, and the details of this model is described in Su 2000. The dust
envelope is assumed to be axially symmetric. The density distribution has radial
cutoffs at rin and rout, and can be generally written as p(r, 0), where 0 goes from
0° at the pole to 900 at the equator. To reproduce the searchlight beam struc-
tures seen in some PPNs, cavities can be put in the density distribution simply
by assuming a open-cone structure, in which the density is reduced by factor of
Tscale. The viewing angle i is defined as 0° if the object is viewed along the pole
(pole-on), and 90° if it is viewed along the equator (edge-on). We obtain 2-D
solutions to the source function by first obtaining the dust temperature distribu-
tion from results of I-D models for the both polar and equatorial directions, and
then interpolating between them. We use a power-law interpolation function to
estimate the values at any (r,O). The interpolation formula used for the density
is given as:

(
7f ) [20]Ndp(O) = p(O = 0) + p(O = "2) - p(O = 0) -;-

The power index N d determines how density varies in the latitudinal direction.
The N d values signify the departure from the spherical symmetry. Larger Nd
values represent the case that most material is confined in the equatorial direc-
tion so that the stellar light can be scattered in a wide range of latitudinal angle;
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Figure 1. RDP calculated from simulated SEDs at different orienta-
tions with different degrees of asymmetry in the CSE. When the degree
of asymmetry is large (large Nd or large ()o), RDP is similar for most
of orientations.

i.e., the lobes in the optical reflection nebulosity are fatter and shorter. On the
other hand, small N d values represent the case that the density has much less
latitudinal dependence so that the stellar light can escape only within a limited
angles near the two polar directions; i.e., the lobes in the optical reflection nebu-
losity are slimmer and longer. However, the width of the optical reflection lobes
is determined by the cavity opening angle if there is a cavity in the density dis-
tribution. For an optically-thin axi-symmetric dust envelope, the ratio of dust
to photospheric flux (RDP) stays the same at different orientations since the
central star can be directly seen in an optically-thin environment. However, the
optical images should bear some hints of the orientation with one of the bipo-
lar lobes brighter than the other one and the central star off-centered. For an
optically-thick axi-symmetric dust envelope, the RDP is higher as the orienta-
tion increases toward edge-on. Our simulations (Figure 1) show that the effects
of the RDP at different orientations is a combination of the orientation and the
degree of asymmetry departure from spherical symmetry, which is characterized
as Nd and opening angle ()o. The RDP is not sensitive to the orientation angle
when the degree of asymmetry is large (Su et al. 2001).
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