
Io
n

iz
e

d
 G

a
se

o
u

s 
N

e
b

u
la

e
 (

M
e

x
ic

o
 C

it
y

, 
2

1
-2

4
 N

o
v

e
m

b
e

r 
2

0
0

0
)

E
d

it
o

rs
: 
W

ill
ia

m
 H

e
n

n
e

y
, 
Jo

sé
 F

ra
n

c
o

, 
M

a
rc

o
 M

a
rt

o
s,

 &
 M

ir
ia

m
 P

e
ñ

a

RevMexAA (Serie de Conferen
ias), 12, 112{116 (2002)MAGELLANIC CLOUDS PLANETARY NEBULAE: AN UPDATED VIEWON STELLAR EVOLUTION AND POPULATIONSL. Stanghellini,1,2 R. A. Shaw,1 and M. Mut
hler1RESUMENSe estudian las Nebulosas Planetarias (NPs) de la Nube Mayor de Magallanes para entender las pobla
ionesestelares y la evolu
i�on de las estrellas de masa baja e intermedia, en diferentes ambientes qu��mi
os. Usandoobserva
iones del Teles
opio Espa
ial Hubble (HST ), para nuestro estudio morfol�ogi
o de NPs de las Nubesde Magallanes, y datos de los ar
hivos del HST, bus
amos las rela
iones entre la morfolog��a de las NPs ysu evolu
i�on y pobla
iones. En este trabajo mostramos algunos de nuestros resultados re
ientes sobre estasrela
iones, en un 
ontexto hist�ori
o. ABSTRACTPlanetary Nebulae (PNe) in the Magellani
 Clouds are studied to understand stellar populations and evolutionof low- and intermediate-mass stars in di�erent 
hemi
al environments. Using HST observations from ourLMC and SMC PN morphologi
al survey and from the HST Data Ar
hive, we look at the relations betweenPN morphology and their evolution and populations. In this paper we show some of our re
ent results on theserelations, in an histori
al 
ontext.Key Words: MAGELLANIC CLOUDS | PLANETARY NEBULAE: GENERAL | STARS: EVOLU-TION1. OPEN QUESTIONS ON PLANETARYNEBULA MORPHOLOGY AND EVOLUTIONDuring the past de
ades, signi�
ant progress hasbeen made toward the understanding of the latephases of stellar evolution of low- and intermediate-mass stars through the study of Gala
ti
 and extra-gala
ti
 Planetary Nebulae (PNe). Planetary Nebu-lae are the gaseous reli
s of the evolution of stars inthe 1{8M� mass range, and they 
arry a wealth ofinformation on the physi
al status of their progeni-tors.The morphology of PNe is an essential physi-
al parameter to know in order to 
onstru
t reli-able models of nebulae and stars. Pioneering studieson the 
onne
tions between PN morphology and theevolution of the stars, and the progenitor popula-tions, started in the early 1970s with the work ofGreig (1972), and 
ontinued with Peimbert (1978),and Peimbert & Torres-Peimbert (1983). The workdone by the Peimbert's group set the stage for morere
ent studies, by showing that PNe in the Galaxyare the progeny of di�erent stellar populations, andthat there is a 
onne
tion between the s
ale heightdistribution of Gala
ti
 PNe and their 
hemi
al 
on-tent. In fa
t, Peimbert (1978) found that PNe inthe Gala
ti
 disk are underabundant in 
arbon, and1Spa
e Teles
ope S
ien
e Institute.2AÆliated with the Astrophysi
s Division, Spa
e S
ien
eDepartment of ESA.

overabundant in nitrogen, as expe
ted from stellarevolution of stars more massive than about 2{3M�.Morphology is another link between Gala
ti
 spa-tial distribution and 
hemistry of PNe: the nitrogenoverabundant PNe in the Gala
ti
 disk tend to bebipolar in shape.The early results have been later 
on�rmed onthe basis of larger databases. Stanghellini et al.(1993) suggested that the bipolar nebulae host 
en-tral stars with higher masses than those hosted byellipti
al and round nebulae. Man
hado et al. (2000)performed a similar analysis with data in the IAC
atalog of northern PNe (Man
hado et al. 1996).The analysis basi
ally 
on�rms the earlier results,with the added bonus of the reliability of a 
ompleteand homogeneous PN sample.Despite the large amount of important work onplanetary nebulae and their evolution, there arestill fundamental questions that remain unanswered.The main question related to PN morphology is thequest for the me
hanism(s) that produ
e symmetri
or asymmetri
 PNe, and how the appropriate me
h-anisms 
an a

ount for the observed s
enarios. Anex
ellent des
ription of the present understandingof the link between morphology and evolution hasbeen presented by Gar
��a-Segura at this 
onferen
e(Gar
��a-Segura et al. 2002). It is more and more evi-dent that measuring absolute physi
al parameters ofPNe is essential in order to 
onstraint the models.112
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MAGELLANIC CLOUD PNe 113A thorough analysis and modeling of the Mag-ellani
 Cloud PNe is very important to a
hieve thenext level of understanding of PNe and their envi-ronment. Toward this end, it is essential to minimizethe distan
e (and stellar luminosity) un
ertainties.Studies of PNe in the Magellani
 Clouds are of fun-damental importan
e in answering the following setof open questions:1. Is PN morphology related to the Population ofthe progenitor and its 
hemistry?2. How does PN morphology relate to the gala
ti
properties, su
h as metalli
ity, star formationhistory, and distribution of stellar populations?2. THE IMPORTANCE OF MAGELLANICCLOUD PLANETARY NEBULAE2.1. Ba
kgroundThe spatial resolution a
hieved with HST obser-vations allows to explore extra-gala
ti
 PN morphol-ogy, and its relations to the physi
s of the 
entralstars and to nebular evolution. Planetary Nebulaein the Magellani
 Clouds are ex
eptionally suited forthis type of studies, for their known distan
es andtheir low �eld reddening.Sin
e the mid 1950s, planetary nebulae havebeen identi�ed and 
on�rmed spe
tros
opi
ally inthe Magellani
 Clouds (e.g., Lindsay 1955; Webster1969). The Magellani
 Cloud (MC) PNe are typi-
ally spatially unresolved from the ground. For thisreason, the early s
ien
e results are mainly basedon PN spe
tra, used to determine the nebular abun-dan
es, the plasma diagnosti
s, and the motion ofthe PNe within the host galaxies (Dopita et al. 1985;Aller & Keyes 1987; Peimbert 1987; Boroson &Liebert 1989; Barlow 1991; Torres-Peimbert 1993).The inability to resolve the MC PNe spatiallywith ground-based astronomy did not prevent study-ing the 
orrelations between the PNe and their 
en-tral stars, using stellar physi
al parameters inferredfrom the physi
s of the host nebulae. Kaler & Ja-
oby (1990) found 
orrelations between the 
entralstar masses and the N/O and C/O abundan
es of thePN shells in the MC. Their te
hnique was to deter-mine stellar temperature via the 
rossover tempera-ture method, then get the 
entral star masses fromtheir lo
ation on the HR diagram. Among other �nd-ings, this work revealed the nitrogen depletion of thelow-mass 
entral stars.The availability of the HST imagery naturally in-du
ed a renaissan
e of PN studies in the Magellani
Clouds. Even with the earlier, opti
ally-aberratedHST observations, studies of LMC and SMC PNe

led to morphologi
al insight (Blades et al. 1992; Do-pita et al. 1996; Vassiliadis et al. 1998; Stanghellini etal. 1999). As WFPC2 and STIS be
ame available onHST, the level of a

ura
y of the morphologi
al stud-ies of MC PNe rea
hed the level of detail of Gala
ti
PN morphology via ground-based observations.2.2. Our HST/STIS Morphologi
al ProgramIn this paper, we show the early results of a largeproje
t on the morphology, evolution, and popula-tions of the Magellani
 Clouds PNe. Our proje
taims at studying the 
orrelations between morphol-ogy and stellar evolution and populations in PNe inthe Magellani
 Clouds. To this end, we use our ownHST observations, as well as data from the HSTData Ar
hive. The ar
hived data 
onsists of MCPN images in
luding 29 PNe. Most of these imagesare 
ompromised by spheri
al aberration, thus theirresolution is limited. Our own HST images are a
-quired within two HST snapshot programs: 8271(LMC PNe) and 8663 (SMC PNe). The LMC pro-gram is 
omplete with 29 PN observed to date. TheSMC program is still a
tive, 
ounting so far about20 PNe. Here we des
ribe the results obtained fromthe LMC program, but the importan
e of the SMCPN observations and a preview of the early resultsis also dis
ussed.Our MC PNe are observed with STIS slitlessspe
tros
opy (Shaw et al. 2001). This method pro-du
es a series of narrowband images in the promi-nent nebular lines, and a
hieve spatial and spe
tralresolution at on
e. Together with the slitless dis-persion, a 
lear �lter image is also taken for ea
hnebula, as a referen
e for the general morphologyand to lo
ate the 
entral star, if visible, and to de-termine its magnitude. The ar
hived PN images, to-gether with our newly observed images, where 
las-si�ed morphologi
ally as Round (R), Ellipti
al (E),Bipolar (B), Bipolar Core (BC), Quadrupolar (Q),and Pointsymmetri
 (P). All types are dis
ussed inMan
hado et al. (1996), ex
ept the BC 
lass, dis-
ussed by Stanghellini et al. (1999). The spatial res-olution that we a
hieved with the STIS images ofLMC PNe is as good as the typi
al ground based res-olution for Gala
ti
 PNe that are 3 kp
 away. Thismeans that we 
an a
quire a reliable morphologi
al
lassi�
ation of our sample MC PNe. Nonetheless,it is impossible with the existing te
hnology to de-te
t the �ne details in MC PNe. In parti
ular, thepointsymmetry, when asso
iated to bipolarity, 
anbe hard to dete
t.We found that the individual morphologi
altypes in LMC PNe are similar to those of Gala
ti
PNe. In Figure 1 we show a sampler of LMC PNe
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alsamplerofLMCPNe.
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MAGELLANIC CLOUD PNe 115from our survey. We show the images as observedthrough the 
lear �lter, and the [O III℄ 5007 �A 
on-tour plots. We found in our sample Round, Ellipti
al(e.g., SMP 4), Bipolar (e.g., SMP 16), Quadrupolar(e.g., SMP 27), and Pointsymmetri
 (e.g. SMP 10)PNe. The ratio of symmetri
-to-asymmetri
 PNe3 ishigher in the Galaxy than in the LMC. This is anindi
ation that morphology tra
es the metalli
ity ofthe PN progenitors.In Figure 2 we show the [O III℄ 5007 �A surfa
ebrightness evolution, as a fun
tion of the physi
alradius. The LMC PNe are indi
ated with di�erentsymbols, depending on their shell morphology (seeFigure legend). We 
an see a 
lear morphologi
alseparation a

ordingly to the evolutionary rates ofthe di�erent types. Round PNe show a slow sur-fa
e brightness de
line, while Bipolar (and, in gen-eral, asymmetri
) PNe evolve fast. This is true ifthe physi
al radius is a good measure of the dynam-i
al time of the PNe. In e�e
t, the nebular evolutionalso depends moderately on the velo
ity of the shellexpansion (see also Shaw et al. 2001).By studying the 
hemi
al 
ontent of symmetri
and asymmetri
 PNe in the LMC, Stanghellini et al.(2000) found that asymmetri
 PNe derive from theevolution of the youngest of the PN-produ
ing stellarpopulation. In Figure 3 we illustrate this point byshowing the segregation of the LMC PN morpholog-i
al types on the basis of their neon and sulfur abun-dan
es. The evolution of stars in the PN progenitormass range do not alter the abundan
es of sulfur andneon, thus the plot 
learly shows that there is a sep-aration in the populations of the progenitors of thePNe with di�erent morphologi
al types. This �nd-ing bears on the question of formation me
hanismsfor asymmetri
 PNe: the genesis of PNe stru
tureshould relate strongly to the population type, andby inferen
e the mass of the progenitor star, and lessstrongly on whether the 
entral star is a member ofa 
lose binary system, as previously believed.3. SUMMARY AND FUTURE PROJECTSDespite the large number of ex
ellent studies ofGala
ti
 PNe, several questions on PN morphologyand its formation still remain unanswered. Thestudy of the Magellani
 Clouds PNe has the greatadvantage to produ
e absolute physi
al parameters,to 
onstraint and probe the existing evolutionary andhydrodynami
al models. Our program on LMC PNehas already shown that, indeed, there is population3Symmetri
 PNe are Round and Ellipti
al PNe, Asymmet-ri
 PNe are Bipolar, Bipolar Core, and Quadrupolar PNe. Wedo not in
lude Pointsymmetri
 PNe here, for homogeneity ofthe Gala
ti
 and extra-gala
ti
 samples.

Fig. 2. The evolution of the [O III℄ 5007 �A surfa
e bright-ness in LMC PNe.

Fig. 3. Neon and sulfur abundan
es in di�erent LMCPNe. Morphologi
al types: See legend of Fig. 2.and mass segregation among planetary nebulae ofdi�erent morphology, and that symmetri
 PNe seemto evolve slower than asymmetri
 PNe. Furthermore,there are hints that the overall morphologi
al distri-bution in a gala
ti
 PN population depends stronglyon the gala
ti
 type and metalli
ity. A follow up onthese studies bears not only on the understanding ofPN morphology and evolution, but also on the stellarpopulations in galaxies, and on the planetary nebulaluminosity fun
tion as a se
ondary indi
ator of theextra-gala
ti
 distan
e s
ale. We will strive to ob-tain quantitative results on solid statisti
al groundsto enlighten these astrophysi
al aspe
ts.A similar study in the Small Magellani
 Cloud(SMC) is planned, to extend the metalli
ity baseline
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116 STANGHELLINI ET AL.of the above �ndings. The LMC and SMC PN im-ages a
quired by Stanghellini and 
ollaborators willform a database of extra-gala
ti
 PN images that willfar ex
eed in number the Gala
ti
 PNe observed withHST, providing an homogeneous sample for testingthe impli
ations of metalli
ity variations in stellarevolution.Thanks are due to J. Fran
o and the other orga-nizers for the opportunity to parti
ipate in an impor-tant 
elebration for the Peimberts. It was a pleasureto be at the Conferen
e, and to be able to dis
usss
ienti�
 and non-s
ienti�
 issues with J. Fran
o, G.Gar
��a-Segura, M. Dopita, S. Oey, M. Ri
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