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Outline

(a) Surveys for planetary nebulae in other galaxies, PN
luminosity functions and intracluster PNe
(b) Detailed studies of planetary nebulae in other galaxies,
particularly Magellanic Cloud PNe

Sanduleak, MacConnell & Philip (PASP, 90, 621, 1978)
provided confirmations and accurate positions for 28 SMC and
102 LMC planetary nebulae.
SMC: 18 PNe from Henize (1956), 7 from Lindsay (1961) and
3 from their own objective prism survey.
LMC: 59 from Henize (1956), 21 from Lindsay & Mullan
(1963) and 22 from SMP objective prism survey.

Sanduleak, MacConnell
& Philip (1978):
Distribution of 102
LMC planetary nebulae

The low extinctions to
the LMC and SMC
means that virtually all
nebulae present can be
detected down to the
intrinsic brightness limit
of a survey.
The low reddening also
makes them well suited
to study in the
ultraviolet.

Ford et al. (1973) detected 26 PNe in the dwarf elliptical companion galaxies to
M31; NGC 185, NGC 205 and NGC 221, via filter imaging in [OIII] and Halpha.
Ford & Jenner (1975) followed up with deeper observations of NGC 221 (=M32),
detecting 21 PNe in its field. 3 of the 14 PNe with observed radial velocities
belonged to M31, the rest to NGC 221 (200 km/s difference between the two).

A deep narrowband filter survey
by Jacoby (1980)
led to the detection
of 53 new SMC
and LMC PNe in
selected fields and
the derivation of a
PN luminosity
function reaching
six magnitudes
below the brightest.

Ciardullo et al. (1989a) detected 429 PNe in
the bulge of M31, of which 104 were in the
first 2.5 mags of its PNLF. Steep turnover at
high L’s interpreted as due to sharp cutoff to
upper mass limit of PN central stars.

Ciardullo, Jacoby & Ford (1989b) detected 249 PNe in three Leo I early type galaxies:
NGC 3377 (E6), NGC 3379 (E0) and NGC 3384 (S0). All had similar PN [O III]
luminosity functions, indistinguishable from those observed in the spiral galaxies M31
and M81. The invariance with galaxy type and metallicity demonstrated the PNLF to be
an excellent standard candle. Model simulations indicated a central star mass
distribution highly peaked at ~0.6 Msun, similar to that of nearby white dwarfs.

PNe are now routinely used
to study the internal
dynamics and mass
distributions of both early
and late type galaxies, e.g.
Arnaboldi et al. (1998) have
measured the rotation curve
and velocity dispersions
along two axes of the early
type galaxy NGC 1316
(Fornax A) from RV
measurements of 43 PNe.
The total galactic mass inside
16 kpc radius was derived to
be 2.9x1011 solar masses.

Mendez et al. (1997) detected 535
PNe in the elliptical NGC 4697
using filter images and slitless
spectra. The former gave the [OIII]
PNLF. The latter gave RV’s for
531 of the PNe, allowing an
accurate M/L ratio to be derived for
the galaxy.

Planetary nebulae in the intracluster regions of galaxy clusters
Arnaboldi et al. (1996) measured velocities for 19 PNe in the outer regions of the giant
elliptical galaxy NGC 4406, in the southern Virgo extension region. Although this
galaxy has an RV of -227 km/s, three of the PNe had RV’s close to 1400 km/s, the
mean RV of the Virgo cluster. It was concluded that they were intracluster PNe.
Theuns & Warren (1997) discovered ten PN candidates in the Fornax cluster, in fields
well away from any Fornax galaxy - consistent with tidal stripping of cluster galaxies.
They estimated that intracluster stars could account for up to 40% of all the stars in the
Fornax cluster.
Mendez et al. (1997) surveyed a 50 arcmin2 area near the centre of the Virgo cluster,
detecting 11 PN candidates. They estimated about 4x109 solar masses in their survey
area and that such a population could account for up to 50% of the total stellar mass in
the Virgo cluster.

Feldmeier et al. (1998)
detected intracluster PNe in
several Virgo Cluster fields.
Comparison with the
normalised M87 PNLF
shows an excess at the
bright end, attributed to
intracluster PNe.

Magrini et al.
(2003) have
surveyed a number
of Local Group
dwarf galaxies for
PNe. They found
that the number of
PN per unit stellar
luminosity appears
to decline steeply
for metallicities
below 0.1 solar.

Walsh et al. (1999)
obtained spectra of
five PNe in NGC
5128 (Cen A) using
the 3.5m NTT. They
derived a surprisingly
low mean oxygen
abundance that was
0.3 dex below the
mean for Milky Way
PNe.

Magellanic Cloud PNe are bright enough that Dopita et al. (1988) were
able to obtain echelle spectra of them with 11.5 km/s resolution, using
1.0m and 2.3m telescopes. The nebulae were spatially unresolved from
the ground but asymmetric velocity profiles indicate non-spherically
symmetric nebulae. Vexp (OII) was found to exceed Vexp (OIII) on
average. The radial velocities were used by Meatheringham et al. to
conduct a dynamical study of the PN population in the LMC.

Monk et al. (1988) analysed 3.9m AAT spectra of 21 SMC and 50 LMC PNe. They
found that the PN and HII region abundances of oxygen and neon agreed within the
same galaxy but that the PN nitrogen was enhanced by 0.9 dex in the SMC and LMC.
Interpreted as due to CN cycle processing of almost all of the original carbon into
nitrogen at the time of the first dredge-up. This process appears to have operated much
more efficiently in the metal-poor Clouds than in the Galaxy, in agreement with theory.

Meatheringham & Dopita (1991a, b) obtained
optical spectra of 73 LMC and SMC PNe.
Dopita & Meatheringham (1991a, b) applied a
grid of photoionization models to derive nebular
abundances and central star effective
temperatures and luminosities. Some results are
illustrated above.

H-burning evolutionary tracks.

The HST era
The first spatially
resolved images of
Magellanic Cloud PNe
were published by
Blades et al. (1992), who
presented pre-COSTAR
FOC [OIII] 5007A
images, with 50 milliarcsec resolution, of two
SMC and one LMC PN.
The LMC nebula,
WS35=N66, was
unusual, showing
multiple lobes and a
bright central star.

In a series of papers, Dopita, Vassiliadis and collaborators published mainly WFPC and
WFPC-2 images obtained over several cycles, mainly pre-COSTAR, while Stanghellini
et al. (1999) published pre-COSTAR (and some post-COSTAR) FOC images.
From Stanghellini
et al. (1999) Æ
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Vassiliadis et al. (1996) and Dopita et al. (1996)
presented HST FOS UV spectra and photoionization
models of the combined UV+optical spectra of 10
LMC PNe. Central star Teff’s and luminosities were
derived, with a star being classed as a H-burner or a
He-burner according to which evolutionary track gave
an age in agreement with the nebular expansion age.

Shaw et al. (2001) have presented STIS
images for 29 LMC PNe, obtained as part of
an HST Snapshot survey. The overall HST
sample of 60 LMC PNe shows a much
higher incidence of non-symmetric nebulae
than do Galactic PN samples.

Stanghellini et al.
(2002) presented STIS
slitless spectra of the 29
LMC PNe, while
Stanghellini et al.
(2003) presented STIS
images and slitless
spectra for 27 SMC
PNe.

From Hamann et al.
(2003)
Æ
LMC N66(=WS35)

Pena et al. found that the central star of LMC N66
was much brighter at UV wavelengths than in 1983.
Since then it has been monitored closely, reaching
maximum brightness in 1994 and reaching a fainter
level by 2000 than in 1983. Since 1994 its optical
and UV spectrum has been that of a WN star, the
only known case amongst PN nuclei. Hamann et al.
(2003) have suggested that its nucleus may be a
WD accreting matter from a companion and could
be the precursor to a Type Ia supernova.
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