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ABSTRACT

We present an imaging atlas of the largest planetary nebulae (>8'), taken at Ha, [N 1], and [O m].
Using this data, we have developed a set of simple criteria for determining whether a planetary nebula
(PN) is indeed interacting with the interstellar medium (ISM). On this basis, we conclude that most in
our sample reveal significant interactions with the ISM. We discuss also how a large sample of ancient
planetary nebulae can be used to derive a filing factor for coronal gas in the ISM.

Subject headings: atlases — ISM: structure — planetary nebulae: general

1. INTRODUCTION

Planetary nebulae supply about 1 My of material per
year to the interstellar medium (ISM). While many studies
have investigated the early stages in the lives of planetary
nebulae, when they are young, bright, and rather symmetric
(e.g., Balick 1987; Frank & Mellema 1994; Mellema 1993),
little has been done on the late stages, when the nebulae
become significantly affected by the interstellar material
with which they will eventually merge. There is a severe
paucity of observational data; the pioneering analytical
work of Borkowski, Sarazin, & Soker (1990), for example,
was based predominantly on inspection of the Palomar Sky
Survey (PSS). For this reason, we have observed about 30
ancient planetary nebulae at Ha, [N 1], and [O m]. Early
results have been published on some of the objects else-
where (Tweedy & Kwitter 1994a, 1994b; Tweedy & Napi-
wotzki 1994), as well as a thorough investigation of the
closest planetary nebula, S216 .(Tweedy, Martos, &
Noriega-Crespo 1995).

Our main purpose here is to present the new data, but we
wish also to provoke theorists to give these objects serious
attention. In reviewing the H 1 in the Galaxy, Dickey &
Lockman (1990) commented that “The temperature varia-
tions of the interstellar medium are so dramatic, its pressure
structure so problematic, and its dynamics, hydrodynamics,
and/or magnetohydrodynamics are so intricate that it has
commanded the attention of several generations of the
finest theoretical astrophysicists.” We believe that the use of
ancient planetary nebulae to probe the ISM at known loca-
tions will enable significant progress to be made in address-
ing each of these issues. The reason is that not only are the
morphologies of these planetary nebulae significantly
affected by their surroundings, but so is the ionization struc-
ture. In Tweedy & Kwitter (1994a), it was suggested that
this ionization effect could be used to infer straightfor-
wardly the density of the surroundings; however, in the
study of S216, Tweedy et al. (1995) began to recognize that
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the ISM is rather complicated and may be dominated more
by its magnetic fields than by its density structure. We wish
to consider this situation further, while acknowledging that
there is no substitute for detailed numerical modeling.

2. OBSERVATIONS AND DATA REDUCTION

The observations reported here were taken on about 20
nights mostly between 1993 March and 1995 June at the
Burrell Schmidt telescope on Kitt Peak (see Table 1). This
telescope has a 36 inch primary mirror with a 24 inch cor-
rector, providing fast optics of f/3.5. Since 1989, it has been
equipped with a 2048 x 2048 CCD, on loan from the Space
Telescope Science Institute (STScI). The pixel size is 2705,
leading to a typical FWHM of ~4” for the stellar images.
There are two narrow bands of hot columns that have been
avoided, but apart from this the detector is cosmetically
well behaved. Five filters have been used for the obser-
vations reported in this paper, of which two ([O m] 15007
and [S m] A6725) are owned by the National Optical
Astronomy Observatories (NOAO), two (Ha and [N 1]
26584) are owned by K. B. Kwitter and one (also [O m]
A5007) was borrowed from B. Balick of the University of
Washington Astronomy Department (see Table 2 for the
filter characteristics). The data reduction was performed
using standard IRAF procedures. In most cases shown here,
single images were taken of each object, in two or three
filters. This was believed to be sufficient for the present
purposes: namely, to establish gross behavior associated
with the interaction of plantery nebulae with the interstellar
medium.

3. TARGET SELECTION

The primary source list was taken from Table 2 of
Borkowski et al. (1990). This was essentially a list of all
those nebulae known to have one axis larger than 8. A few
other nebulaec were also observed, whose selection was
rather idiosyncratic, and which are discussed separately.
Since the Borkowski et al. paper was published, a few other
ancient planetary nebulae have been identified: Table 3
below is therefore an updated list. Since the central stars are
so important for determining the distances to these objects
and their evolutionary ages, the currently determined
central star parameters are given in Table 4.
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TABLE 1
LoG OoF OBSERVATIONS
ExPosURE TIMEs (sec)

OBJECT NAME DATE Ha [N o] [O m] [S o]
AT oo, 1993 Oct 11 600 600
A21............ 1992 Oct 12 1200
A24............ 1994 Apr 20 600 600 600
A29............ 1994 Apr 20 600 600 600
A35............ 1994 Apr 19 600 600

1994 Apr 20 . 600
A74............ 1993 Sep 6 1200 1200

1993 Oct 14 1800
DHW 5....... 1995 Jun 6 1200 1200 1200 1200
EGB6 ........ 1994 Apr 7 600 600 600
HW4 .......... 1994 Nov 24 900

1994 Nov 26 900
wWi1....... 1994 Nov 24 1800 900 1800
W2 .......... 1993 Sep 7 1800 1800
Jacoby 1 ...... 1994 Apr 5 1800 1800 1200
MWP1....... 1993 Sep 5 1200 1200 1800
PWl.......... 1993 Oct 10 900 900

1993 Oct 11 900
S68 ............ 1995 Jun 1 900 900
S78 ceverennnnn. 1995 May 29 1800

1995 May 30 1800

1995 Jun 4 1800
S176........... 1993 Sep 5 1200

1993 Sep 6 1200 1200
S188........... 1993 Sep 7 1800 600 1800
WDHS 1...... 1993 Mar 16 600

1993 Oct 11 600 600

We used apparent diameter as an expedient method of
selection, but it is one that happens to be highly effective for
our current purposes. It may be objected that a planetary
nebula that is apparently large could be a young object
nearby, or an older one farther away. However, if the
central star characteristics in Table 4 are examined, it will
be seen that all those listed are close to becoming, or are
already, white dwarfs, thus testifying to their advanced age.
Therefore, the planetay nebulae with the largest apparent
sizes are both nearby and old. However, five of the total
sample of 27 are not interacting with the ISM, and of these,
three are found among the six smallest; we doubt whether
our expediency can be stretched much beyond our current
sample.

An important question remains unanswered, however:
how many of the identifiable ancient planetary nebulae
have actually been detected? Many in Table 3 were orig-
inally discovered on the Palomar Sky Survey (PSS) by the
Innsbruck group, led by R. Weinberger. However, the sensi-
tivity of the plates is known to vary substantially, and very
faint nebulae such as IW 1 and 2 would not have been
detected with plates of more normal sensitivity. Other
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methods have been used to detect faint nebulae, with several
searches having been done around known hot white dwarfs
(e.g., Kwitter et al. 1989; Motch, Werner, & Pakull 1993;
Tweedy & Kwitter 1994b; Jacoby & van de Steene 1995). It
is perhaps reassuring that the two brightest new nebulae
(MWP 1 and Jacoby 1) are strong emitters of [O m] 15007:
on the PSS blue plate, this wavelength had a sensitivity a
factor of 8 below the peak, whereas both Ha and [N 1]
occur at wavelengths close to the peak sensitivity of the red
plate. Both nebulae have exceptionally hot central stars.
Two other new nebulae are very faint arcs near two hot
H-rich white dwarfs, which are probably the oldest planet-
ary nebulae so far detected. Both were well below the limit
of the PSS.

4. CRITERIA FOR DETERMINING WHETHER A PN IS
INTERACTING WITH THE ISM

S216 is a classic example of the interaction of a PN with
the ISM, since it exhibits all the characteristics expected for
a fairly advanced interaction. In particular, the white dwarf
is substantially displaced with respect to the center of the
nebula, toward a region of enhanced emission which also
has a lower ionization level. However, the interaction
between a PN and the ISM will occur before the central star
is obviously displaced, so that it is desirable to be able to
identify these nebulae in which this is occurring.

We have argued elsewhere that the drop in the ionization
level in the interaction region is a crucial characteristic
(Tweedy & Kwitter 1994a). However, we have come to
realize that while this is a necessary consequence of the
interaction, it is not a sufficient criterion for identifying it. A
drop in ionization will take place when the nebula expands
beyond its Stromgren zone, which it will do even without an
interaction with the ISM to boost the recombination rate:
this was discussed for S216 in Tweedy et al. (1995) and is
exemplified nicely here by Abell 74, where the Ot * zone is
restricted to a region close to the central star. Second, a
similar drop may also occur in localized regions well within
the nebula. Such regions in younger nebulae include the
ansae; e.g., NGC 3242 and NGC 7662 (Balick et al. 1993);
and similar features are present in Abells 7 and 31. Abell 7 is
a particularly pertinent example: the images presented here
might in themselves be suggestive of localized patches of
PN-ISM interaction, but an astonishingly detailed [O m]
image produced by G. Jacoby shows a large halo of
material beyond these patches which must instead be
formed well within the nebula. Similar features do appear in
Abell 31, which does appear to be interacting with the ISM
as well.

The criteria that we have come up with so far are as

TABLE 2
FILTER CHARACTERISTICS
Peak Throughput
Wavelength at line FWHM
Filter A) (%) A Notes
Ha (KBK).....ocovenenenn 6563 48 19 0.1% at [N 0] 6584 A;
20% at [N 1] 6548 A
[N n] 46584 (KBK)...... 6588 46 20 5% at Ha
[O m] (NOAO) 5014 63 53
[O m] (BB) ...... 5016 76 60
[S o] NOAO)............ 6733 85 84 Same for 6717 and 6731 A
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TABLE 3
LARGE PLANETARY NEBULAE: AN UPDATED LisT
Galactic Angular Linear Figure Number
Coordinates Size Size ISM Morphological or Reference for
Name (PN G) (arcmin) (pc) Interaction? Class Images
S$216..cceninininnn. 158.6+00.7 100 x 100 3.0 x 3.0 Yes Ff Tweedy et al. 1995
RE 1738+665...... 96.9+32.0 ~ 60 ~ 40 Yes Cf Tweedy & Kwitter 1994b
Ton 320............. 191.4+33.1 ~ 30 ~40 Yes Cf Tweedy & Kwitter 1994b
WDHS 1 ........... 197.4—06.4 22 x 17 6.4 x 5.0 Yes S Fig. 1
PWil.ooooinono. 1589+17.8 20 x 20 19 %19 Yes Ff Fig. 2
NGC 7293.......... 036.1—57.1 18 x 18 1.6 x 1.6 Halo H Kwitter et al. 1996
Abell 31............. 219.1+312 17 x 16 7.6 x 1.1 Yes F Tweedy & Kwitter 1994a
W2 . i 107.7+07.8 16 x 14 69 x 6.1 Yes St Fig. 1
Abell 35............. 303.6+40.0 16 x 11 1.6 x 1.1 Yes Fig. 3
HFG1.............. 136.5+05.5 15x 15 1.5x 15 Yes F Heckathorn et al. 1982
Abell 74............. 072.7—-17.1 15 x 13 49 x 4.2 Yes F Fig. 4
NGC 6853.......... 060.8—03.6 15 x 12 1.5%x 1.2 Halo H Kwitter et al. 1996
Abell 7.............. 215.5—30.8 15 x 11 40 x 3.0 No Fig. 10
S174 ..o 120.3—183 15 x 10 2.0 x 1.2 Yes S Tweedy & Napiwotzki 1994
MWP1........... 80.8—10.6 13x9 53 x37 Yes B Fig. 5
W1, 149.7—03.3 13 x 13 1.8 x 1.8 Yes F Fig. 6
S176...ceveininnnn. 120.2—-05.3 13x 11 1.0 x 0.8 Yes Ff Fig. 6
EGB6 .............. 221.6+46.4 13 x 11 1.7x 1.5 Yes F Fig. 7
Abell 21............. 205.1+142 12x9 1.2 x 09 Yes Cf Fig. 8
Jacoby 1............ 85.4+46.4 11 x 11 32 x32 Yes F Fig. 7
ST8 eeeieieiiaianns 46.0+03.0 11 x9 45 x 3.7 Yes Ff Fig. 8
LTS5 .. 339.0+88.0 9x%x8 1.1 x 1.0 No Longmore & Trition 1980
HW4 ............... 149.0—09.0 9x9 1.0 x 1.0 Yes C Fig. 12
S188...cciiiiiinnens 128.0—04.1 9x8 1.5x 14 Yes Cf Fig. 9
DHWS5............. 111.0+11.6 9x%x9 12x12 Yes Cf Fig. 11
Abell 29............. 244.0+12.0 8x6 1.0 x 0.7 No Fig. 10
Abell 36............. 318.4+41.5 8x5 14 x 0.8 No
follows: These three taken together appear to be sufficient, and we

1. The outer regions of the nebulae are asymmetric;

2. There is a flux enhancement located at a distinct edge,
in the outer regions of the nebula;

3. Thisis accompanied by a drop in the ionization level.

have not come across a case in which such an edge occurs
without the corresponding ionization effect. All nebulae in
which we have observed distinct edges also reveal diffuse
edges, which are often downstream from the presumed
PN-ISM interaction.

TABLE 4
CENTRAL STAR CHARACTERISTICS

Name 14 T log g Distance z Class
S216..ccviiennnnnnn. 12.66 81,000 6.9 120 1.5 DAO
RE 1738+665...... 14.64 88,000 7.5 220 117 DA
Ton 320............. 15.82 70,000 Ni 440 240 DAO
WDHS 1 ........... 17.4 220,000 74 1000 —111 DA
PWil....ooon.. 15.3 62,000 70 320 98 DAO
NGC 7293.......... 13.43 107,000 7.0 300 —252 DAO
Abell 31............. 15.51 95,000 6.3 1530 800 DAO
IW2 i, 17.71 1490 202 DAO
Abell 35............. WD+G
HFG1.............. 14.5 PCB
Abell 74............. 17.11 66,000 7.0 1120 -330 DAO
NGC 6853.......... 13.94 99,000 6.8 370 —26 DAO
Abell 7 .............. 15.44 110,000 6.8 930 —476 DAO
S174...oeveienann, 14.74 64,000 6.8 520 —163 DAO+WD
MWPI1............. 13.16 150,000 6.5 1400 —257 PG 1159
W1 .. 16.56 480 —28 PG 1159
S176..ccveeenannnn 18.7 ... >2000 >185 sdO
EGB6 ...c......... 16.00 70,000 7.5 460 333 DAO
Abell 21............. 15.99 100,000 7.0 600 147 PG 1159
Jacoby 1............ 159 140,000 70 1000 724 PG 1159
ST8 et 17.7 100,000 70 1420 74 PG 1159
LTS oo, sd O+G
HW4 . ...l 17.0 400 —63 DAO
S188 ... 17.44 600 —42 DAO
DHWS............. 15.4 82,000 6.8 470 95 DAO
Abell 29............. 17.0 DAO
Abell 36............. sd O+G
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5. IS THE PN INTERACTING WITH ISM OR REMNANT
AGB MATERIAL?

Although we have hitherto assumed that it is the ISM
with which the PN is interacting, it is possible that this
interpretation is incorrect. If the red giant envelope was not
fully swept up by the time the fast wind from the central star
ceased, then the PN may be interacting with this instead.
There are a number of considerations that this is not the
case, at least for the majority of the nebulae considered here.
First, the models computed by Mellema (1993) suggest that
most of the asymptotic giant branch (AGB) material is
swept up after ~2000 years. Second, this scenario in iso-
lation cannot explain the asymmetries, the outer reaches of
AGB wind material tend to be more symmetrical than the
inner region in which the young PNe are formed (e.g., Plait
& Soker 1990; Soker 1994; Mellema 1993). Thus, the AGB
material itself must be interacting with the ISM. Third, the
asymmetries that are indicative of interaction with the ISM
are sharp edged, which implies a sharp drop in the density;
the nebula is thus density bounded, not ionization bounded.
Finally, the density beyond the edge must be extremely low,
otherwise it would also be lit up by the central star.

Nevertheless, one can think of circumstances in which red
giant wind material might play an important role. Central
stars of extremely high mass (>0.8 M) are likely candi-
dates for the wind to shut off even within 1000 years
(Blocker & Schonberner 1991). Only one of the central stars
considered here is a candidate for such a high mass:
although still rather uncertain, the mass of WDHS 1
appears to be in the region of 0.7-0.8 M . A curious
example is S174, which has a low-mass central star (Tweedy
& Napiwotzki 1994), which from observations of other
similar stars is expected to be a close binary white dwarf
(Holberg et al. 1995). Here the envelope of the red giant was
ejected before core He ignition could occur. In this case, the
system did not undergo a normal PN phase, so that what
appears as the nebula is probably just the unswept red giant
envelope.

6. NOTES TO THE TABLES AND ATLAS

Most of the columns in Table 3 (details of the planetary
nebulae) and Table 4 (information on the central stars) are
self-explanatory. The morphological classification scheme
in column (6) is described in § 7. Some of the images of the
nebulae have been published elsewhere, and tliese are indi-
cated by references in column (7). The effective tem-
peratures, surface gravities, and distances have all been
taken from the spectral analysis of the Kiel group: for the
DA and DAO stars, these are generally from Napiwotzki
(1993); for the H-poor PG 1159 stars, these are from
Werner (1993), and references therein.

Most of the central stars have been marked on the
figures, but the reader should be aware that not all the
images are usable as finder charts. In particular, although
the locations for those in IW 1 and S188 are marked cor-
rectly, in neither case is the star actually visible; this is
particularly confusing for IW 1 because the marks in the
figure appear to point directly to a star, which is actually
just a line-of-sight neighbor. The central star of S78 is also
blended with a neighbor. These points are addressed further
in§ 8.

Many of the images were taken in nonphotometric condi-
tions, so that no detailed attempt has been made to cali-

Vol. 107

brate the images displayed. However, where both [N 1] and
Ho images show the nebula clearly, they have been placed
on a common intensity scale, so that a qualitative feel for
the relative strengths can be obtained.

7. EXPLANATION OF CODE FOR APPEARANCE OF PNe
INTERACTING WITH ISM

A short code has been given for the appearance of those
nebulae that are interacting with the ISM. No designation
is therefore given to those like Abell 29 and LT 5, which do
not appear to be interacting. It is assumed tacitly that all
nebulae interacting with the ISM show an asymmetric
enhancement somewhere, with an accompanying ionization
drop, so we make no attempt to record this in the code.

1. B type, which indicates a bipolar morphology, occurs
in only one nebula, MWP 1. About 10% of younger nebulae
are bipolar, so this group is expected to be small.

2. The F type has been given to those nebulae that
appear to be uniformly filled, such as Abells 31 and 74. This
is inferred in general when there is an [O m1] zone present,
but which is considerably smaller than the nebula in Ha.

3. H types are those in which the interaction takes place
only in detached halos, and not in the main nebula (e.g.,
NGC 6853, NGC 7293).

4. The S types are thick shells. This grouping is some-
what unsatisfactory, since the two examples given this
designation are very different. WDHS 1 appears as an ellip-
tical ring, whereas IW 2 is very filamentary and appears to
be a shell rather than filled because there appears to be
almost no emission between the filaments. Interestingly,
neither nebula reveals [O m] emission, a situation which
can only be explained if the nebulae are indeed thick shells:
the central zones often reveal quite strong [O m], but
dilution is sufficient to reduce the flux to about 1% of Ha at
the outer edge.

5. C types are those that appear crescent shaped. They
are often also filamentary (see below), like S188 and DHW
5. This grouping contains the most extreme example of the
PN-ISM interaction, in which the intrinsic morphology of
the nebula has been destroyed by the interaction.

6. The letter fis a qualifer to the types given above, in all
cases in which filaments are a dominant part of the mor-
phology. Thus, it has been given for those like S188, but not
MWP 1, in which there is some filamentary structure in one
of the quadrants, but it is not a dominant feature.

8. NOTES ON THE INDIVIDUAL NEBULAE

Figures 1-15 (Plates 48-62) show images of most of the
nebulae discussed here.

8.1. Planetary Nebulae Larger than 8

Abell 7—Of those planetary nebulae that do not interact
with the ISM, this is the largest. There are a number of
asymmetric enhancements that reveal a sharp drop in ion-
ization, none of which appear on the perimeter of the
nebula. Although these could be interaction features that
happen to lie on the face of the nebula, an Ha image
obtained at the KPNO 4 m by G. H. Jacoby (1995, personal
communication) has convinced us that these are embedded
within the nebula and are not due to the ISM. The images
in Figure 10 are smoothed with a 5 x 5 box (equivalent to
1073 x 10%3) for ease of presentation.

Abell 21.—This one-sided nebula, whose central star is
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PLATE 48

Fic. 1.—WDHS 1 and IW 2. As with all the subsequent figures, north is to the top and east is to the left. The filters used are labeled in the figures
themselves. The He image of WDHS 1 has been smoothed with a 10 x 10 box for ease of presentation (equivalent to 2076 x 20"6).

TweeDy & KWITTER (see 107, 258)
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FiG. 2—PW 1. The [O n1] image has been smoothed with a 10 x 10 box (equivalent to 2076 x 20”6)

TWwEEDY & KWITTER (see 107, 258)
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Fig. 3.—A35

TWEEDY & KWITTER (see 107, 258)
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