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Abstract. The O/H metallicity distribution of different samplesby Cuisinier et al.[(1999) and Costa & Maciel (1999) has le
of planetary nebulae in the bulge of the Milky Way and M31 att® He, O, N, Ar and S abundances for about 40 bulge PN, wi
compared. O/H abundances are converted into [Fe/H] metalléet uncertainty comparable to disk objects, namely up to 0.2
ity by the use of theoretical [O/F¢e] [Fe/H] relationships both for O/H. The bulge O/H abundances are generally comparal
for the bulge and the solar neighbourhood. Itis found that thesih those of the disk, and the O/H, Ar/H and S/H ratios ¢
relationships imply an offset of [Fe/H] abundances by afactor lyg higher than the disk counterparts even though very m
to 0.5 dex for bulge nebulae. Systematic errors in the O/H abuith PN are missing in the bulge. Since underabundant nebu
dances as suggested by some recent recombination line warlk, also present, these results suggest that the bulge contai
ON cycling and statistical uncertainties are unable to explain thiéxed population, so that star formation in the bulge span
observed offset, suggesting that the adopted relationship for tide time interval.
bulge probably overestimates the oxygen enhancement relativeChemical abundances of PN in the bulge of M31 have be
toiron. recently studied by Jacoby & Ciardullo (1999), who have i
cluded in their analysis some results by Siaka et al.[(1998)

Keywords: ISM: planetary nebulae: general —ISM: abundancesd Richer et al[ {1999). Fid. 1 shows a comparison of this sal
ple (42 PN, top panel) with the galactic bulge objects from Rat
etal. [1997) (103 PN, lower panel, thin line) and Cuisinier et
1. Introduction @) (30 PN, lower pangl, thick line). The oxygen abundan
is given in the usual notatioa(O) = log(O/H) + 12. It can be

Recent chemical evolution models usually predict different rgeen that all the O/H abundance distributions are similar, pe
lationships between thexfelements/Fe] and the metallicity asng around 8.7 dex, and showing very few if any super met
measured by the [Fe/H] ratio for the different phases that cofth objects with supersolar abundances.
prise the Galaxy, namely the disk, bulge and halo (see for exam- |n order to compare the PN metallicity distribution with th
ple Pagel 1997). These relationships basically reflect the rate@lar distributions, it is necessary to convert the measured n
which these elements are produced in different scenarios, beiigt O/H abundances into the usual [Fe/H] metallicities relati
usually faster in the bulge and halo compared to the disk in thfthe Sun. Direct measurements are of limited usefulness,
framework of an inside-out model for Galaxy formation.  two main reasons. First, a very small number of planetary n
Metallicities of bulge stars are poorly known compared withiae have measured iron lines, due to their weakness and
disk objects, as only limited samples of well measured stars aggatively large distances of the nebulae, so that the deriv,
available. As a COﬂClUSiOﬂ, the derived metallicity diStribUtiO{}mues are more uncertain than the usual O, N or Ar abu
and the corresponding ratios betweenthelements and metal- dances. Second, all available measurements indicate a str
llicity are not well known. In this work, a sample of bulge planedepletion usually attributed to grain formation, so that the me
tary nebulae (PN) with relatively accurate abundances is usediped Fe abundances should be considered as lower limit
shed some light on the [O/Fe][Fe/H] relationship adopted for the total abundances at the times of formation of the PN pr,
the bulge. It will be shown that this relation probably exageratggnitor stars. Both these aspects are illustrated ifiFig. 2, wh
the amount of oxygen produced at a given metallicity. we plot the [Fe/H] abundances against oxygen for a group
four disk planetary nebulae from Perinotto etfal. {1999, squal

2. Metallicity distribution of bulge PN with error bars) and one object by Pottasch & Beintema (119
triangle with error bars). In all conversions we have used t

Many bulge, or type V PN (Maciel 1989) are known, but onlyy|arjron apundanceFe)., = 7.5 (Anders & Grevesse 1989)
recently have accurate abundances been obtained. Recent ‘é(ﬂﬂ(average O/H error bars.
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03l Cuisinier et al. T] Fig. 2. [Fe/H] x log O/H + 12 relation for the galactic bulge (solid
— | Iine).and solar neighbpurhood (dotted line) from the [O/EelFelH]
| relations of Matteucci et al. (1999). Also shown are: Four disk PN
0.2 — from Perinotto et al. (1999, squares with error bars), a disk PN from
Ratag et al. | Pottasch & Beintema (1999, triangle with error bars), 6 bulge giants
0.1 - T from McWilliam & Rich (1994, crosses), and a bulge star from Barbuy
\ (1999, asterisk).
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Fig. 1.Lower panel: metallicity distribution of bulge PN from Cuisinier | Bulge [0/Fe] x [Fe/H]
et al. (1999, thick line) and Ratag et al. (1997, thin line). Top pan%: - [0/Fe] x [Fe/H]
The same for the PN in the bulge of M31 (Jacoby & Ciardullo 1999); S : : / 7
5 \ PN | P'N' 1 McWilliam &
= : Rich
A better way to convert O/H abundances into [Fe/H] meta’.gL L o / i
licities is to use theoretical [O/Fe{ [Fe/H] relationships, such ~ I
as those recently derived by Matteucci et/al. (1999) both for the | v - |
solar neighbourhood and the galactic bulge. The corresponding ’—‘ T : |
relations are more suitably plotted in Hi§J. 2 usiti®)s = 8.9 o N N S N NI S \
(Anders & Grevesse 1989) both for the bulge (solid line) and - 0 1
the solar neighbourhood (dotted line). [Fe/H]

i T.?)k'r.‘g '“t]? t‘;"clcoum ”}e relations shown in [ig. 2, the OéF—lig. 3. Metallicity distribution of bulge PN using the [O/Fe] [Fe/H]
istribution of bulge PN from Cuisinier et al. (1999) can felations from Matteucci et al. (1999) for the bulge (solid line) and

converted into a [Fe/H] distribution, as shown in Fi. 3. AgaiGy|ar neighbourhood (dotted line). The dashed histogram shows the
the solid line corresponds to the [O/Fe][Fe/H] relationship istribution of K giants from McWilliam & Rich (1994).

for the bulge, and the dotted line was obtained using the solar

neighbourhood relation shown in Fig. 2. As a comparison, the

dashed histogram in Fig. 3 shows the metallicity distribution of

bulge K giant stars in Baade's Window by McWilliam & Rich

(1992). It can be seen that the PN metallicity distribution lookgadler et al (1996) for Mg and by the results recently presented
similar to the K giant distribution if theolar neighbourhood Py Feast[(2000), who has shown that the metallicity distribution
[O/Fe] x [Fe/H] relation is adopted, but when thelgerela- ©0f bulge Mira variables peaks around [FeAH], whichis again

tion is taken into account the derived distribution is displacdéiigher by roughly 0.5 dex than the bulge PN shown by the solid
towards lower metallicities by roughly 0.5dex. The PN sanfistogram in Fig.B. Since both classes of objects are basically
ples were carefully selected not to include disk objects (seéh# offspring of the evolution of intermediate to low mass stars,
deta”ed discussion in Cuisinier et 99), and their progeﬁileir metallICIty distributions Should aISO be Similar. These Ob'
tor stars are C|ear|y not massive enough to appreciab'y Chams may be located within a certain distance from the gaIaCtiC
their initial O/H compossition. Therefore, the bulge PN metalliccentre, but, as discussed by Frogel (1999), any gradient between
ity distribution is expected to be similar to that of the K giant§aade’s Window and the Centre must be small, amounting up
This conclusion is strenghtened by the earlier measurementéo few tenths of a dex.
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3. Discussion sibly including a sizable sample of disk PN with well measur

Several reasons can be considered in order to explain the flgpidden-line and recombinatior-line abundances.
P Secondthe possibility of ON cycling has often been men

'fr:gTngn?ggﬁéwi]lﬁ:rzlgceRPig]h(I}%al;-ﬂg)n Ssrls?évr:;r:i:ggr'rifﬁgned for planetary nebulae (see for example Mdciel 199

in th gO/H bund f planet b | yl dina to mild asically due to some anticorrelation in the N/O ratio compar

!sntrorfg undzr::tir?lgfgss 8f ?h?snzjgtﬁ; l(Jii?eél\T?:yg]I%goirr:"thW%h He/H for disk PN. However, this phenomenon is only e
; : DBFTTO :

PN progenitor stars, which would lead to a depleted O/H rati ected to occur in Type | PN (cf. PeimbBrLIb78), which a

- o . drmed mainly from the higher mass progenitor stars. These
(i) Statistical uncertainties due to the fact that the con&deret{:tS have an excess of He/H and/or N/O, and their oxygen ab

samples are relatively small and probably incomplete, and (l

dances are in fact slightly lower than the most common Type
uncertainties in the adopted [O/Fe][Fe/H] relationships. Let . 0
us briefly consider each of these possibilities. objects (see for example Maciel 2000). However, the amount

which the O/H ratio is decreased is very small (roughly 0.1 de

o /HFirEt, s(;)me recintl wortk has rg iTed the pbOSSib(ij”ty ﬂl‘?‘t t?’;\en Type | objects are explicitly excluded from the disk samp
abundances ot planetary nebulae may be underestimaigQy, , o) g Quireza [(1999). Regarding the bulge PN, almo

in view of the discrepancies between the forbidden line a tﬂ objects show no trace of He/H or N/O enrichment. so th

recombination line values for a number of objects (Mathis & . o : ;

Liu 1999, Liu & Danzigef 1993). In principle, that would behnllszigolésmmty cannot be used to explain the discrepancy sho
applied to all PN samples considered in this work, namely, the' 5.~ - _ -

bulge PN of Ratag et all (1997), Cuisinier et al, (1999) and Third, statistical uncertainties are more difficult to analyz

. . . ) ince the considered samples are relatively small and may be,
the objects in the pulge of .M31 of Jacoby & Ciardullo (1999} cted by observational selection effects. However, all distrib
There are no detailed published (under)abundance analyse %or

! . ~Tions can be understood in terms of general models for chemi
a large number of objects, but in order to be able to explain t g

i T evolution of the Galaxy, and the similarities of the metallicit
discrepancy shown in Figl 3, the O/H abundances should haye, ., . ; T i .
to be underestimated by about 0.5 dex, or a factor 3. This faés?trlbutmns of different objects such as G-dwarfs and disk P

tor should also be applied tisk PN, as their abundances a or bulge PN, Mira variables and K giants fit rather nicely in th

; . . rg mework of galactic evolution, within the uncertainties of th
ﬂ'%r\;:lls\?e;js'cr:ﬂs?ngﬁghe Sag)]ehg:/?r;%?)?/vﬁstiitf?rze?lr?:zt erived abundances. Considering the bulge PN in particular,
S m. S ) %imilarity of the three different distributions shown in Fig. 1 i
licity distribution for bulge PN is similar to the correspondln%

distribution of disk PN given by Maciel & Kppen[(1994). This triking, even though they reflect different samples using di

) . ferent techniques. Small differences such as the lack of oxy
is confirmed by the recent (although smaller) sample of d'??((:h PN in the Cuisinier et al {1999) sample may be explain

PN used by Maciel & Quireza (1999) to study radial abundange . ; ;
gradients in the galactic disk. This sample includes 128 disk P. the smaller size of this sample. However, we are interest

o : in’*very broad aspects of these distributions, and not in the
and an application of the solar neighbourhood [O/k¢Fe/H] ailed behaviour at a given metallicity of range of metallicitie

relationship of Mattguc_m e_t all {1999) (dotted line in I%. '220 that it is unlikely that statistical uncertainties might produ
produces a [Fe/H] distribution peaked at [Fef-]-0.3. This . ;
the discrepancy shown in Fig. 3.

is very similar to the recent G-dwarf metallicity distribution . -

. ) Fourth, we are left with the possibility that the bulge [O/Fe
\c/)vfittr:]iﬁ tsholar ne|”ghb3urrt10(cj)d :y ioﬁ]r;?-P;zttc;]&x\lacmb ndgg@ Fe/H] relation as given by Matteucci et dl. (1999) or, equi
fuDp t %l;sc;]a )f/a opte 11J_hce fa e.fs € ta u Ia El ntly, the [Fe/H]x log O/H relation given by the solid line in
ot up to 9.2 dex tor oxygeniherelore, i we were 1o apply aFig.[Z might be responsible for all or most of the discrepan

correction factor of about 0.5 dex to the O/H abundances, the TR . .
. . S ) i the metallicity distributions shown in Figl. 3. Such relatio
derived disk PN distribution would imply a very large number

. . ! assumes a faster evolution during the bulge formation, so tl
of extremely metal-rich objects, whose nature it would be ve 9 g

difficult to explain. Moreover, the PN distribution would pea r neighbourhood. Although this is correct in principle, th

a’)[(aborL:trig.ﬁ ?ﬁ xnv;/rt: |cgmne§ns tg at tm ofst dt'SgNnWOl::dige:qBF%sent results suggest that the amount of oxygen produced
oxygen rich than the sun by about a factor=/en conside beien overestimated, leading to an excess of O/H for a giv

ing ihat the populations of PN and G-awarfs have Somewhr'getallicity. In fact, the earlier models of Matteucci & Brocat

Ya given metallicity the [O/Fe] ratio is higher than in the s

o oo xamtalJ00) e  ower [OIF] ennancemen,producin a
P g peJ agreement with the present results. On the other hand, th

;ge rr]n (_elt:,aillrllltc'tyt zﬁ%g bﬁ(}'\r/v?rr:lgTan E?horrt?r? ricent V\rqorlk t: rr%a some independent evidences that the theoretical [O/Fe

ar? Cuidere(s)t?mate of thaé O/g zbeun?;;sncees?n I)D-N ;%S(I)d f\alljvset tg bulge may be overestimated. A recent analysis by Bar
Y and collaborators for one star in the bulge globular cluster N

be much lower than 0.5 dex, and could be well accommoda 8 (see for example Barbily 1999) shows that [O££6]35

within an average uncertainty of 0.2 dex. Of course, this does . o N

exclude the possibility that soniedividual nebulae may have ?&Ia metallicity [Fe/H}~ —0.6, so that [O/H]= —0.25 andlog

: ; -7 O/H + 12~ 8.65. This object is also shown in Figl. 2 (asterisk
strongly underestimated abundances, bu agefactor 'S andis closer to the dotted curve than to the bulge relation (so
probably much lower than 0.5 dex. Further work is needed, p

%'e). Also, forall six bulge giants with measurable [Ol] fea-
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tures in the McWilliam & Rich[(1994) sample the [O/Fe] ratio i9acoby, G.H., Ciardullo, R., 1999, ApJ 515, 169
lower by0.2—-0.7 dex than predicted by the [O/Fg][Fe/H] re- Liu, X.-W., Danziger, J., 1993, MNRAS 263, 25
lationship of Matteucci et al. (1999). These stars are also shoWaciel, W.J., 1989, IAU Symp. 131, ed. S. Torres-Peimbert, Kluwer,

in Fig.[2 (crosses), and are clearly located to the left of the bu:&e 73
curve, even allowing for some uncertainty in the O/H abu Aaciel, W.J., 1992, Elements and the cosmos, ed. M.G. Edmunds, R.J.

. . i Terlevich, Cambridge, 210
dances. T . ’ ' . .
he average difference is abaGuex, which is just Maciel, W.J., 2000, Chemical evolution of the Milky Way: stars versus

whatis needed to eliminate the offset of the bulge PN metallicity clusters, ed. F. Giovannelli, . Matteucci, Kluwer (in press)
distribution shown in Fid.13. Therefore, it can be concluded thgt, o) .3 Kjbpén, 1., 1994, AGA 282, 436

the theoretical [O/Fek [Fe/H] relation for the bulge probably paciel, w.J., Quireza, C., 1999, A&A 345, 629
overestimates the oxygen enhancement relative to iron by fgthis, J.S., Liu, X.-W., 1999, ApJ 521, 212

to 0.5 dex, at least for metallicities [Fe/E] —1.5 dex. Matteucci, F., Brocato, E., 1990, ApJ 365, 539
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