
The 3D stru
ture of the Ring NebulaW. Ste�en1, J.A. López1, N. Koning2, S. Kwok2,3, H. Riesgo1, M.G. Ri
her1 andC. Morisset41. Instituto de Astronomía, Universidad Na
ional Autónoma de Méxi
o, Ensenada,Baja California, Mexi
o, wsteffen�astrosen.unam.mx2. Department of Physi
s and Astronomy, University of Calgary, Calgary, Canada3. Department of Physi
s, University of Hong Kong, Hong Kong4. Instituto de Astronomía, Universidad Na
ional Autónoma de Méxi
o, Mexi
oCity, Mexi
oSummary. The Ring nebula (M57) is one of the 
losest and best observed planetarynebulae. Still, its stru
ture remains 
ontroversial. Based on detailed spe
tros
opi
observations of the kinemati
s we present a solution generated with SHAPE to the3D stru
ture of the [NII℄ emission. Assuming that the inner halo is the result fromenhan
ed illumination from the 
entral star through the holes of the inner nebula,we solve the geometry of the nebula.Key words: M57, Ring Nebula, kinemati
s, 3D Modeling, Software1 Introdu
tionThe Ring Nebula (M 57, NGC 6720) is one of the 
losest and best observed plane-tary nebulae, yet its 3D stru
ture has remained 
ontroversial (see Fig. 1). Althoughits proje
ted appearan
e is relatively simple, studies of its emissivity distribution(e.g. Curtis 1918, Lousie 1974, Masson 1990) show that this does not 
orrespondto an ellipsoid with a smooth surfa
e brightness distribution. The orientation ofthe main axis of the nebula nearly 
oin
ides with the line of sight whi
h further
ompli
ates the interpretation of its volume geometry. Previous kinemati
 studieshave yielded in
onsistent results. Bry
e, Bali
k & Meaburn (1994) interpret theirlong-slit line pro�les as arising from an open bipolar stru
ture seen pole-on, whereasGuerrero, Man
hado & Chu (1997) using similar data des
ribe the nebula as a 
losedprolate ellipsoid. Hiriart (2004) interprets the kinemati
s and distribution of H2 asdistributed over a 
ylindri
al surfa
e with a slightly larger radius at the equator. Inorder to settle on the 3D stru
ture of the Ring nebula we have obtained a thoroughmapping of long-slit, spatially resolved e
helle spe
tra over the nebula and the datahave been 
ombined with the 
ode SHAPE (Ste�en & López, 2006) to obtain aself-
onsistent interpretation of the proje
ted image on the sky, the line pro�les, andits 3D stru
ture.
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Fig. 1. Left: The Ring Nebula in the IR with de�nitions of its main regions. (Image:J. Hora (Harvard-Smithsonian CfA) (SSC/Calte
h), JPL-Calte
h, NASA). Right:Hα image with spe
tros
opi
 slit positions indi
ated.
Fig. 2.Model long-slit pv-diagrams of M57 (3 right panels) produ
ed with Shape are
ompared with the 
orresponding observations in [NII℄ (3 left panels). Slit positionsare "a,b and 
", from left to right.2 The observationsThe long-slit e
helle spe
tra were obtained with MES-SPM (MEZCAL) spe
trometer(Meaburn et al. 2004) on the 2.1 m teles
ope of the San Pedro Mártir Observatory(Mexi
o). Ten long-slit positions were obtained over the nebula, providing the bestspatial 
overage of this kind to date on the Ring Nebula (see Figure 1, right). Thevelo
ity resolution is 10 km s−1 and the seeing was 1 ar
se
 during the observations.Figures 2 and 3 show the P-V diagrams for the [N II℄ λ 6584 line 
orresponding tothe 10 slit positions. The [NII℄ emission line is parti
ularly well suited to analyzethe global 3D stru
ture of planetary nebulae, sin
e it arises mainly in the transitionregions between high and low ionization regions and is thus often 
on�ned to theouter 3D surfa
e and in lo
alized knots. Its intrinsi
 lower line width also allowsbetter measurements of low velo
ity line splitting, as is the 
ase in the outer regionsof the Ring Nebula. For our modeling we did also take into a

ount pv-diagramsfrom Guerrero, Man
hado & Chu (1997).
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 modeling was done with Shape (Ste�en & López, 2006). Theemissivity distribution is 
onstru
ted from a distribution of parti
les pla
ed ontoa 3D adaptive grid. This parti
le distribution is built using 3DStudioMax1. Theparti
les are distributed on a thi
k surfa
e. The density distribution of the parti
leson the surfa
e has been applied with standard mapping te
hniques, applying a grey-s
ale bitmap to the surfa
e in spheri
al mapping 
oordinates. This bitmap wasedited in an image editing program in su
h a way as to simultaneously reprodu
ethe observed images and PV-diagrams. For the halos a pro
edural noise fun
tionwas used for the parti
le density distribution.

Fig. 3. Model long-slit pv-diagrams of M57 produ
ed with Shape (bottom) are
ompared with the 
orresponding observations in [NII℄ (top). Slit positions are 1-7(numbering from left to right).4 Model assumptionIn order to 
onstrain the ambiguities inherent in the morpho-kinemati
 data, wemake the following reasonable assumptions:1. The 
ir
ular outer halo is due to a 
lumpy thin spheri
al shell.
1 3DStudioMax is a trademark of Autodesk
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ated at the same distan
e or within the outer halo (not onlydue to proje
tion e�e
ts).3. The inner halo is bright due to enhan
ed emission from the 
entral star thates
apes through the polar low density holes of the main nebula. Hen
e the outlineof the inner halo is determined by the geometry of these holes into the halo volume.4. The bright main (ring) nebula follows a hubble-law velo
ity �eld.5. The halos follow the original AGB-wind velo
ity whi
h is assumed 
onstant at 15km s−1.

Fig. 4. Given the 
onstraints from the observations (horizontal lines marking theproje
ted positions of di�erent regions), with our model only a small range of 
on�g-urations is allowed for the stru
ture of M57. The main nebula 
an be either slightly�attened (left) or have a line of sight that is limited by the observed dimensions ofthe axes of the main nebula. The position of the inner halo (red) varies only slightlyin these 
ases.5 ResultsFigures 2 and 3 show the syntheti
 [N II℄ line pro�les obtained from the Shape modelalong with the observations. The model reprodu
es most of the detailed featuresobserved in the [NII℄ P-V diagrams with remarkable su

ess. Our model for the main(Ring) nebula produ
es a deformed ellipsoid that is opti
ally thi
k at the equator andthin at the poles, allowing ionizing radiation to es
ape and illuminate the inner halo.The model 
annot pre
isely determine whether the ellipsoid is oblate or only slightlyprolate. Both situations are depi
ted in Figure 4 where the orientation of the nebulahas been rotated 90 degrees su
h the main axis of the Ring is now perpendi
ularto the line of sight. The left panel in Figure 4 shows the oblate 
ase and the rightpanel the slightly prolate 
ase where the opening angle of the emerging radiation and
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e among them. The Shapesyntheti
 images are shown in Figure 5. Lines 
onne
ting the models in Figures 4& 5 identify the di�erent morphologi
al 
omponents of the Ring nebula. The mainsymmetry axis of the Ring nebula is in
lined by 10 degrees with respe
t to the lineof sight.
Fig. 5. Three di�erent views of the rendered stru
ture model of M57. The middlepanel shows the view from Earth, while the others are views perpendi
ular to ourline of sight. line 
orrespond to the 
orresponding positions in Figure 4.We have obtained a self-
onsistent morpho-kinemati
 model of the 3D stru
tureof the Ring Nebula. The kinemati
 observations together with the assumption thatthe inner halo is a highly illuminated se
tion of the AGB wind lo
ated within theouter halo �xes the geometry of the three main se
tions of the nebula (ring and thetwo halos) to an estimated margin of 10−20%. Details of this work will be publishedshortly (López et al., Ste�en et al., in preparation).A
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