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.ukSummary. We are 
urrently undertaking a systemati
 sear
h of new Gala
ti
 plan-etary nebulae (PNe) in the IPHAS (INT Photometri
 H-Alpha Survey) data. Weemploy two methods to sear
h for PNe of di�erent sizes: a visual sear
h through
ontinuum subtra
ted r'�Hα mosai
s for extended PNe and a (point) sour
e 
ata-log based sear
h for small diameter PNe. We have 
ompleted the sear
h at the RA= 18-20h region of the northern Gala
ti
 Plane and found a total of 389 obje
ts,in
luding 100 known PNe in that area. Here we present a morphologi
al study forthe 133 new 
andidate PNe for whi
h the available images allow this study to be
arried out.Key words: planetary nebulae, morphology1 Introdu
tion1.1 IPHAS surveyIPHAS is 
urrently mapping 1800 degrees2 of the Northern Gala
ti
 Plane (a bandbetween b= �5 to +5 degrees) in three �lters using the INT Wide Field Cameraat the Observatorio del Roque de los Mu
ha
hos (La Palma, Spain). The survey isan international 
ollaboration of 15 institutes led by J. Drew at Imperial College(London, UK). IPHAS observing started in August 2003 and will be 
ompleted bythe end of the 2007, with an estimated total of 30 observing weeks (mostly brightnights). A narrow-band Hα and two Sloan �lters (r' and i') are used for mat
hed120, 30, and 10 s exposures, respe
tively, spanning the magnitude range r'=13 to 20mag for point sour
es. Ea
h IPHAS �eld is observed twi
e at two 
losely overlappedpointings. IPHAS is the �rst fully-photometri
 Hα survey of the Gala
ti
 Plane.It will dis
over many thousands of new emission-line stars, in
luding young stars
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.), evolved stars (post-AGB, LBVs, et
.) as well asbinaries (CVs, symbioti
 stars, et
.), in addition to extended nebulae su
h as PNe,H-H obje
ts, H ii regions, SN remnants, et
. More information about the survey 
anbe found in [2℄ and on the o�
ial survey website, http://www.iphas.org/.1.2 Planetary nebulae and IPHASAs shown in the Fig. 1, there is a 
lear la
k of PNe dete
tions in the Gala
ti
 Plane.This is expe
ted 
onsidering the amount of extin
tion at the plane and the 
onfusionwith other obje
ts in this 
rowded region. An immediate pre
ursor of IPHAS and aprompt for the need of a northern survey is the Anglo-Australian Observatory UKS
hmidt Teles
ope (UKST) narrow-band Hα survey of the Southern Gala
ti
 Planeand Magellani
 
louds. The full des
ription of this survey 
an be found in [5℄. Thesurvey was 
ompleted in 2003 and dis
overed about 1000 new PNe in the southernGala
ti
 Plane. IPHAS is expe
ted to �nd about the same amount of northern planenebulae.

Fig. 1. Numbers of known disk PNe binned by Gala
ti
 latitude. The image isadapted from [7℄.2 Sear
h te
hniquesWe are 
urrently 
ondu
ting a systemati
 sear
h for new PNe from IPHAS data. Weuse two sear
h te
hniques: visual sear
h to �nd extended PNe and semi-automati
te
hnique to �nd 
ompa
t/small PNe.
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hThe extended PNe are sear
hed visually from IPHAS mosai
s. We use two pixelbinning values: 15′′ × 15′′ to �nd extended and/or faint nebulae and 5′′ × 5′′ forintermediate sized nebulae. Results from the two methods overlap making the sear
hmore 
omplete.2.2 Small/
ompa
t PNe sear
hThe 
ompa
t/small nebulae are sear
hed automati
ally from the IPHAS 
atalogs.Fig. 2 presents the lo
i of known PNe in the IPHAS two-
olor diagram. Only thosenebulae whi
h had good magnitude measurements available for the whole nebula, orfor the 
entral parts (i.e. in general 
ompa
t/small PNe) are in
luded in the graphi
.Presented are also the theoreti
al tra
ks for main sequen
e stars (see [2℄). The PNeo

upy the region from r' - Hα=1 to 3 and are ni
ely separated from the stellarlo
us in this diagram. So, the �rst 
riteria for PN 
andidate sele
tion is that theyshould show an Hα ex
ess similar to the known PNe. The 
ut shown as solid linein Fig. 2 (r' - Hα ≥ 0.25(r' - i') + 0.55) is sele
ted to ex
lude the normal (mainsequen
e and giant) stars, to in
lude the area where all the known planetaries arelo
ated, and to be roughly parallel to the reddening ve
tor.From the sele
ted obje
ts those being too 
lose to the borders of the CCDs orto areas of bad pixels are �ltered out, as well as those whi
h are not 
lassi�ed asstars or nebular obje
ts. We also require that the obje
t must be dete
ted at least inHα and r' �lter and at least twi
e in both �lters. To get rid of the faintest obje
ts,where the quality of the IPHAS photometry de
reases, we require the obje
ts to bebrighter than 19.5 magnitudes in Hα.So far, we have 
ompleted the area between RA = 18-20h. After the automati
sele
tion des
ribed above we were still left with 56314 obje
ts in this area. Of theseabout 90% are opti
al binaries whi
h are not resolved in Hα but in r' yes, and thus
ause a dete
tion of an �Hα emitting� obje
t. A separate algorithm was developedto get rid of these 
ontaminants. The �nal sele
tion was made visually, inspe
tingthe IPHAS images, in the following way: at the part of the diagram where most ofthe known PNe are 
on
entrated, all the obje
ts were studied, and at an area below,whi
h still in
ludes some known PNe, only the brightest Hα emitters were sele
ted(m(Hα) ≤ 17.5), the 
uts used are shown as dashed lines in Fig. 3. The area 
losestto the main sequen
e tra
ks whi
h does not in
lude any known PNe was omitted.The semi-automated small/
ompa
t PN sear
h presented here overlaps with thepreviously presented visual sear
hes. So, our PN sear
h is 
omplete up to the limitingmagnitude of IPHAS.3 Sear
h resultsSo far we have 
ompleted the PN sear
h at the IPHAS 18-20h region for all thethree sear
h methods des
ribed above. A small fra
tion (∼ 5%) of this area of thesky has not been observed by IPHAS yet, and these �elds will be studied in thefuture. Combining our three sear
h methods, we sele
ted a total of 389 obje
ts, ofwhi
h 100 were known PNe and the rest, 289 new 
andidate PNe. Of the 
andidate
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Fig. 2. The known PNe in the IPHAS two-
olor diagram (�lled 
ir
les). Shown arealso the syntheti
 tra
ks for main sequen
e stars with di�erent reddenings [2℄. Thestraight solid line is the �rst 
ut made to sear
h for 
ompa
t PNe 
andidates and thedashed lines show the 
uts used in the �nal (visual) 
andidate sele
tion (see text).PNe 37 are unresolved or barely resolved (size around 1′′) and 119 present 'un
lear'morphology meaning that we either 
an not say what the morphology is from theexisting images or we 
annot be 
onvin
ed about the genuine PN nature of theobje
t before a spe
tros
opi
 study. For the remaining 133 obje
ts we 
arried out apreliminary morphologi
al 
lassi�
ation.4 Morphology of the IPHAS 
andidate PNe4.1 Introdu
tion to PN morphologyPNe present various morphologies: ellipti
al, bipolar, point-symmetri
, irregular,stellar, et
. [6℄. There is not yet available any standard 
lassi�
ation s
heme andthe 
lasses used are author dependent. There is observational eviden
e that the PNmorphology is 
onne
ted to its 
hemi
al abundan
es so that for example bipolarnebulae are overabundant in He and N [1℄. With respe
t to Gala
ti
 distribution,
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ti
 latitude of the PNe in
reases from bipolars toellipti
als and to rounds. Also the 
entral star properties are related to the mor-phology so that bipolar nebulae have more massive progenitor stars [1℄. All thesefa
ts should be explained theoreti
ally. So, the PN morphology study 
onstraintsthe theories.

Fig. 3. Examples of di�erent morphologies of IPHAS 
andidate PNe. From topright to down left: round, ellipti
al, bipolar and irregular PN 
andidate. The imagessizes are 1′ × 1′, North is up and East is to the left.4.2 Properties of the IPHAS sample in the RA 18-20h regionOur sample in
ludes 133 
andidate PNe in the Northern Gala
ti
 Plane. Being just
andidates, there exists the possibility that some of the obje
ts might not be genuinePNe. However, 
onsidering the fa
t that we have dis
arded the unresolved/barely
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andidates as well as 
andidates with less 'PN-like' morphology, we 
anassume the sample to be quite 
lean. Before IPHAS, these obje
ts have es
apedfrom dete
tion, often due their faintness. So, in general our sample represents a lowsurfa
e brightness PNe population in the Gala
ti
 Plane.4.3 The 
andidate PN 
lassi�
ationWe 
lassi�ed our sample of 133 PN 
andidates based on their IPHAS Hα images into�ve morphologi
al 
lasses: round, ellipti
al, bipolar, point-symmetri
, and irregular.We did not 
onsider the stellar-like obje
ts for this study as before spe
tros
opi

on�rmation the danger of '
ontamination' by emission line stars is high. We foundthat the majority, 46%, of them are rounds, 20% ellipti
als, 20% irregulars, 14%bipolars, and none turned out to be point-symmetri
. We 
ompared �rst our resultwith the morphologi
al study of 359 southern PNe by [1℄. They do not separate roundand ellipti
al PNe, thus we also 
ombined these two groups. The result is shownin Table 1. The per
entage values of di�erent morphologi
al groups in these twostudies are almost identi
al. This is somehow surprising 
onsidering that our sampleis 
on
entrated on the Gala
ti
 Plane (where most of the bipolars are expe
ted tobe found) while the sample of [1℄ in
ludes PNe from all southern Gala
ti
 latitudes.Se
ond, we 
ompare our results with those from [4℄. They divide their sample of 255northern PNe in only three groups: round, ellipti
al, and bipolar, and we 
omparedtheir 
lassi�
ation with our 
orresponding sample (106 
andidate PNe). The resultsare shown in Table 2. The per
entage of round PNe is 
learly higher in our studyas 
ompared to [4℄ results. So, it seems that we are �nding a new, round, faint PNpopulation in the Gala
ti
 Plane.Table 1. Comparison between the morphologi
al 
lassi�
ation of our 
andidate PNeand the 
lassi�
ation of a sample of southern PNe by [1℄.ellipti
al bipolar irregular point-symmetri
our study 66% 14% 20% 0%Corradi & S
hwarz 64% 14% 18% 4%Table 2. As in 1 for a sample of Gala
ti
 Plane PNe by [4℄.round ellipti
al bipolarour study 58% 25% 17%Man
hado et al. 28% 59% 13%
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ussionFrom our preliminary morphologi
al study of 
andidate PNe in the RA 18-20h regionof the Gala
ti
 Plane we 
an derive two main 
on
lusions: 1) the relative amountof bipolar PNe is not higher in our Gala
ti
 Plane sample (of generally faint PNe)as 
ompared to the sample of [1℄ in
luding PNe at a wide latitude range. 2) Theamount of round PNe is 
learly higher in our (faint PN) sample than in a Gala
ti
Plane sample of [4℄.As a matter of fa
t [8℄ argues that most of the faint undete
ted PNe wouldbe spheri
al. Our results support this idea. However, to dire
tly 
ompare with [8℄predi
tions, a PN should be 
onsidered as spheri
al only if both its outer and innerstru
tures are spheri
al. In our study (as in [3℄) if the inner stru
ture is visible, theouter stru
ture de�nes the shape. However, in most of our faint spheri
al 
andidatePNe, there is no inner stru
ture visible.However, before deriving �rm 
on
lusions, some 
aution should be taken. Themorphologi
al 
lassi�
ations in the studies 
ompared here are made visually andfrom images taken with di�erent instruments, observing 
onditions, �lters, et
. Vi-sual inspe
tion is always subje
tive and the PN appearan
e 
an vary at di�erentwavelengths and with the deepness of the image. As a �rst step, to make the 
om-parison IPHAS (faint) PNe � known PNe more robust, the 
lassi�
ation of the knownGala
ti
 Plane PNe should be redone using the IPHAS images, and then 
omparedto the new PN 
andidate sample. This is left for a future work.Referen
es1. Corradi, R. L. M. & S
hwarz, H. E.: A&A, 293, 871 (1995)2. Drew, J. E., et al.: MNRAS, 362, 753 (2005)3. Man
hado, A., Guerrero, M., Stanghellini, L., & Serra-Ri
art, M.: The IACMorphologi
al Catalog of Northern Gala
ti
 Planetary Nebulae (Tenerife: IAC1996)4. Man
hado, A., Villaver E., Stanghellini, L., Guerrero, M. A.: The Morphologi
aland Stru
tural Classi�
ation of Planetary Nebulae. In: Asymmetri
al PlanetaryNebulae II: From Origins to Mi
rostru
tures, ASP Conferen
e Series (2000), vol199, ed by Kastner, J. H., Soker, N., Rappaport, S., pp 17�235. Parker, Q. A., et al.: MNRAS, 362, 689 (2005)6. S
hwarz, H. E., Corradi, R. L. M., Stanghellini L.: Hα Morphologi
al Classi�-
ation of Planetary Nebulae. In: Planetary nebulae, IAU Symp. (1992), vol 155,eds. Weinberger, R. & A
ker, A., p 2147. Shiode, J., Clemens, D. P., Janes, K. A., & Pinni
k, A.: Planetary Nebulae inour Galaxy and Beyond, 234, 509 (2000)8. Soker, N. & Subag, E.: AJ, 130, 2717 (2000)


