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ABSTRACT
IR Planetary nebula luminosity functions (PNLFs) are presented for a set of 523 PNe in the LMC and are fitted to the universal
functional form to determine cut-off magnitudes. The absolute [OIII] magnitude corresponding to the sharp PNLF cut-off is among the
best standard candles for cosmology. IR PNLFs could potentially offer a similar fiduciary at the distances of dusty IR galaxies. We
investigate the nature of objects that are found to be brighter than these cut-offs. They may represent PNe with high-core mass nuclei
deeply obscured by dust within the nebulae. Our multiwavelength study also seeks IR counterparts to PN Hα halos to augment PN
masses by halo gas and by their dust masses and to derive an independent initial−final mass relation in combination with other data.

The infrared data sets and PNLFs
Spitzer SAGE Legacy IR data and 2MASS enable LMC planetary nebula (PNe) to be
studied at 9 wavelengths from 1.2 to 70µm. Of the 700 PNe known largely from
recent discoveries by Reid & Parker (2006) and observed by SAGE, 523 are detected
by 2MASS/IRAC/MIPS. We display IR PNLFs in 8 bands (Fig.1). These should be
compared with the new [OIII] LF presented by Reid & Parker at this meeting, based
on 583 PNe. We adopted the "universal" functional form of the [OIII] LF (Jacoby
1989) because the 5007Å line is a major coolant, that emits 10% of a central star’s
luminosity and closely tracks its evolving UV radiation. UV serves as a proxy for all
energy that powers PN IR emission mechanisms.

Cut-off magnitudes
Dynamic ranges of the IR LFs between cut-off magnitude and completeness limits
are from 4 to 7 mag. Table 1 tallies for each wavelength the scale factors of the LF
that best fits the IR data, the cut-off magnitude, how many PNe contribute to each
LF, and the number of objects brighter than the cut-off. Hora et al. (2008) analyzed
SAGE data for 185 bright LMC PNe known prior to the Reid-Parker sample and
found 6 nebulae that are brighter than the IR cut-offs. If these were bona fide PNe
they might have had high core-mass progenitors and now suffer strong internal dust
extinction that dims the observed fluxes of optical emission lines (Ciardullo &
Jacoby 1999) and may even render them invisible in [OIII]. However, that dust
would emit in the IR, offering a way to recognize PNe with high core-mass stars.

Fig.1: IR Luminosity Functions for LMC PNe

PNLF scale factors

PNLF scale factors vary with wavelength. The similarities within groups (see
Table 1, col.3) suggest a common dominant mechanism characterizes the IR
emission in each regime, e.g. H recombination lines at JHK and 3.6µm; H2 lines
at 4.5µm; PAH bands at 5.8 and 8.0µm. Note the large jump in LF scale at 24µm
where thermal dust continuum is most likely to dominate. The broadband nature
of 24-µm emission, distinct from the lines and bands at other wavelengths, may
account for the much poorer fit to the universal LF shape. The depressions in the
LFs for 5.8 and 8.0µm at magnitudes of 11 and 10 respectively might represent IR
analogs of “Jacoby dips”. These sparsely occupied regions in a PNLF are
attributed to populations in which central star evolution proceeds very rapidly
(Jacoby & de Marco 2002).

AGB halos

We are searching for resolved IR matches to known AGB Hα halos especially
those uncovered by Reid & Parker (2006). If dust emission dominates a PN or its
halo one can calculate the mass of emitting dust from its color temperature and
grain properties. Combining PN and halo dust masses with Gemini/VLT optical
spectra of ~30 PN central stars, their shells and halos will provide an unrivaled
sample of PNe for which we will derive masses of total ejecta and stellar cores to
define an independent initial−final mass relation.

SAGE detects AGB halos in the LMC

The AGB halo around SMP27 was detected by HST (Shaw et al.2001) (Fig.2) and
confirmed by Reid & Parker (2006). Fig 3 shows RP105 and its bright halo.

Fig.2 SMP27 and its optical and IR arcuate halo
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Left to right: 1200″x900″ HST image of the central star and the north
arc of this halo; similarly scaled confirmatory image (Hα:blue,
SR:red); halo is well seen in a 60″x60″4.5-µm image; 60″x60″false
color image in 3 IRAC bands from which one can deduce that both the
PN and the brightest halo region likely emit in the PAH bands.

Fig.3 PN RP105 and its large optical and IR halo

Data bins 0.75mag; dashed vertical lines are estimated completeness
limits. Solid curves are scaled universal functions with least squares
cut-offs. Too few PNe were detected at 70µm to analyze its LF.

Table 1: attributes of the IR PNLFs
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Left to right; 3.6 and 8.0µm emission contours overlaid on the Hα
image of RP105, a 12″ PN with an AGB halo.The IRAC halo is bright. It
is much larger at 8.0µm than at either 3.6µm or Hα.

Conclusions
Our large PN sample reveals 12 different objects past the cut-offs of which only 7
exceed the cut-off magnitude in more than one band. Table 2 lists these candidates
and gives their bolometric luminosities assessed from 1.2 to 24 or 70µm. Only two
survive as true PNe after removing objects contaminated by nearby stars or found to
be late-type, symbiotic Mira, or post-AGB stars, or VLE nebulae. Further study of
these two PNe continues.

Table 2: Objects brighter than the cut-offs in
at least twoIR bands

IR PNLFs appear promising, with IR analogs of the bright end cutoffs observed in optical emission lines. Two objects that seem to be
true PNe are brighter than the sharp LF cut-offs at several
wavelengths. These may represent internally dusty PNe whose
progenitors were more massive than typical PN central stars.
There is potential for PNLFs to yield IR standard candles which
might be accessible to greater cosmological distances with JWST.
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