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Abstract. While the chemical abundances observed in bright planetary nebulae in local spiral
galaxies are less varied than their counterparts in dwarfs, they provide new insight. Their he-
lium abundances are typically enriched by less than 50% compared to the primordial abundance.
Nitrogen abundances always show some level of secondary enrichment, but the absolute enrich-
ment is not extreme. In particular, type I PNe are rare among the bright PNe in local spirals.
The oxygen and neon abundances are very well correlated and follow the relation between these
abundances observed in star-forming galaxies, implying that either the progenitor stars of these
PNe modify neither abundance substantially or that they modify both to maintain the ratio
(not predicted by theory). According to theory, these results imply that the progenitor stars of
bright PNe in local spirals have masses of about 2 Mg or less. If so, the progenitors of these PNe
have substantial lifetimes that allow us to use them to study the recent history of their host
galaxies, including gravitational interactions with their neighbours. Areas that require further
study include the systematic differences observed between spectroscopy obtained through slits
and fibres, the uncertainties assigned to chemical abundances, including effects due to ionization
correction factors, and the physics that gives rise to the PN luminosity function. Indeed, so long
as we lack an understanding of how the last arises, our ability to use bright PNe as probes to
understand the evolution of their host galaxies will remain limited.
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1. Introduction

In the past few years, substantial studies of chemical abundances in planetary nebulae
(PNe) in the discs of local spirals have begun to appear. So far, the galaxies observed
include only M31, M33, NGC 300, and M81. These observations lagged behind their
counterparts in the bulge of M31, Cen A, and dwarf galaxies due to the challenge of
separating them from the numerous compact H 1I regions and the diffuse ionized gas
that pervades spiral discs (see Fig. 1 for a list of the data). Given the area of spiral
discs, multi-object spectrographs, employing both slits and fibres, have had to be used
to obtain the required data. The reader should keep in mind that the PNe observed thus
far are all among the brightest PNe in their galaxies, and it is not yet clear that these
necessarily sample the entire population of PNe or the entire population of stars that
give rise to PNe. For a complementary view of the bright PNe in dwarf galaxies, see
Gongalves (this volume) or Gongalves et al. (2014).

2. Results

Fig. 1 summarizes the results obtained thus far for the abundances of the elements
helium, nitrogen, oxygen, and neon. (The scarcity of data for argon and sulphur does
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Figure 1. We summarize the results regarding chemical abundances in bright PNe in local spiral
galaxies, including the bulge of M31. The galaxies are identified in the legends. In general, bright
PNe in local spirals show modest enrichment in He, essentially all show some level of secondary
nitrogen enrichment, though Type I PNe are rare, and the Ne and O abundances are very well
correlated. The definition of Type I PNe (red lines, bottom left panel) is that of Perinotto et al.
(2004) for the Milky Way. As regards Ne/O, the great majority of the data points and virtually
all of the error bars lie within the uncertainty about the mean relation between Ne/O and O/H
for star-forming galaxies from Izotov et al. (2006). The definition of primary enrichment of N
also comes from this reference. Data sources for all analyses: M31 Jacoby & Ford (1986); Richer
et al. (1999); Jacoby & Ciardullo (1999); Roth et al. (2004); Kwitter et al. (2012); Sanders et al.
(2012); Fang et al. (2013); Balick et al. (2013); Kniazev et al. (2014); Corradi et al. (2015) M33
Magrini et al. (2009); Bresolin et al. (2010) NGC 300 Stasiriska et al. (2013) M81 Stanghellini
et al. (2010); Stanghellini et al. (2014); Richer & McCall (2015).

not warrant a detailed analysis.) The top panel presents 12 + log(O/H) versus He/H.
Most of the bright PNe in local spirals have neither very low nor very high oxygen
abundances, with most falling within the range 7.9 dex < 12 + log(O/H) < 8.9 dex. This
is not unexpected given past observations or theoretical expectations (Dopita et al. 1992,
Richer & McCall 2008). This may mostly reflect that the chemical evolution of the discs
of spirals is slow. The bulge of M31 shows a greater range of oxygen abundances than
the spiral discs.

In the top panel of Fig. 1, the primordial helium abundance (e.g., Peimbert et al. 2007,
Izotov et al. 2014) as well as a value 50% larger are shown, between which most of the
measurements lie. Since most of the progenitor stars of these bright PNe were formed with
a helium abundance above the primordial value, the enrichment of the helium abundance
in the envelope during the evolution of these stars must have been less than 50%.

The left panel in Fig. 1 presents the N/O abundance ratio as a function of He/H. The
top right part of this diagram defines the region in which type I PNe within the Milky
Way are found (Perinotto et al. 2004). Clearly, the progenitor stars of all bright PNe
in local spirals formed from gas that had suffered some level of secondary enrichment,
because the lower envelope to the data exceeds the expectation for primary production
of nitrogen by type II supernovae as judged from observations in metal-poor star-forming
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galaxies (Izotov et al. 2006). With respect to the secondary enrichment level, the stellar
progenitors of these PNe further enriched their envelopes during their evolution, typically
by less than a factor of 10 (1.0dex), but even so a challenge for models.

Finally, the right panel in Fig. 1 illustrates the excellent correlation between oxygen
and neon abundances. The solid line is the relation between oxygen and neon abundances
observed in star-forming galaxies (Izotov et al. 2006), the result of the yields from type
IT supernovae. Evidently, if the progenitors of bright PNe in local spirals follow the same
relation, either they modify neither abundance or modify both so as to maintain the
proportion seen in the interstellar medium of star-forming galaxies.

3. Theoretical Interpretation

We compare these observations with the models of Karakas (2010; henceforth K10),
Cristallo et al. (2011; C11), and Pignatari et al. (2013; P13). While these models may not
span the entire parameter space available, they are indicative of the results from models
with conservative implementations of semi-convection. At the risk of over-generalizing,
their helium production is similar and modest. K10 produces somewhat more nitrogen
than the other models, especially for masses below 3-4 Mg, but less neon and much
less oxygen (some K10 models even consume oxygen). P13 produce substantially more
oxygen than K10 or C11. All of these models are able to produce type I PNe only for
M > 5—6Mg and K10 can exceed the enrichment observed. We recall that the relevant
metallicity range for the observations presented here is Z ~ 0.004 — 0.02.

The observation that is most decisive concerning the mass of the progenitor stars is
the tight correlation of oxygen and neon abundances. The mass above which the (Ne/O)
ratio departs from the observed value is approximately 2.1 — 2.25 Mg (Z = 0.004 — 0.02)
and 2.0Mg (Z = 0.003 — 0.02), for K10 and C11, respectively. The P13 models at
Z = 0.01 — 0.02 are marginally compatible with the observed relation, but none of their
models are compatible at lower metallicities (due to oxygen production). The rarity
of type I PNe imply that high mass stellar progenitors produce very few bright PNe.
Therefore, these model results indicate that the stellar progenitors of bright PNe in local
spirals typically have masses of about 2.0 My or less.

Interpreting nitrogen abundances is complicated (e.g., Richer & McCall 2008). No
models can increase N/O by an order of magnitude and maintain the tight correlation
of the oxygen and neon abundances.

4. Concerns

When comparing the oxygen abundances from PNe and H 11 regions in a given galaxy,
it is common to find a greater dispersion among the oxygen abundances from the PNe.
If this dispersion were only to lower values for the PNe, it would be less worrisome, since
PNe arise from progenitors that were formed in the past, when metallicities were lower.
However, it is also common to find many high values, above the mean observed for the
local H 11 regions. The oxygen abundances from fibre spectroscopy in M33 are the most
extreme example, with PNe having oxygen abundances in excess of the largest observed
in its H 11 regions, even when uncertainties are considered (Stasifiska et al. 2013).

A possible explanation is that the progenitors of bright PNe synthesize oxygen. If so,
they must also synthesize neon proportionately (§2). As Karakas & Lattanzio (2003)
point out, there is no reason that the progenitors of PNe should synthesize oxygen and
neon in the ratio observed in the interstellar medium in star-forming galaxies, which
is set by the nucleosynthesis of type II supernovae. While the progenitors of PNe can
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Figure 2. We present the cumulative distribution functions of the intensities of [O 11] A3727
and [O 1] A5007 relative to HB (intensity of HB normalized to 100). The “fibre” and “slit”
distributions amalgamate all measurements of each type for all galaxies. For each galaxy with
fibre spectroscopy, the distributions are shown separately as well. The green cross represents
a typical line ratio (or range) for the diffuse ionized gas in the disc of M31 (Greenawalt et al.
1997) and is placed arbitrarily in the vertical direction. The inset in the left panel shows that
the difference in the distribution of the [O 11] A3727 intensities persists to the lowest values. The
distribution of [O 11] A3727 and [O 11] A5007 line intensities between slit and fibre spectroscopy
is in the sense that might be explained by contamination from diffuse ionized gas in the fibre
measurements (non-local sky subtraction), being worse for M81 than for M31 or M33, perhaps
because it is the most distant system. Note that the slit spectroscopy for PNe in M81’s disc
(right panel) does not differ from the slit spectroscopy for other systems. The difference between
the slit and fibre distributions of the [O 11] A3727 and [O 111] A5007 line intensities is significant,
with probabilities of only 2.0 x 10™° and 1.9 x 10~°%, respectively, of arising from the same parent
distribution.

synthesize oxygen and neon, the nucleosynthetic processes are different and, in the case
of neon, a different isotope is produced. It is also possible that the analysis is incomplete
and that the real uncertainties are underestimated. In the case of fibre spectroscopy of
M33, emission from diffuse ionized gas may contaminate [O11] A3727 from its PNe.

Fig. 2 presents the observed distributions of [O 11] A3727 and [O 111] A5007 line in-
tensities relative to HG for bright PNe observed through slits and fibres. There is a
clear statistical difference between the distributions for both lines. In general, slit spec-
troscopy finds weaker [O 11] A3727 and stronger [O 111] A5007 line intensities than fibre
spectroscopy. This might be due to the difficulty of subtracting the diffuse ionized gas
that pervades the discs of spirals from the fibre spectroscopy, since this ionized gas has
strong [O 11] A3727 and weak [O 111] A5007 as compared with a typical PN spectrum.
This needs further study so that the difference may be understood.

A third concern is the uncertainty associated with chemical abundances. In the top
panel in Fig. 1, most of the data points that nominally fall below the primordial helium
abundance are compatible with this abundance, but some are not. Presumably, this im-
plies problems with the scheme to compute the total elemental abundance, likely the
ionization correction factor employed to convert the observed ionic abundances into a
total elemental abundance. It would be helpful to investigate what uncertainty the cor-
rection for unseen ionization stages introduces, for all elements. Delgado-Inglada et al.
(2015) provide a very helpful introduction to this problem.

Finally, the PNe in the disc of M31 make a very compelling case for paying close
attention to the history of the galactic host. As Kwitter et al. (2012), Balick et al.
(2013), and Corradi et al. (2015) argue, it appears that a substantial fraction of the
PNe observed in the outer disc of M31 were not formed there, but that their progenitors
were scattered to their current locations as a result of gravitational interactions between
M31 and M33. In M31, data exist for the resolved stellar content that leaves open this
possibility. In most other galaxies, such data do not exist. If the progenitor stars of bright
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PNe have masses of 2 Mg, they live long enough that they may feel the evolution of their
host galaxy, so it is important to keep this possibility in mind when interpreting results,
e.g., gradients in chemical abundances.

5. Conclusions

The chemical abundances in bright PNe in local spirals turn out to be somewhat less
varied than their counterparts in dwarf galaxies. Helium abundances are enriched by a
modest amount, usually less than 50% with respect to the primordial value. Nitrogen
abundances span a wider range of enrichments than models are able to accomodate
while preserving other abundance ratios, but type I PNe are rare. Oxygen and neon
abundances are very strongly correlated and closely follow the relation observed between
these elements in the interstellar medium in star-forming galaxies (Izotov et al. 2006).
Using models to interpret these results, we deduce that the progenitors of these bright
PNe have masses of about 2Mg or less, with the relation between oxygen and neon
abundances providing the strongest constraint. If so, the progenitor stars of bright PNe
in local spirals live long enough that they will reflect the history of their host galaxies,
including gravitational interactions with their neighbours. Indeed, ensembles of bright
PNe in local spirals should be good probes of both the evolution of their progenitor stars
and the recent history (1-2 Gyr) of their galactic hosts.
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