
The Planetary Nebula Image Catalogue (PNIC)Bru
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k1Astronomy Department, University of Washington, Seattle W 98195 USAbali
k�astro.washington.eduSummary. The �Planetary Nebula Image Catalogue� (PNIC) 
ontaining more than720 CCD images of more than 620 di�erent planetary nebulae (�PNe�) is now avail-able in the WWW at www.astro.washington.edu/bali
k/PNIC. Images have been
ulled from many sour
es, in
luding the published journals, various publi
 web sitesand ar
hives, and o

asionally dire
tly from authors. Ea
h image 
ontains appro-priate attribution, referen
es (if available in 2006), names, equatorial and gala
ti

oordinates, �lters, and other information embedded in the JPEG �les that 
on-tain the image. Whenever possible the images are presented as two or three-
oloroverlays. The 
atalog is organized both in alphabeti
al order of 
ommon name andby gala
ti
 
oordinates using the SIMBAD 
onvention. A downloadable, sortablespreadsheet of morphologi
al information for ea
h target is linked to the web site.The highlights of the morphologi
al study are presented. Additional HST images ofPNe and protoPNe will soon be added to the 
atalogue.Key words: planetary nebulae image 
atalog1 Catalogues of Images of Planetary NebulaeCatalogues of planetary nebulae (�PNe�) have been of invaluable assistan
e in study-ing their attributes, 
orrelating their properties, planning observations, and simplyorganizing vast amounts of empiri
al information 
olle
ted over many years [6℄ (alongwith six updates published intermittently) was the �rst major 
ompilation, followedmore re
ently by [1℄ and [3℄. These and many other useful 
atalogues are availableon line from VizieR.Catalogues of high-quality images of PNe and protoPNe are a di�erent matter.Many ex
ellent images have appeared in the literature over the past de
ade. Severalvery useful but limited imaging surveys appeared in the 1990s (e.g., [7℄, [4℄ & [2℄)using narrowband �lters and high-�delity dete
tors. These typi
ally in
luded 50 to100 targets ea
h. Meanwhile many papers appear annually 
ontaining images of oneor two obje
ts at a time. I have endeavored to assemble a 
atalogue where the imagesof any well-observed PN 
an be easily retrieved.
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kAt this point in time I have downloaded over 720 images of images of more than620 di�erent PNe available from 
atalogues available on line, from various publi
ar
hives and web pages, and o

asionally from private sour
es (with permission).The images in this 
olle
tion are presented with a more-or-less uniform format with
ommon and standard PNG names, a

urate positions, image tagging information,attribution, referen
es and sour
es, and other useful information. Where possible Ishow the logarithm of the intensity so that faint outer stru
tures will appear andtheir relationship to the 
ore will be 
lear. The entire 
ompilation is 
alled the �Plan-etary Nebula Image Catalogue�, or �PNIC�. The 
olle
tion is posted atwww.astro.washington.edu/bali
k/PNIC.(Ultimately the 
atalogue will be moved to a new web site maintained by the CDS.)Links to the images are listed both by their most 
ommon name and by their stan-dard "PNG", or gala
ti
 
oordinates. The PNG 
oordinates are espe
ially useful for
ross referen
ing the obje
ts most other 
atalogues su
h as SIMBAD. The imageof any obje
t 
an be readily lo
ated using the ��nd� 
ommand in all modern webbrowsers.In many 
ases PNe have intri
ate, high-surfa
e-brightness inner stru
tures as wellas large, faint halos. Wide-�eld images of the same obje
t are posted if one imageisn't adequate for displaying all of these features. These images 
an be identi�edfrom the in
lusion of �halo� or �wide� in their names. HST images are also in
ludedwhen it is easy to do so. Many Hubble Spa
e Teles
ope (�HST�) images are in
luded.These 
ontain �hst� in their image names.I have taken the opportunity to dedi
ate this 
atalogue to Donald E. Osterbro
k(1924-2007) who was a pioneer in the study of PNe and their kinemati
s starting inthe 1950s until be
oming the Dire
tor of the Li
k Observatory. Osterbro
k was mymentor at the start of my 
areer and a wonderful 
olleague for the past 33 years.2 Morphologi
al Classi�
ation of Planetary NebulaeOn
e ∼700 images were added I undertook a new morphologi
al 
lassi�
ation study.This has turned out to be parti
ularly produ
tive owing to the size of the sample.Chara
teristi
s that may on
e has seemed singular in frequen
y have often turnedup in several obje
ts in this sample, and some better ways of de�ning patterns ofshapes have emerged. Therefore, I have slightly expanded the basi
 morphologi
al
lasses that have been in 
ommon use (round, ellipti
al, and bipolar). I tried not tobe guided by modern theoreti
al ideas of the evolution of PNe; however, there is noway to entirely purge su
h bias given my long involvement in this �eld.The revised 
lassi�
ation s
heme is des
ribed next. For the sake of maintaining
ontinuity and minimizing 
onfusion, the new s
heme builds on standard s
hemes in
ommon use. However, two previous 
ategories, �ellipti
al� and �bipolar�, has beenextended and modi�ed so that the new morphology s
heme is more orderly and
omprehensive than its prede
essor.2.1 Core Morphology: The Primary Morphology DesignatorThe 
ornerstone of the new s
heme builds on the geometri
 properties of PNe thatthe shortest image that un
overs nebulosity will reveal. This philosophy will help to
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lassi�
ations will be universal (but see the 
aveats below). In pra
ti
e,PNe reveal a 
ontinuity of shapes. Therefore, as in past s
hemes, there are no sharplyde�ned boundaries to separate the 
lasses sin
e this would be arti�
ial. Ea
h PN inthe 
atalogue is assigned to one and only one of the primary designators.Round. PNe in this 
lass hove 
ores that show a round boundary with an elongationless than about 10%.Closed Ellipti
al. This is the analogue of the more 
lassi
al designation of �Ellip-ti
al�. However, it di�ers in one respe
t: the outline of the 
ore must be 
losed; i.e.,without any large gaps. Most PNe presently known to have extended x-ray emissionare members of this morphology 
lass. The x rays lie within the boundaries of the
losed 
ore.Open Ellipti
al. With a large sample it has be
ome 
lear that many PNe have
ores that are basi
ally ellipti
al along their minor axes, but they exhibit openingsat opposite ends of the 
ore along the major axis. Another useful term for this
lass is �barrel�, as exempli�ed by a standard wood wine storage 
ontainer withrounded sides. Lobes often extrude from the openings of the barrel, some of themlong and well formed, and others stubby in appearan
e. Some PNe with pairs oflobes previously designated as �bipolar� are assigned to this 
lass. A good exampleis NGC 6886.Pin
hed Waist. This is a rough analogue of the 
lassi
al �extreme bipolar� shape.In this 
ase a pair of lobes usually extends from ea
h end of a small bright hourglass-shaped 
ore. However, in short exposures, it is the tapered, or �hourglass-shaped�waist whi
h appears sin
e the lobes have mu
h lower surfa
e brightnesses.If a PN has multiple sets of lobes it usually has pin
hed waist as well. Mz3,Hen 2-104, and Hen 3-320 are examples of PNe with two sets of lobes with pin
hedwaists lying long a 
ommon symmetry axis. M 1-37, M 2-46, NGC 2440, and Hen2-47 are outstanding examples of PNe with several pairs of lobes lying along multiplesymmetry axes and a pin
hed waist. (However, NGC 7026, 7027, and IC 4634 showmultiple pairs of lobes that emanate from an open ellipti
al 
ore.)Disk. This is a new primary morphologi
al 
lass. Some PNe show have a 
ore
onsisting of a bright ring or disk with a large gap between the edge of the 
ore andthe 
entral star. Often lobes extend along the ring's symmetry axis, su
h as Hen2-47, K 3-28, Mz1, and NGC 6309. A few PNe, su
h as Hen 2-120, Hf 4, and SuWt3, exhibit only a disk or torus with no tra
es of any other stru
tures. These PNe
ould not be a

ommodated in previous morphologi
al 
lasses.Two additional 
lasses must be added for the sake of 
ompleteness: Poorly resolvedPNe are too small to be 
lassi�able with reasonable 
ertainty. Complex PNe arejust that: they are too messy or too amorphous to be 
lassi�ed using the 
lassi�
ation
riteria adopted.Caveats. Two limitations in 
lassifying the bright 
ores of PNe must be emphasized.One is that better spatial resolution often reveals stru
tures in the 
ore that aresimply not obvious otherwise. For example, many new HST images have for
edmorphology 
hanges during the 
ourse of assembling this 
atalogue. Also, the shapesof the 
ores may depend on the emission line used for the 
lassi�
ation. Many PNelook startlingly di�erent in [NII℄, on the one hand, and Hα and [OIII℄, on the other.I have made every e�ort to 
lassify PNe in Hα or, when it isn't available, an emissionline arising in the largest or most representative volume of the 
ore.
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k3 Additional Morphologi
al FeaturesAs noted above, ea
h PN is assigned a 
ore 
lassi�
ation based the shape of the
ore (or more pre
isely, the shape of its outline). However, deep exposures revealan array of additional shapes and larger features. This mandates the use of ex-tra, or �se
ondary� des
riptors. Any PN may have none, one, or more than oneof these se
ondary stru
tural des
riptors added to its primary morphologi
al 
lass.The se
ondary des
riptors fall into three brad groups, �overall symmetry�, �extendedfeatures�, and �small-s
ale stru
tures�.Overall Symmetry. The overall symmetry of PNe is preponderately axisymmetri
.In relatively rare 
ases the overall symmetry may be multisymmetri
 or �S� orpoint symmetri
. A spe
ial 
ase of 
onsiderable interest is orthogonal symme-try. Multisymmetri
 PNe appear to have two or multiple sets of lobes, ea
h lyingalong a di�erent symmetry axis. PNe with �S� symmetry have similar stru
tures ondiametri
ally opposite sides of the nu
leus. The orthogonal 
lass refers to axisym-metri
 nebulae whi
h has an additional, often mu
h fainter and amorphous featurewhi
h is extended along their minor axes so that the ensemble resembles a �+�.Extended Features. Deep exposures often reveal faint, relatively smooth, well-de�ned stru
tures extending well beyond the nebular 
ore. Shells are the most
ommon of these. Shells surround open or 
losed ellipti
al 
ores and invariably sharetheir symmetry. Their surfa
es are amorphous, their brightness falls approximatelylinearly with radius, and they are bounded by sharp outer edges. Shells are neverseen in pin
hed-waist or disk-like 
ores.Lobes are generally oval in shape if they are 
losed, or else their walls proje
tonto the sky with �V� shapes if they are open. Halos surround some 
ores andtheir shells. They have lower surfa
e brightnesses than 
ores and shells, and moreturn up as images go deeper. Halos are invariably round in proje
tion on the skyand edge-brightened, this suggesting that they are thin spheri
al bubbles. Like shells,halos are often amorphous; however, halos o

asionally exhibit knotty leading edges.Halos are often single, but they 
an also be found in large sets of a dozen or more
on
entri
 rings�su
h as those in NGC 6543�or sets of round ring segments asseen in CRL 2688 and NGC 7027. A spe
ial sub
lass of round halos resemble bow-waves that en
apsulate the 
ore and all its asso
iated stru
tures. These are alwayslimb-brightened, espe
ially at the apex of the bow.Small-s
ale stru
tures. Small knots and �laments are fairly 
ommon in the
ores and surroundings of ellipti
al and pin
hed-waist PNe. It is not un
ommon forknots to 
ome in one or more pairs, ea
h with its symmetry axis in a di�erent orien-tation. For example, NGC 5189 and 5307 have three distin
t pairs of knots on equaland opposite sides of the 
entral star. The knots often have a lower ionization statethan the gas that surrounds them; for example the knots may appear bright in N+and O+ lines whereas lines of O++ dominate the emission from their surroundings.Other types of regular and sometimes striking arrangements of small-s
ale fea-tures are possible. There are three or possibly four PNe when a series of low-ionization knots resembles a ne
kla
e along the boundary of the 
ore. Of these,NGC 6751 is the best example. Often the knots resemble short spikes. In a few
ases, su
h as Pe 1-17 and NGC 2452, the spikes 
ome in one or more symmet-ri
 pairs, but more often the spikes are lo
ated irregularly near the perimeter ofthe 
ore. NGC 2392 has dozens of su
h low-ionization spikes in the shell extending
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ore. There are many examples of PNe whose 
ores 
ontain �lamentaryfeatures, sometimes �o

ulent (NGC 5882 and 6818) and sometimes tangled (NGC1501). Thin jets are rarely seen in PNe, and when they are, they 
onne
t to the tipsof an ellipti
al 
ore rather than dire
tly to the nu
leus. NGC 7009 and 7354 havesu
h jets.4 Statisti
al Frequen
y of FeaturesStatisti
s of the frequen
y of various morphologi
al features are of interest. Butexamining the sele
tion bias is of paramount importan
e before the statisti
s 
anmake mu
h sense. Most previous studies have been based on surveys using ex
ellentdete
tors, but whose sample sele
tion 
an easily introdu
e many biases. For example,
ameras used for imaging have a limited �eld of view, so there is a tenden
y tosele
t obje
ts that will �t onto a frame. Samples are almost always biased towardsobje
ts of high �ux or surfa
e brightness , or those of low or high ionization, orthose visible from a parti
ular observatory in a few nights of time, or 
ombinationsof these sele
tion 
riteria. Thus PNe with very large, low-surfa
e-brightnesses andthose that are distant, faint, or hidden by gala
ti
 dust are surely under-representedin almost all samples.In the present 
ase, the ∼620 obje
ts are drawn from various surveys and papersor one or a few obje
ts, so the sele
tion bias is the sum of many others. Moreover,a distan
e-sele
ted sample is impra
ti
al sin
e distan
e un
ertainties are very large.For all of these reasons I am unable to gauge the extent of sele
tion bias in deter-mining the statisti
al frequen
y of various stru
tures. The frequen
y statisti
s arereported without further 
omment.Basi
 Core Morphology. The relative frequen
ies of round, 
losed ellipti
al, openellipti
al, pin
hed waist, and disk 
ores in PNe are 13% (81 obje
ts), 27% (168obje
ts), 22% (136 obje
ts), 6% (40 obje
ts), and 7% (45 obje
ts), respe
tively. Ofthe remaining 148 PNe, 11% have 
omplex or amorphous stru
tures, and 13% arepoorly resolved. (N.B.: New HST observations invariably 
hange the 
lassi�
ationof obje
ts that are poorly resolved from the ground.) [5℄ �nd that the frequen
y ofround, ellipti
al, and bipolar nebulae are 22%, 58%, and 17%, respe
tively, of all
lassi�able PNe in their 
omplete sample. If I adopt their designation and ex
ludepoorly resolved and amorphous PNe, as they did, then the 
orresponding valuesbased on the PNIC images are 17%, 65%, and 19%, respe
tively. The disagreementis minor. Small di�eren
es in the 
lass de�nitions along with subje
tive sele
tion
hoi
es in marginal are partially to blame for the dis
repan
y.In the remaining dis
ussions I shall ex
lude all poorly resolved,amorphous and
omplex PNe from the sample.Overall Core Symmetry. The frequen
ies of multisymmetri
, point symmetri
,and orthogonal symmetries are 10% (47 obje
ts), 7% (32), and 6% (29), respe
tively.In their study, [4℄ �nd 3% of PNe are quadrupolar (analogous to my �multisymmet-ri
� 
lass) and that 4% have point symmetry.Extended Features. The frequen
ies of PNe with lobes, shells, round halos, andhalos with bow-wave outer boundaries are 35% (165 obje
ts), 26% (121), 10% (45),and 3% (13), respe
tively. The fra
tion of PNe with lobes in this study is far higherthan in previous ones. This is partly the result of the in
reasing numbers of images
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ktaken with very sensitive dete
tors that enable faint, extended stru
tures to beseparated from sky ba
kground and dete
tor readout noise. Some of the di�eren
eis the result of systemati
ally displaying the images logarithmi
ally, whi
h oftenreveals lobes that are di�
ult to see otherwise. This will be dis
ussed more fully inan up
oming publi
ation.Small-s
ale stru
tures. The frequen
ies of PNe with symmetri
 arrangements ofknots is 13% (61 obje
ts). In most 
ases the knots 
ome in symmetri
 pairs 
alled�ansae�, or in pairs of 
on�ned groups of 
losely spa
ed knots. In other 
ases theknots are distributed throughout the 
ore or in the shells adja
ent to the 
ores.Spikes are found in 4% of the sample (19 obje
ts). The 
ores and shells of 12%(57) of the sample have knotty edges. Another 4% (19 obje
ts) show [N II℄ emissionsurrounding their 
ores and shells, suggesting that they may be fully ionizationbounded (IC 418 is an example). If this is 
orre
t then mu
h or most of the stellarphotons that 
an ionize hydrogen es
ape into the halos or beyond of 96% of the allPNe.Finally, 16% (77 obje
ts) of the sample has �laments or �o

ulent stru
ture inthe 
ore or shell. An inspe
tion of the asso
iated images suggests that in about halfof the 
ases, the �laments are mu
h like disorganized wrinkles or sinewy �laments ofdusty, low ionization gas on the surfa
e of a dense 
ore-shell interfa
e. Rings seem tobe �imprinted� on the edges of the lobes of pin
hed-waist nebula are seen in MyCn18,Hubble 12, Hen 2-104, possibly Hubble 5, and a handful of other obje
ts.5 Con
lusionsI have assembled images of 620 PNe of widely varying quality from published sur-veys, papers, and publi
 web sites with a publi
 interfa
e atwww.astro.washington.edu/bali
k/PNIC .The 
atalogue serves as a valuable referen
e for observers and for theoreti
al studiesof stru
tural features and a useful 
omplement to lists of positions, spe
tros
opi
data, and other information of PNe found in existing 
atalogues. The entries havebeen assigned morphology designations that indi
ate their most 
ommon features.With a sample as large as this one we 
an realisti
ally distinguish between stru
-tural anomalies and 
ommon features, and to de�ne new 
lasses a

ordingly. Wehave separated the 
lassi
al designation �ellipti
al� into open and 
losed 
ategories,depending on whether the ellipti
al boundaries of the 
ore exhibit symmetri
 pro-trusions or openings along the ellipses' major axis. A few obje
ts previously 
alled�bipolar� but without bulbous waists are now re
lassi�ed as �open ellipses with lobepairs�. Other former bipolars have 
ores with pin
hed waists. We prefer the term"pin
hed waist" for these obje
ts in order to di�erentiate them from the others withellipti
al 
ores. We have added a new 
ore morphology 
lass, �disk�, to identify PNewhose 
ores are really disk-like (with or without additional lobes). This and othernew 
lasses will be des
ribed in a forth
oming paper.Three undergraduate students at U.W. and I are in the �nal stages of addingadditional images to PNIC from the HST ar
hives. We have systemati
ally down-loaded every image of a PN from the HST ar
hives as of late 2006 that we 
ouldidentify from keywords in this database. All of those images in whi
h the nebulae



PN Image Catalogue 25are larger than ≈ 0.”1 will be in
luded. There are approximately 100 images of PNeand 50 images of protoPNe in this sample.
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