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The morphology of the Red Rectangle (RR) proto-planetary nebula (PPN) exhibits several singular
attributes. Most prominent are a series of linear features perpendicular to the symmetry axis which
appear as “ladder rungs” across the nebula. At the edge of each “rung” gas seemingly flows in a
parabolic shape towards the center of the nebula.

We present a new model of the RR which explains these features as a projection effect of the more-
common spherically-symmetric outflows seen in other PPN (e.g. Egg Nebula). Using the 3D morpho-
kinematic modeling software shape, we have created a model of the RR that consists of spherical shells
evacuated by a biconal outflow. When the symmetry axis is oriented perpendicular to the line of sight,
the spherical shells become linear thereby reproducing the “rungs” seen in the RR. When oriented at
different inclinations, the linear features become spherical as observed in the Egg Nebula.
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L) s appear as straight lines, giving rise to the apparent ladder rungs. The knots are produced in a similar
Introduction E & E : G
manner. The optical depth through the circular base of the cone tost at the point where the tangent is par-
. ) allel to the li t. Thus there is mo attering material at the edge of the ladder 1ungs w
L'he red rectangfe {RR) (figure 1) is an unusual post-AGB object which was fixst identified by Cohen et al 13 S =
quently appear as bright kng

When the model is rotated by only 20 degrees (figure 5, loft panel), the fincar (adder rungs disappear and con-
centric arcs emerge. This is quence of rotating the circular base of the cones. The further the cone is
tilted, the more circulat the ares appear. Inte

such as the Bgg nebula figare 3, right panel).
Conclusion

simple morphalogical model to explain some features of the RR nebula, The model, if cor-

recl, has consequences for lhe evolution of he RR. Whal causes Lhe bi~ones Lo be evacuated? A possible cause

i that of high speed colfimated outflows from the sowree. Because the lincar appearance of the ladder roygs s

created when the spherical shells are destroyed, the high speed outilows must occur AFTER the mass loss epi-

sodes. It should therefore be possible to put constraints on when the outflow was lamched by determining the

age of the most recent Tadder rungs

Figare 1: Rod fan Winckel (KU
), 1L Bond

Qur model results show that fhe intrinsic structure of the Red Rectangle is similar to that of the Fgg Nebulz, and

the “spider web” structure of the RR is nothing more than the concentric arcs commonly seen in I''Ns and I'Ns

(Kwok et al. 1%

A morphological model of the RR was developed using the

SHAT'T (Stelfen e al 2010) software which can mq radia-
tive mansfer, including scattering, through gaseous nebul

The visible image, in particalar the red calour, is the result of

otoluminescence from an or olid and is not the

result of simple dust scattering (Wada et al 2009, Cohen et al

2004). Nevertheles, we applied a scattering model as the twa

milar, The model con f 4 parts (figure 3)

o Winckel (<1
1) A contral source supplying the photons which are scat-

1ered by the nebula.
2) A thick olliptical o envelaping the source

3) Spharical shells of du; ith the saurce as the common center. Each shell is spaced at near re

T senting p mass k e shells only scatter light and do not emit.

4) A pair of evacualed bi es. ariginale fro central s e and remove all material within

their volume. ‘This provides a path for the photons from the central souree to reach the spherical shells. The L

walls of the bi-cone are and repr al that has been swept up by the evacuating process. The
N Figure 5 Model rotatod by 20 deg (leit), The right pancl is an inv;

(Sahai ot ol 199%), The

s also scatter light. concentric ares in the madel mimic those seen in the: Ege nebula.
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