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THIRD-DREDGE-UP OXYGEN IN PLANETARY NEBULAE?D. P�equignot,1 A. A. Zijlstra,2 J. Walsh,3 and G. Dudziak3RESUMENLas dos nebulosas planetarias (PNe) Wray 16{423 y He 2{436 pertene
en a lare
ientemente en
ontrada galaxia enana de Sagitario y pare
ieran ser eventos 
asigemelos. El 
arbono es m�as abundante en He 2{436, 
on�rmando que la 
antidadde material del ter
er dragado puede ser diferente en objetos que de otra manerason similares. La alta homgeneidad de los datos obtenidos y de los pro
edimientosusados, el origen 
om�un de estas PNe, sus altas aunque diferentes sobreabundan-
ias de C y las bajas abundan
ias ini
iales de las estrellas progenitoras, ofre
en
ir
unstan
ias favorables para el estudio de los subprodu
tos del ter
er dragado. Elmodelaje 
on fotoioniza
i�on indi
a muy fuertemente que, suponiendo abundan
iasid�enti
as de azufre, el ox��geno es m�as abundante en He 2{436 que en Wray 16{423,quiz�as mostrando por primera vez el ox��geno del ter
er dragado. Si el C est�a prin-
ipalmente en forma gaseosa, dentro de un fa
tor de dos, el in
remento del 
o
ientepor n�umero es �O/�C = 0:07. El arg�on se mantiene 
asi 
onstante mientras que elne�on se in
rementa ligeramente junto 
on el C y el O. Queda sin resolver la rela
i�onentre el ex
eso de nitr�ogeno y la menor sobreabundan
ia de C en Wray 16{423.ABSTRACTThe two planetary nebulae (PNe) Wray 16{423 and He 2{436 belong to thenewly re
ognized Sagittarius dwarf galaxy and appear as nearly twin events. Car-bon is more abundant in He 2{436, 
on�rming that the amount of third-dredge-upmaterial may be di�erent in two otherwise similar obje
ts. The high degree ofhomogeneity of all available data sets and adopted pro
edures, the 
ommon ori-gin of these PNe, their large and di�erent C overabundan
es, and �nally the lowinitial abundan
es of their parent stars provide favorable 
ir
umstan
es to studyby-produ
ts of the third dredge-up. Extensive photoionization modeling stronglysuggests that, assuming identi
al sulfur abundan
es, oxygen is more abundant inHe 2{436 than in Wray 16{423, thus possibly dis
losing for the �rst time third-dredge-up oxygen. If C is mainly in gaseous form, the in
rement ratio by number is�O/�C = 0:07 within a fa
tor of 2. Argon is roughly 
onstant whereas neon maymoderately in
rease together with C and O. An open question is the relationshipbetween the ex
ess of nitrogen and the lesser overabundan
e of C in Wray 16{423.Key Words: GALAXIES: DWARF | ISM: ABUNDANCES | PLAN-ETARY NEBULAE: INDIVIDUAL (HE 2-436, WRAY 16-423) | STARS: AGB AND POST-AGB1. INTRODUCTIONIt is now widely a

epted that the parent stars of planetary nebulae (PNe), the stars with initial mass1 < M=M� < 8, play a key role in the synthesis of helium, 
arbon, nitrogen and s-pro
ess elements.On the other hand, the synthesis of oxygen and neon is passed on to massive stars. It is usual to assumethat the oxygen abundan
e of a PN re
e
ts the abundan
e of the interstellar medium at the time its parent1Observatoire de Meudon, Paris, Fran
e.2Department of Physi
s, University of Man
hester Institute of S
ien
e and Te
hnology, UK.3European Southern Observatory, M�un
hen, Germany. 220
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THIRD-DREDGE-UP OXYGEN? 221star was born, at least for low-mass stars (M < 2.5 M�) in whi
h the 
onversion of O into N due to advan
edCNO pro
essing is unimportant. These stars bring to their surfa
e some nitrogen (1st dredge-up) produ
ed byCN-
y
le 
onversion of 
arbon, and 
opious amounts of 
arbon (3rd dredge-up) produ
ed by 3-� fusion. In 3-�burning 
onditions, the N from the CN 
y
le 
an be transformed into Ne and heavier elements, while a poorlyknown fra
tion of 12C 
an be transformed into 16O. In parallel, 
omplex hydrodynami
 pro
esses make somefresh 12C to mix with 1H, then produ
ing 13C whi
h, on rea
ting with 4He, ends up as 16O and free neutronsresponsible for the synthesis of s-pro
ess nu
lei. It is thus not ex
luded that 3rd dredge-up may bring somefreshly synthesized oxygen to the surfa
e of low-mass stars.Nitrogen and/or 
arbon enri
hment is often prominent in PNe, leaving no doubt that large fra
tions ofthese elements were synthesized in the parent star. This may not be the 
ase for oxygen and one must seek for
ir
umstan
es enabling the dete
tion of a small relative enri
hment.2. THE SAGITTARIUS DWARF GALAXY PLANETARY NEBULAETwo PNe, He 2{436 and Wray 16{423, were found (Zijlstra & Walsh 1996) to belong to the newly re
ognizedSagittarius dwarf galaxy. Opti
al spe
tros
opy, radio 
ontinuum measurements and photoionization modeling(Walsh et al. 1997; Dudziak et al. 2000) indi
ated that these PNe have a 
ommon origin, both showing nearlyidenti
al depletions with respe
t to solar for all elements beyond nitrogen [(�0:55�0:07) dex℄ and both belongingto nearly the same (H-burning) evolutionary tra
k [(1:3� 0:1) M�℄, 
ompatible with the 
arbon stars of thisgalaxy being their Asymptoti
 Giant Bran
h pre
ursors. Wray 16{423 was modeled as an ellipsoidal nebula,with a 15% radiation-bounded, denser se
tor, ex
ited by a star of e�e
tive temperature 1.07�105K, and He 2{436 as a double-shell nebula with a high-density, radiation-bounded, in
omplete inner shell and an outerlower-density region, ex
ited by an 0.70�105K star. The small mass and time-s
ale of this inner shell implya transitory event, presumably related to a late thermal pulse. Both the stellar evolution times
ales and thegas distributions/kinemati
s of the nebulae 
on�rm that these PNe are twin events with Wray 16{423 havingo

ured � 2500 years before He 2{436.Third dredge-up was very a
tive, as expe
ted for low-metalli
ity low-mass stars, and more eÆ
ient in He 2{436. This di�eren
e is not unexpe
ted as the total amount of 3rd-dredge-up material depends sensitively onthe timing of the last thermal pulse(s). An ex
ess of N present in Wray 16{423 is more intriguing (see below).We now 
onsider a tenden
y for oxygen to appear slightly more abundant in He 2{436 than in Wray 16{423.So far, the 
on�den
e intervals asso
iated with the abundan
es overlapped but they resulted from 
omparingtwo independent 
odes and in
luded likely systemati
 e�e
ts (Dudziak et al. 2000). In fa
t, the spe
tra of thesePNe were se
ured and redu
ed simultaneously by the same people using the same instruments and pro
edures.The small apparent size of the PNe led to global spe
tra of the highest reprodu
ibility and relevan
e formodeling. Also, we restri
ted ourselves to the more elaborate models obtained with one of the photoionization
odes (P�equignot et al., in preparation), the same people applying similar pro
edures and 
onvergen
e 
riteriato obtain two-se
tor models in all 
ases. Comparing the results di�erentially, systemati
 errors are then likelyto 
an
el out, the un
ertainties arising mainly from statisti
al errors on the measured 
uxes. We have 
he
kedfrom many theoreti
ally known line ratios that these errors are realisti
, the few dis
repan
ies being indeedsimilar in both PNe. The models mat
hed essentially all line 
uxes within these errors, no more than a fewper
ent for most basi
 lines. The two dis
repan
ies left (the most signi�
ant one with argon) turned out to bevirtually identi
al for both PNe, again suggesting systemati
 errors.Despite the very strong and numerous observational 
onstraints, it was possible to generate several satisfyingmodels for ea
h PN, as three useful line 
uxes (C II 4267�A, [O II℄ 3726�A and [S II℄ 4069�A) were not a

urate.Moreover, the uniqueness of the solution broke down to some extent in the 
ase of He 2{436, the high densityof the inner shell making the [O III℄ line ratio to depend on both temperature and density. Although the rangeof allowed abundan
es was still quite large for He 2{436, abundan
e ratios were mu
h better de�ned.In Table 1 the helium and oxygen abundan
es by number relative to Hydrogen and other abundan
esrelative to oxygen are given. Clearly, Ne/O, S/O and Ar/O de
rease from Wray 16{423 to He 2{436. Sin
e Sand Ar are unlikely to be synthesized in the parent star of Wray 16{423, this trend must be interpreted as anin
rease of oxygen abundan
e.In Table 2 a possible evolution of the stellar envelope 
omposition (abundan
es are by number in units of H= 105) is sket
hed, assuming that (1) S is 
onstant with time within un
ertainties and (2) O varies linearly with
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222 P�EQUIGNOT ET AL.TABLE 1ABUNDANCESRatio Wray 16{423 He 2{436He/H 0.1080�.0015 0.1080�.0025105�O/H 21.4�.2 24.�4.C/O 3.3�.3 5.0�.8N/O 0.213�.015 0.116�.006Ne/O 0.168�.003 0.147�.005S/O 0.0201�.0008 0.0167�.0013Ar/O 0.0042�.0004 0.0029�.0007
TABLE 2EVOLUTIONStage: Init 1st 3rd dg up 3rd dg upElemt dg up (Wray) (He{2)O (16.5) 16.5�3.2 21.4�.2 26.0�2.0C � 5. 4:� 3: 69.�5. 122.�18.N � 1. 2:� 3: 4.6�.3 3.0�.2Ne - - 3.59�.06 3.87�.13S - - 0.44�.02 0.44�.02Ar - - 0.09�.01 0.07�.01C during 3rd dredge-up (
ols. 4, 5). On
e the S abundan
e is spe
i�ed for He 2{436, the range of a

essibleC and O abundan
es is narrowed. Then, based on the di�erential C enri
hment and taking into a

ount
orrelations between C and O in He 2{436 models, the in
rement ratio by number is �O/�C = 0:07 � 0:04.The inferred main-sequen
e abundan
e of oxygen (
ols. 2, 3) is signi�
antly less than the PN values. The initialC and N abundan
es (
ol. 2) are \reasonable" guesses su
h that, after 1st dredge-up (
ol. 3), N is getting aboutits abundan
e in He 2{436 (
ol. 5; see below). The parti
ular 
hoi
e of the initial C is of no 
onsequen
e forthe derived initial O.Ne and Ar appear approximately 
onstant. The possible slight in
rease of Ne with C is far less than the\de
rease" of N, thus probably ex
luding an extensive 
onversion of N into heavier elements along with 3-�burning. On the other hand, it is not 
lear why the 1st dredge-up would be more eÆ
ient in Wray 16{423than in He 2{436 and it is unlikely that the 2nd dredge-up 
ould operate in a low-mass star. Also He isequally enhan
ed in both PNe. May some kind of \
old bottom pro
essing" (Boothroyd & Sa
kmann 1999)has 
onverted re
ently synthesized 13C into 14N before dredge-up? Can this pro
essing be more e�e
tive in
onditions where the �nal C overabundan
e is less extreme? These questions are up to stellar evolution theory.More a

urate and more 
omplete observations (UV, near IR) of Wray 16{423 and He 2{436 are needed toimprove these preliminary results. New 
onstraints, for example from di�erent re
ombination lines, may leadto a revision of some model assumptions and/or 
hallenge the view that these PNe are of 
ommon origin.Meanwhile, stellar and gala
ti
 evolution theories may have to 
onsider the impli
ations of a possiblesynthesis of oxygen by low-mass stars. Spe
tros
opy of [WC℄ stars and re
ent star models of late thermalpulses (Herwig et al. 1999) agree that O/C may be even larger than our �O/�C. The question of how mu
hof this oxygen is e�e
tively expelled and mixed in the interstellar medium is to be investigated.REFERENCESBoothroyd, A. I., & Sa
kmann, I.-J. 1999, ApJ, 510, 232Dudziak, G., P�equignot, D., Zijlstra, A. A., & Walsh, J. R. 2000, A&A, submittedHerwig, F., Bl�o
ker, T., Langer, N., & Driebe, T. 1999, A&A, 349, L5Walsh, J. R., Dudziak, G., Minniti, D., & Zijlstra, A. A. 1997, ApJ, 487, 651Zijlstra, A. A., & Walsh, J. R. 1996, A&A, 312, L21D. P�equignot: Laboratoire d'Astrophysique Extragala
tique et de Cosmologie asso
i�e au CNRS (UMR 8631)et �a l'Universit�e Paris 7, DAEC, Observatoire de Paris-Meudon, F-92195 Meudon Prin
ipal Cedex, Fran
e(Daniel.Pequignot�obspm.fr).A. A. Zijlstra: Physi
s Dept., UMIST, P.O. Box 88, Man
hester, M60 1QD, UK (aaz�iapetus.phy.umist.a
.uk).J. Walsh and G. Dudziak: ESO, Karl-S
hwarzs
hild Strasse 2, D-85748 Gar
hing bei M�un
hen, Germany(jwalsh, gdudziak�eso.org).


