
©
 2

00
6:

 In
st

itu
to

 d
e 

A
st

ro
no

m
ía

, U
N

A
M

 -
 X

I I
A

U
 R

eg
io

na
l L

at
in

 A
m

er
ic

an
 M

ee
tin

g 
of

 A
st

ro
no

m
y

E
d.

 L
eo

po
ld

o 
In

fa
nt

e,
 M

on
ic

a 
R

ub
io

 &
 S

ilv
ia

 T
or

re
s-

P
ei

m
be

rt

RevMexAA (Serie de Conferencias), 26, 30{31 (2006)

MORPHO-KINEMA TIC MODELING OF PLANET AR Y NEBULAE

Wolfgang Ste�en1 and Jos�e Alb erto L�opez1

RESUMEN

Presentamos una nueva herramienta para desenredarla geometr��a 3-D y la estructura cinem�atica de nebulosas
gaseosas.El m�etodo consisteen combinar software comercialpara animaci�on digital para simular la estructura
3-D y el modo de expansi�on de la nebulosa junto con un software de representaci�on gr�a�ca de imagenesy
per�les de l��nea dise~nado especialmente para el prop�osito.

ABSTRA CT

We present a powerful new tool to disentangle the 3-D geometry and kinematic structure of gaseousnebulae.
The method consistsof combining commercially available digital animation software to simulate the 3-D struc-
ture and expansionpattern of the nebula with a dedicated,purposebuilt rendering software that producesthe
�nal imagesand long slit spectra which are comparedto the real data.

Key Words: ISM: MODELING

1. INTR ODUCTION

In recent years,the discovery of a variety of com-
plex structures in planetary nebulae that markedly
depart from rotational symmetry, such as the pres-
ence of collimated out
o ws, poly-polar and point-
symmetric structures and rings has opened many
questionsregarding the origin and evolution of these
objects. The correct interpretation of their 3-D ge-
ometry and kinematic structure is key to the un-
derstanding of the dynamics ruling their evolution.
The projected 2-D geometry of theseobjects on the
sky are usually complex, as are the shape of their
spatially resolved emissionline pro�les but together
they provide the key to the 3-D nebular structure.

The projected image on the sky of an extended
nebula provides bidimensional spatial information of
its structure. On the other hand, the velocity �eld
providesinformation regarding the radial component
of the velocity vector along the line of sight and thus
conveys limited but useful information on its depth
or third spatial dimension. However, given that the
location of a volume element of the nebula is related
to the integral of its velocity, a knowledgeof the full
3-D structure requiresknowledgeof the velocity his-
tory of that element. The simplest case occurs if
the velocity is constant over most of the expansion
time. This type of velocity distribution can be ex-
pected if the nebula has evolved from its origin as a
consequenceof a momentum driven expansion(e.g.
Ste�en & L�opez, 2004, and referencestherein). In
this case,after a su�cien tly long time, the velocity
becomesproportional to the distancefrom the center

1 Instituto de Astronom ��a, UNAM, Ensenada, M�exico.

(a \h ubble-law") and the expansionof the nebula is
said to be self-similar, i.e. the global shape is con-
served over time.

Under these conditions, the shape of the nebula
along the line of sight is mapped directly into the
long-slit spectrum to within a �xed scaling factor
and this has the advantage that the long-slit spec-
trum allows a view of the nebula from a direction
perpendicular to the line of sight. If the object shows
evidencefor a signi�cant degreeof symmetry, the full
3D-structure and kinematics can be deduced. Even
if a simple \h ubble-law" expansion is not present,
the kinematics as observed in long-slit spectra often
provides enoughinformation about the 3D-structure
and topology of an object and the modeling with
Shape can provide a good approximation to the true
3-D structure. In this paper we present a new 3-D
modeling tool called Shape that combines the abil-
it y of commercial modeling software with a purpose
built rendering module for application in astrophys-
ical research.

2. SHAPE

Recently , photo-realistic 3D-graphics has gener-
ated a new way of producing feature �lms and com-
puter games. Most of this work is based on com-
putationally e�cien t mathematical representations
of the visual world. The modeling with these tech-
niquesis mathematically very e�cien t and a high de-
greeof complexity can be achieved. However, these
generalpurpose3D-graphics modeling codesdo not
produce a physical description of the world and do
not provide spectral information from the kinemat-
ics of the model. We have therefore developed the
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Fig. 1. Screen-shot of the 3D modeling of a complex
planetary nebula in 3D Studio Max.

rending code Shape which producesthe imagesand
long-slit spectra using the information from such a
modeling code. A special interface has been pro-
grammedto control Shape from within the modeling
software. This interface allows the display of the im-
agesand spectra as well as to specify the rendering
parameterssuch asthe orientation of the object with
respect to the line of sight, spectral slit position and
width, seeingvalues, spectral resolution, colors and
others.

As our 3D-modeling software we use Autodesk
3DS Max 7 (seethe websitewww.discreet.com for de-
tailed software information). We apply any available
tools of the software to createa particle and velocity
distribution in spaceand time in order to model an
object. In particular we use the ParticleFlow parti-
cle system to generate particle distributions which
are then exported and rendered in Shape . Note
that the code does not perform any physical radi-
ation transport or line emissioncalculation basedon
the physical conditions in space. What it does is to
directly assigna relative emissivity distribution.

Fig. 2. Screen-shot of the graphical interface of Shape
with a model image and P-V diagram of NGC 6369 on
the left and right, respectively.

For examples of applications of Shape to vari-
ous planetary nebulae see Ste�en & L�opez (2006)
and referencestherein. Figure 1 shows a screen-shot
of a 3D model for the planetary nebula NGC 6369
(Meaburn et al. 2006), were the number density of
particles follows the brightnessof a complex system
of surfaces. Figure 2 shows the interface of Shape
with an image and P-V diagram resulting from the
3D model of Figure 1.
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