
Revealing the Nature of the Asymmetri
Planetary Nebula Progenitors throughAbundan
e AnalysisLetizia StanghelliniNational Opti
al Astronomy Observatory, 950 N. Cherry Avenue, Tu
son AZ857129; lstanghellini�noao.eduSummary. The 
orrelations between planetary nebula (PN) morphology and thenature of their progenitors are explored by examining homogeneous PN samples inthe Galaxy and the Magellani
 Clouds. We sele
ted PNe with reliable abundan
esfrom spe
tral analysis, and whose morphology is known, and 
ompared the abun-dan
es of the element at varian
e with stellar evolution with the �nal yields ofAsymptoti
 Giant Bran
h (AGB) stellar models. We found that most asymmetri
PNe derive from the evolution of massive AGB stars both in the Gala
ti
 disk andthe Magellani
 Clouds.Key words: Planetary Nebulae; Low- and Intermediate-mass stars; Stellar Evolu-tion; Abundan
es1 Introdu
tionPlanetary Nebulae (PNe) are important probes of stellar evolution. The Asymptoti
Giant Bran
h (AGB) stellar envelopes 
arry the signature of the elemental evolutionwithin the star, whi
h in turn depends on its initial metalli
ity and, predominantly,its main sequen
e mass. By 
omparing PN abundan
es of the elements at varian
ewith AGB evolution, su
h as helium, 
arbon, oxygen, and nitrogen, to evolutionaryyields 
al
ulated for the �nal envelope eje
tion in stars of appropriate metalli
ity,one 
an set strong 
onstraints to the initial stellar mass. The only assumption isthat the PN progenitors are single stars, or members of wide binary systems. Closebinary stellar evolution is dis
ussed elsewhere (see Izzard, this 
onferen
e).In this paper we 
ompare abundan
es of Gala
ti
 and Magellani
 Cloud PNeto the yields derived from single star evolution. To this end, we sele
ted PN withknown morphology, so that we 
an follow systemati
 relations between the possibleAGB origin of PN of di�erent morphologi
al 
lasses.
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ted SamplesWe use the Gala
ti
 disk PNe as in Stanghellini et al. [16℄, 
onsisting of a large PNsample whose abundan
es were homogeneously re
al
ulated from sele
ted published�ux data. We also used the sample by [4℄ for 
arbon abundan
es, not available in[16℄. Other authors have published samples of Gala
ti
 PN abundan
es. In the 
aseswhere the 
al
ulations are based on similar ionization 
orre
tion fa
tors [6℄, theelemental abundan
es 
ompare well with those used here [16℄. The additional valueof the sample used is that it in
ludes only disk PNe, expli
itly ex
luding the haloand bulge populations. Gala
ti
 PN morphologi
al 
lasses are sele
ted from the IACMorphologi
al Catalog of Northern Gala
ti
 PNe [8℄.The LMC and SMC PN abundan
es used in this paper are from referen
es[7, 15, 3, 10, 1, 17℄. Morphology of Magellani
 Cloud PNe, available only throughHubble Spa
e Teles
ope observations, are from [11, 12, 13, 14℄.Element PN type MW Disk LMC SMCHe/H Whole sample 0.12 0.10 0.091Symmetri
 0.11 0.09 0.086Asymmetri
 0.15 0.10 0.092C/H (×104) Whole sample 5.7 3.3 2.8Symmetri
 . . . 5.2 3.3Asymmetri
 . . . 2.0 . . .N/H (×104) Whole sample 2.4 0.97 0.46Symmetri
 1.6 0.67 0.30Asymmetri
 4.6 1.5 0.65O/H (×104) Whole sample 3.5 1.9 1.1Symmetri
 3.4 2.0 1.5Asymmetri
 3.8 1.0 0.8N/O Whole sample 0.66 0.62 0.6Symmetri
 0.42 0.36 0.16Asymmetri
 1.32 0.93 0.91Table 1. Average abundan
es of morphologi
ally sele
ted PNe in the Gala
ti
 disk,the LMC, and the SMC
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ti
 Planetary NebulaeIn Table 1, 
olumn (3), we show the average He/H, C/H, N/H, O/H, and N/O abun-dan
es of Gala
ti
 disk PNe. All abundan
es are expressed linearly, the C/H, N/H,and O/H have been multiplied by 104. We used the Man
hado et al. [9℄ 
lassi�
a-tion s
heme to group the PNe as symmetri
 (round and ellipti
al) and asymmetri
(bipolar, bipolar 
ore, and quadrupolar). We 
al
ulate the average abundan
es forea
h population and, where possible, for the symmetri
 and asymmetri
 PN 
lasseswithin ea
h population as well. From the Table we infer that He/H and N/H aver-ages are always higher in asymmetri
 than symmetri
 PNe, both the Gala
ti
 diskand the Magellani
 Clouds.

Fig. 1. Left panel: N/O vs. He/H; right panel: N/O vs. O/H. In both panels weplot the Gala
ti
 sample PNe, with Symmetri
 PNe represented by red dots, andAsymmetri
 PNe with blue dots. The overlapped open symbols represent the yieldsfrom stellar evolution: Open 
ir
les: 1<M/M⊙ <4 [5℄; open squares 4< M/M⊙ <6[5℄; open stars: 5<M/M⊙ <8 [2℄.Figure 1 shows the 
omparison between the Gala
ti
 PN abundan
es and theyields from stellar evolution. On the left panel we show the N/O vs. He/H abun-dan
es for the PNe in our sample. Asymmetri
 PNe (blue dots) o

upy a di�erentlo
us than symmetri
 PNe (red dots), even if a small overlap of the two samplesexists. The yields resulting from the envelope eje
tion of the evolution of low mass(1<M/M⊙ <4) and intermediate mass (4<M/M⊙ <6) stars 
al
ulated by Karakas& Lattanzio ([5℄, and Karakas, this volume) are indi
ated with open 
ir
les andsquares respe
tively. We interpret the plot in the sense that symmetri
 (i.e., roundand ellipti
al) PNe originate from single star evolution with M<4 M⊙, and mostasymmetri
 PN are the progeny of evolution of M>4 M⊙ stars. The ex
eption tothis single (or wide binary) stellar s
enario is represented by 
lose binary evolution,
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h would likely produ
e asymmetri
 PNe with low N/H (see Izzard, this vol-ume). We also plot the 5<M/M⊙ <8 yields from Gavilan et al. [2℄ with open stars.While Gavilan's results showing the high mass yields well en
ompass the extremelyhigh N/H asymmetri
 PNe, these are based on syntheti
 rather than evolutionarymodels, thus should be be interpreted with 
aution.In the right panel of Figure 1 we show N/O vs. O/H. The 
olors and symbols havethe same meaning than in the left panel. On
e more, the symmetri
 PNe seem to bewell en
ompassed by low-mass star progenitors, and asymmetri
 PNe lie with thehigh mass yields of stellar evolution. It seems that the available models en
ompassonly one range of initial metalli
ities, while Gala
ti
 PNe spread over a larger range.The N/O vs. O/H plot gives and indi
ation of the e�
ien
y of the ON 
y
le in AGBstars. Following the models, it is 
lear that the ON 
y
le is a
tive for the high massstars only, those going through the third dredge up.4 Magellani
 Cloud PNeThe same relations between the yields from stellar evolution and PN abundan
eshave been found in the Magellani
 Cloud PNe, with the di�eren
e that the limitingmass for symmetri
 vs. asymmetri
 PN progenitors is lower in the Clouds than inthe Gala
ti
 disk. We infer that there is a tight 
orrelation between high He/H andN/O ratios and asymmetri
 morphology in all galaxies where it has been possibleto test this relation. The 
omparison of the data with the models of appropriateinitial metalli
ity shows that the lo
us of asymmetri
 PNe in the diagnosti
 plots(su
h as those in Figure 1) is en
ompassed by the yields for higher AGB mass stellarmodels. In Figure 2 we summarize our abundan
e data, by showing the He/H andN/O ratios as averages for the di�erent morphologi
al 
lasses, for Gala
ti
 andMagellani
 Cloud PNe. The He/H and N/O averages are di�erent in symmetri
 andasymmetri
 PNe, and their ranges (indi
ated by the bars) barely overlap, in all threepopulations. The N/O ratio is mu
h higher in asymmetri
 than symmetri
 PNe ofall three populations. It is worth noting that the N/O ratio is unexpe
tedly high inthe asymmetri
 SMC PNe, likely an e�e
t of oxygen depletion during the ON 
y
lethat is very e�
ient at low metalli
ities.5 Final remarksWith the straightforward sele
tion of three PN populations from the Gala
ti
 disk,the LMC, and the SMC, and the assumption that their elemental abundan
es derivefrom the stellar pro
essing of material during the evolution of their progenitors, wewere able to infer that symmetri
 PNe mostly derive from the evolution of low mass(<4 M⊙ in the Galaxy) AGB stars, while the opposite is true for asymmetri
 PNe.The results of this paper apply to the majority of the spatially resolved planetarynebulae, and ex
lude the produ
ts of 
lose binary intera
tions.A
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Fig. 2. Averages (dots) and ranges (bars) of the He/H (left panel) and the N/O(right panel) ratios in the three populations studied. The abs
issa represents theaverage metalli
ity of the galaxy 
onsidered. We separate the symmetri
 (red) andasymmetri
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