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Abstract. We searched for planetary nebulae (PNe) in thend determine their physical properties. In Sect. 2 we presentthe
nearby spiral galaxy M33 using the Wide Field Camera at tiobservation and data reduction. Sect. 3 contains the analysis of
2.54 m Isaac Newton Telescope of La Palma (Spain). Imagista. The classification of the detected emission line objects
in the [O 111] nebular line at\ 5007, in the Ho+[N 11] lines according to their size and line ratios is done in Sect. 4. With
around 656@, and in the continuum around 555@llowed us the candidates PNe we construct their luminosity function and
to detect a large number of emission line objects. Among thedgtermine the distance of M33 (Sect. 4). Conclusions are given
134 candidate PNe have been selected. In addition, we foundb3ect. 5.

emission-line objects which have a non-negligible continuum

emission, and for this reason they have been conservatively dis-

carded from the group of candidate PNe. We have derived the PN i )

luminosity function. It agrees very well with that of galaxies iif- OPservations and data reduction

the Local Group. The resulting distance to M3848 +90 kpc, Al images were taken in a single night (November 11, 1998)
in excellent agreement with the value obtained using Cepheigsing the Wide Field Camera (WFC) at the prime focus of the
2.54 m Isaac Newton Telescope (INT) of the Observatorio del
Key words: ISM: planetary nebulae: general — galaxies: indroque de los Muchachos in the island of La Palma (Spain). The
vidual: M33 — galaxies: ISM seeing was’L5 in the first half of the night and’an the second
one. The WFC has a panoramic detector consisting of four EEV
CCD2048 x 4096 pixels each, i.e. a total 8.55 x 10° pixels.
1. Introduction The pixel size projects td'033 in the sky. The whole CCD array

covers a field of view of about4’ x 34’, while an additional
Extragalactic planetary nebulae (PNe) are known.in aImostgltD 2048 x 2048 is used for guiding. The arrangement of
galaxies of the Local Group. Most of them were discovered jRe four rectangular CCDs makes the geometry of the field of
the last decade by means of continuum-subtracted images inffagy as shown in Figl1. The emission-line filters used have the
bright nebular line of [G1] at 5007A (Ciardullo et al. 1989 fojiowing central wavelengths and full widths at half maximum
Jacoby 1989). M33, one of the two other Iarge spiral gaIaxigsWHM): 5008/100A ([O 111]) and 6568/954 (Ha+[N 1))
of the Local Group besides the Milky Way, is to our knowledge also used a Simgreny filter as a continuum filter, centred
the only major nearby galaxy which has not been searched jgi55504 and covering a spectral region where there are no
PNe yet. We aimed to fill up this gap taking advantage of néong nebular emission lines. Almost the whole galaxy was
observational capabilities offered by a wide field camera whigfyserved by centering the CCD array in two different positions
has recently become operational at the Isaac Newton te"ascﬂf&ignated with A and B) in such a way as to have at each
of La Palma. [Ou1], Ha and continuum images, following theposition also a galaxy-free region to be used for sky subtraction.
procedure described in Jacoby (1989), allowed us to detect J34ach telescope position and for each filter, we obtained three
candidate PNe in M33 and a large number of other emissiPRages with successive offsets of 2 order to fill the gaps
line objects (mostly HIl regions). In this paper we report OBetween the CCDs and remove CCD defects. The approximate
the discovery of these PNe, describe the selection criteria gightre of each telescope positioning and the exposure times are
the properties of these objects. Future work is planned to stu;ﬂyen in Tabledl. The night was photometric and we obtained
spectroscopically the individual candidates, confirm their natugg,eral exposures of the emission-line standard PN PNG 205.8-

Send offprint requests td. Perinotto (mariop@arcetri.astro.it) 26.7 (Dopita & Hua _1997)' ) )
* Based on observations obtained at the 2.5m INT telescope op- |he data were bias subtracted and flat-fielded in a standard

erated on the island of La Palma by the Isaac Newton Group in th&Y using IRAF. Allimages were aligned to a reference image,

Spanish Observatorio del Roque de Los Muchachos of the Institutog#recting for geometrical distortion. Images in the same filter
Astrofisica de Canarias. were then averaged so that bad pixels and cosmic rays were




714 Magrini et al.: A search for planetary nebulae in M33

FieldB M33 (840 kpc, Freedman et al. 1991), dorresponds to 4 pc

FigldA 777777777 : and therefore we do not expect to resolve any PN.

2 ! For this reason, any extended emission region in our images

| was considered to be an HIl region or a SN remnant. Candidate

----- S PNe were consequently selected among emission-line objects

| | which are not spatially resolved. We found 197 objects of this

: | kind, i.e. which have positive emission in thefid and/or in the
4 , 1 ! Ha+[N 11] subtracted images, and with a spatial FWHM within
| :
! |
! |

30 of the mean value computed using many field stars. Among
them, 63 sources have a non-negligible continuum emission, i.e.
the signal in the continuum filter at the position of the object is
enhanced compared to its surroundings. Negligible continuum
is expected from a PN, unless the central star is very luminous
Fig. 1. The geometrical configuration of the 4 CCDs in the WFC angr has a bright companion or a foreground/background star of
the relative position of the two telescope pointings (fields A and B)33 projects at the same position as the PN. Conservatively
used in the present observations. we have excluded these 63 objects and considered as bona fide
candidate PNe the remaining 134 objects listed in Table 2.

22'5
w
N
'_\

Table 1. Log of the observations. [O 111] and Ha+[N 11] line fluxes were measured using AP-
PHOT in the subtracted images, with photometric apertures
Object  R.A.(2000.0) DEC  Exp.(sec) Filter three times the FWHMs. Errors in the fluxes were estimated
M33A 013400 305300 3003 Ha considering both photometric errors, given by Poissonian statis-
M33A 013400 305300 3003 [O] tic on background and source photons and by the detector noise,
M33A 013400 305300 2003  Stom.Y and the scattering between fluxes of the same objects measured

M33B 013337 302400 3003 Ho
M33B 013337 302400 3003 [O 111]
M33B 013337 302400 2003 Strom. Y

in two different images. Photometric errors vary between few
percents for the brightest objects to about2for the fainter
ones, while systematic errors are of aboWt fr [O 1] and
about 15¢ for Ha+[N 11].

removed. Sky background, parameterized by a constant, wasAn astrometric solution was computed for each frame, us-
subtracted. We present in Fig. 2 our {3} image of M33. ing the positions of bright stars in M33 given in the National
Geographic Society-Palomar Observatory Sky survey. The ac-
curacy of the coordinates of the 134 candidate PNe, which are
listed in Table 2, is of about”l Their location within M33 is
[0 1m1] and Ha+[N 11] emission-line objects were selected indicated by+'s in Fig.[2.
our images in the following way. We first computed the scale In Table 3, we list the 63 compact emission-line objects
factors to be multiplied to the continuum images in order With non-negligible continuum, together with their measured
subtract the stellar background of M33 from the [@ and [O III] and |‘b+[N II] fluxes. Since no absolute calibration for
Ha+[N 11] frames. That was done by dividing the fluxes in théhe StomgrenY” filter was available, the contribution of the
continuum of a large number of stars of M33 by those in tH@ntinuum relative to [Qu] was estimated by measuring the
emission-line filters. The stars were automatically selected itensities of sources in the scaleddtigrenY” frames. With
ing DAOPHOT. The scaled continuum image was then Suwle present data, it is difficult to say whether these emission-
tracted from the [Q11] and Ha+[N 11] images. The scale factor!ine object are compact HIl regions, Be stars, symbiotic stars,
resulted to be around 0.7 for the correction of the continuum¥olf-Rayet stars, LBVs, etc. Further spectroscopic studies are
both the [Or11] and Ha+[N 11] frames. This procedure removedieeded to clarify their nature.
the stellar background and isolated emission-line objects, es-
sentially HII regions and PNe. Note that the continuum filte¥. Discussion
we used has a central wavelength which is relatively far fro
that of the emission-line filters (especially for thevHN 11]
one). As a consequence, a small fraction of stars, with spectathe distance of M33, low-excitation PNe can be misidentified
energy distributions significantly different from “typical” starswvith compact Hll regions.
of M33 used to compute the scale factors, are not perfectly sWde used theR=1([O n1])/I(Ha+[N 11]) line ratio to estimate
tracted. However, since they usually appear as “holes” eithettire possible contamination of HIl regions in our sample of can-
the [O11] or Ha+[N 11] subtracted image, they can be easilgidate PNe. The distribution d@? for the 127 objects in Table 2
distinguished from genuine emission-line objects. in which both the [Q11] and Ha+[N 11] fluxes have been mea-
The typical size of a galactic PN is of some tenths of a parsgared is shown in the upper box of Hifj. 3. In the lower box, we
(cf. Peimbert 1990), while evolved PNe have been found wisihow for comparison the distribution of 808 Galactic PNe whose
sizes of up to 4 pc (e.g. Corradi et al. 1997). At the distance fhiixes are quoted in the Strasbourg-ESO Catalogue of Galactic

3. Data analysis

41. Contamination with compact Hll regions
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. 4

Fig. 2. The [O111] image of M33 obtained at the INT telescope with the Wide Field Camera. North is at the top, East to the left” Shmbols
indicate the location of the candidate PNe. Small horizontal bars are artefacts.
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Table 2. PN candidates found in M33. Fluxes ireH[N 11] and in [O111] are in units of 10'° erg cn? s~*. [O 1] magnitudes and their
adopted, individual errors, are indicated in the last two columns.

id R.A. (20000) Dec. F[Ha] F[o 1] ™[O 1] err id R.A. (20000) Dec. F[Ha] F[O 1] ™M[o 111 err
1 13226.2 302543 — 0.7 24.15 0.20 57 13343.2 305940 1.9 0.9 23.87 0.21
2 132375 302349 4.2 59 2183 0.07 58 13343.6 30490 15 22 2290 0.10
3 13239.6 303741 2.4 4.1 2223 0.08 59 13344.1 302026 3.3 10.2 21.24 0.07
4 13242.7 301238 1.1 2.8 22.64 0.09 60 13346.1 302656 1.4 34 2243 0.09
5 13243.7 302153 9.1 6.3 21.76 0.08 61 13346.7 301732 2.8 10.1 21.25 0.06
6 13244.2 304323 0.3 0.7 24.15 0.20 62 13349.1 303546 1.6 6.5 21.73 0.08
7 13249.1 30516 2.2 7.7 2154 0.08 63 13350.2 301421 2.9 9.2 21.35 0.07
8 13249.2 302551 114 10.1 21.25 0.06 64 13350.6 301845 1.7 0.3 25.07 042
9 132529 304154 1.0 3.0 2257 0.09 65 13350.8 30324 10.1 56 21.89 0.09
10 132539 303731 3.2 - - - 66 13351.1 303711 13.2 1.2 2356 0.17
11 13256.2 301357 1.5 34 2243 0.09 67 13352.6 301653 4.3 10.1 21.25 0.06
12 13256.6 303226 2.0 05 2451 0.30 68 133531 303736 11.3 12.8 20.99 0.06
13 13257.2 30944 2.9 8.6 21.42 0.07 69 13355.0 30363 7.8 6.2 21.78 0.08
14 132595 302735 0.2 3.8 2231 0.09 70 13355.1 303742 17.3 0.8 24.00 0.31
15 13313 301015 2.8 24 2281 0.10 71 133556 30161 1.0 0.7 24.15 0.21
16 13319 301528 1.0 1.0 2376 0.16 72 13357.0 30548 3.3 9.6 21.30 0.06
17 13376 305421 3.1 104 21.22 0.06 73 133579 303645 4.4 45 22.13 0.08
18 13391 30316 3.0 14.2 20.88 0.06 74 13360.0 304028 - 7.1 21.63 0.08
19 13398 301353 1.1 0.9 23.87 0.21 75 13414 305022 4.4 125 21.02 0.06
20 13310.2 302911 5.8 0.6 2431 0.29 76 13423 305036 0.6 16 2325 0.12
21 13311.0 302115 1.7 05 2451 0.28 77 13427 302326 - 0.8 24.00 0.18
22 13314.7 304037 1.4 6.1 21.80 0.07 78 13427 30587 27.6 10.1 21.25 0.06
23 133133 302238 14.2 3.3 2246 0.09 79 13436 303914 5.4 7.8 2153 0.08
24 133149 303048 1.8 2.7 22.68 0.10 80 13437 305235 1.2 3.0 2257 0.13
25 133156 301751 0.4 04 2475 041 81 1346.7 31029 - 1.0 2376 0.21
26 13317.4 302958 2.0 1.8 2312 0.12 82 13469 303912 4.2 8.6 2142 0.07
27 133194 301231 0.7 1.6 2325 0.15 83 1347.2 304817 7.4 43 2218 0.08
28 13319.6 302939 2.9 13.9 20.90 0.06 84 13475 303956 8.2 3.7 2234 0.10
29 133200 30301 6.4 2.8 2264 0.13 85 13496 30491 2.7 1.6 2325 0.15
30 13320.7 31644 0.7 24 2281 0.10 86 1349.7 31742 2.9 2.1 2295 0.10
31 133217 30419 35 56 21.89 0.09 87 134122 30399 17.8 0.2 2551 0.99
32 133219 303656 1.2 1.4 2339 0.15 88 13412.6 304425 1.5 1.1 2366 0.15
33 133235 301334 1.1 29 2260 0.11 89 13413.2 31825 2.2 5.7 2187 0.09
34 13324.2 303847 1.2 1.5 2332 0.14 90 134136 304711 2.8 19 23.06 0.11
35 133244 304255 3.6 3.3 2246 0.09 91 13413.8 302236 4.9 16.3 20.73 0.06
36 133245 301611 0.9 1.3 2348 0.16 92 134142 30177 2.4 3.4 2243 0.09
37 13328.0 304047 4.7 21 2295 0.10 93 134155 302455 3.1 74 2159 0.07
38 13328.0 303553 2.1 1.6 2325 0.12 94 134156 303146 3.1 8.8 2140 0.07
39 13328.0 303746 0.6 4.2 2220 0.09 95 13416.1 304530 5.5 9.1 21.36 0.07
40 13329.0 303426 1.7 4.2 2220 0.09 96 13416.2 303217 3.1 11.9 21.07 0.06
41 13329.2 304138 0.7 1.7 2318 0.19 97 134185 305827 1.5 4.7 22.08 0.08
42 133322 302820 4.7 12.7 21.00 0.06 98 13420.2 305120 2.8 1.1 2366 0.15
43 13332.7 302642 3.0 3.2 2250 0.09 99 134204 301653 0.9 1.8 2312 0.12
44 133339 303921 4.0 0.7 2415 021 100 134229 305929 0.4 0.6 2431 0.29
45 133343 303032 35 3.2 2250 0.09 101 13423.3 302756 4.1 114 21.12 0.06
46 13336.9 302633 4.0 9.2 2135 0.06 102 134233 31757 1.0 0.6 2431 0.29
47 13338.3 304452 2.3 0.3 25.07 0.56 103 13425.2 303940 3.9 28 22.64 0.13
48 13338.6 303139 6.0 1.7 2318 0.19 104 13425.7 304012 4.8 7.7 2154 0.07
49 13338.9 304232 2.4 51 2199 0.09 105 134276 30416 - 45 2213 0.09
50 13339.6 305543 0.9 0.8 24.00 0.21 106 134283 304329 1.8 0.9 23.87 0.16
51 13339.9 303260 0.7 3.5 2240 0.08 107 134295 3172 0.8 35 2240 0.09
52 13340.5 304050 - 0.6 2431 0.29 108 134303 31531 2.5 32 2250 0.11
53 13341.7 303726 111 1.2 2356 0.16 109 13430.6 303827 3.6 42 22220 0.10
54 133425 303737 25 7.0 21.65 0.08 110 13432.1 303934 2.8 27 22,68 0.11

55 133429 30818 55 - - - 111 134344 30406 4.5 8.6 21.42 0.07
56 133429 30540 13 35 2240 0.08 112 13434.6 303820 2.7 35 2240 0.08
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Table 2. (continued) L A B

20 |- 7 M33 (127 PNe) f
|d R.A. (20000) Dec. F[Ha] F[O 111 m[o 111) err 7 7
113 134354 304552 23 1.1 2366 0.15 o Z ]
114 13437.7 304323 17 24 2281 0.10 i 2%
115 13438.6 30453 0.6 0.3 25.07 0.6 ok A e o
L L A I A

116 13439.3 30422 1.7 - - -
117 134406 30523 3.9 1.8 2312 0.16

Galaxy (808 PNe)

number of objects

118 134406 303917 12 49 2203 0.08 100 |- 7777 ]
119 134407 304456 16 84 2145 0.07 ; 7 ]
120 134417 31620 2.8 28 2264 013 50 F 7 ]
121 134420 305646 14 32 2250 0.09 i ]
122 134427 304457 65 107 2119 0.6 0= : 4 %ﬁ: m———
123 134447 304453 34 31 2253 0.09 (011] (- [NI1]) lux ratio

124 134449 304929 6.9 39 2228 0.10
125 134471 30416 7.5 8.2 21.48 0.07
126 134474 304229 1.9 3.3 2246 0.09
127 134474 305928 144 28 2264 0.13

Fig. 3. Histograms of theR for PNe in M33 and in the Galaxy.

128 134476 31521 4.2 12.4 21.03 0.06 tic background emission and the presence of large complexes
129 134484 30406 0.7 06 2431 0.29 of HIl regions. Faint PNe can be missed because of the bright
130 13450.2 304452 10.0 9.3 2134 007 background of the inner disc, bulge and spiral arms of M33. The
131 134515 305925 29 02 2551 095 bulge of M33 is small, having a characteristic de Vaucouleurs’

132 134518 303715 7.5 34 2243 0.09
133 1355.2 304355 4.7 09 2387 021
134 1356.2 304625 6.9 6.4 2174 0.08

radiusr. (defined as the radius within which half the total light
is emitted) of 110 arcsec (Baggett et al. 1998). Even at much
shorter distances from the centre, however, the light from the
disc of M33 dominates the galaxy background emission, with
PNe (Acker et al. 1992). The two distributions are very simits tight spiral-arm design highly populated by HIl regions. To
lar for R > 1, as expected since HIl regions have generallyavoid this high background and crowded region, we rejected
lower excitation class than PNe. In the sample of M33 therefiem the study of the PNLF the 6 candidate PNe closer than
an excess of objects witR < 1 as compared to the Galaxy, in-180 arcsec from the centre of M33. We also conservatively low-
dicating possible contamination by compact Hll regions. Sineged the limiting magnitude to 22.6 mag, slightly more luminous
the percentage fraction of PNe with< 1 inthe Galaxyis 2% than the point at which our observational PNLF turns down in-
while it raises to 3% in the sample of M33, assuming that thalicating incompleteness. This magnitude corresponds to a S/N
distributions ofR are the same in the Galaxy and in M33, wef about 20.
expect that around 15 objects in Table 2 could be in fact HIl Usingthe luminosity parameters for M33 derived by Baggett
regions. etal. (1998) by means of bulge-disc decomposition of its bright-
ness profile, we expect that the total luminodity, of the re-
gion of M33 used to build our PNLF comes from the disc. From
that, adopting the specific planetary luminosity density for M31
In recent years it has been shown that the PNLF is a good éRiardullo et al. 1989), we estimate a total of about 180 objects
tragalactic secondary distance indicator (Jacoby 1997). within 2.3 mag from the PNLF cutoff of about 20.3 mag. This
In order to build the PNLF, we have convertedii@ fluxes figure has to be compared with the 75 candidate PNe that we
into equivalent V-band magnitudes following Jacoby (1989):effectively detected in M33 within the adopted completeness
limit.
mio my = —2.5log Flo iy — 13.74. @) We applied the Eddington formula (Eddington 1913) to our
We have then estimated the completeness of our sampleddfa in order to correct for the effects of observational errors,
the 131 candidate PNe with measuredi{Qfluxes. We calcu- and fitthe resulting luminosity function for the complete sample
late the signal to noise ratio (S/N) for our candidates. Ciarduf® 75 PNe to the “universal” PNLF
et al. (1987) found a linear relationship between S/N and co 0.307(m) (1 _ 8(ma—m)y, @)
pleteness, putting the limit of completeness at-S18. This
would correspond in our frames to a limiting [@] magnitude In Eq. (2) m is the observed [Q11] magnitude from Eq. (1),
of about 23. andm, is the apparent magnitude of the PNLF cutoff of M31
We note a lack of PNe in the central zone and in the densé¥icoby 1989).
regions along the spiralarms. Thisis likely due to the high stellar This sample of 75 objects contains all candidate PNe within
background in the inner disc/bulge and to the presence of mahg established completeness limits regardless of fReatio,
giant HIl regions in the spiral arms, which make difficult tesince we already noticed that a substantial number of PNe are
detect PNe. Another effect causing incompleteness is the galalsserved in the Galaxy witR < 1. Their luminosity functionis

4.2. The luminosity function (PNLF)

|}(y_(m) x e
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Table 3. Emission lines and continuum objects found in M33Table 3. (continued)

Ho+[N 11] and [O 111] fluxes are in units of 10'® erg cm™
The last column gives the fluxes measured in the scaléurgtreny”

image, relative to the [@i1] ones (see text).

. Fre

id R.A. Dec  Flua Flomy ﬁ
1 131563 302823 0.0 09 27
2 132093 302602 @ 4.2 37 58
3 132160 300914 208 81 70
4 132216 302116 622 236 85
5 132266 302405 6.2 13 1.9
6 13227.0 302529 56.6 191 05
7 132285 302816 2.0 30 19
8 132339 302235 6.0 1.0 09
9 132368 302019 243 171 49
10 132424 302522 20 03 64
11 132438 301326 6.7 07 22
12 132497 304553 87 06 31
13 132524 305015 17.9 41 05
14 132553 303726 3.0 00 00
15 132582 303640 11.9 1.0 31
16 13301.2 303012 1.1 31 22
17 133028 303311 6.2 15 23
18 13306.8 303508 4.2 01 96
19 133086 304214 13.6 35 01
20 133087 305640 84 1.2 12
21 133090 303004 133 36 25
22 133103 305510 3.7 05 1.0
23 133107 303102 813 3.5 03
24 133114 301818 28 1.9 08
25 133140 303924 50.2 74 01
26 133146 303948 80 02 13
27 133150 305121 44 01 22
28 133171 303501 1.6 00 00
29 133228 302341 37 05 1.4
30 133241 302902 35 11 44
31 133244 304938 4.2 03 12
32 133244 302330 175 16 24
33 133275 303547 15 18 12
34 133336 310141 34 03 37
35 133355 302557 89.0 147 04
36 133364 303124 137 06 6.3
37 133382 302358 96 04 19
38 133450 302740 08 22 18
39 133451 304831 39.6 38 12
40 133492 305833 21 1.1 33
41 133543 305730 23 03 12
42 133556 305642 0.7 00 00
43 133584 303239 86 1.4 44
44 133588 304744 103 08 15
45 134052 305941 145 1.1 17
46 134131 301925 438 06 32
47 134179 305243 119 71 02
48 134182 302201 59 1.7 22
49 134248 305237 0.7 32 03
50 134263 303422 13.6 07 82
51 134293 305907 23 02 27
52 134293 305915 7.1 01 10
53 134309 304936 46 02 12

. F

id R.A. Dec Fua  Fo ﬁ
54 134318 302109 10.0 1.0 5.9
55 13436.6 310239 7.4 0.4 2.9
56 13439.2 304652 3.4 0.0 0.0
57 13440.0 304752 3.4 0.8 1.8
58 134419 305602 17.1 3.6 0.8
59 134425 305541 26.3 3.6 0.3
60 134465 310837 3.3 0.2 1.7
61 134498 304729 2.4 0.0 0.0
62 13451.1 303744 474 19.8 0.3
63 135326 304702 3.4 0.0 0.0

presented in the upper panel of Hiy. 4. In order to check whether
exclusion of the objects with larged+[N 11] over [O111] fluxes
produces some effects on the PNLF, we also fit the theoretical
formula to objects withk > 1 only (Fig4, lower panel). Al-
though the amplitude of the PNLF changes somewhat, in both
cases we found the same apparent distance modulus of 24.62.
This is because the most luminous objects infiPhave gener-

ally also largeR values (apart from few, but noteworthy excep-
tions). In fact, 80% of the candidates in the complete sample
have R > 1, and if we restrict to the most critical luminos-
ity range of the PNLF of M33, i.e. to magnitudes smaller than
21.6, 90% of the objects have > 1 and some 80% have

R > 1.5. Thus the shape of the high luminosity tail of PNLF is
not changed significantly by excluding objects with I&wal-

ues, as confirmed by a further test in which we obtain the same
results as above by considering objects with- 1.5 only.

The apparentdistance modulus need to be corrected for fore-
ground, Galactic reddenindZ(B — V') = 0.045, Burstein &
Heiles 1984) as well as for dust extinction within M33. The lat-
ter is an important source of uncertainty in the present analysis.
Freedman et al. (1991) derivét{ B — V') = 0.10+0.09 (fore-
ground + internal) for Cepheids in M33. Cepheids, however,
are population | objects, and are located close or within the thin
dust layer of M33. PNe are instead generally associated with an
older disc population; in the Galaxy, for instance, they have a
scale height above the disc two or three times larger than the dust
layer (cf. Corradi & Schwarz 1995). Then some of our PNe will
lie in front of the dust layer of M33 (which is seen relatively
face-on), and will have a very small reddening; other objects
will instead lie behind it, and will be characterized by a redden-
ing similar (or only slightly larger) to that of the Cepheids. As
a consequence, the average reddening for PNe is likely to fall
between the foreground valug (B — V') = 0.045) and that of
Cepheids£(B—V) = 0.10). The effect s difficult to quantify.

As a test, we have computed the PNLF for PNe which are lo-
cated at a galactocentric distance larger than one scale length of
the exponential disc of M33 (530Baggett et al. 1998). Results
obtained for other spiral galaxies (Xilouris et al. 1999) indicate
that at such a distance the average, face-on extinction of a spiral
galaxy is expected to be lower than 0.35 mayircorrespond-

ingto E(B — V) = 0.01. In addition, most of the selected PNe
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20— 5. Summary and conclusions

16 |- We have detected 134 PN candidates in the spiral galaxy M33,
by comparing [Om1], Ha+[N 11], and continuum images taken
with a panoramic mosaic detector attached to the 2.54 m INT. In
addition, other 63 compact emission-line objects were identified
which have a non-negligible continuum. Further spectroscopic
studies are in order to determine their nature.

The PNe luminosity function of M33 is found to closely
follow the general PNLF derived for other galaxies in the Local
Group. From it, we derive a distance of M33&10 + 90 kpc,
equal to the distance known from the Cepheids. This provides
further supportto the use of the PNLF as a valuable extragalactic
distance indicator.

We plan to perform spectroscopic studies of the individual
PNe candidates to fully verify their nature and derive informa-
tion on their physical properties. This will also help in clarifying
the possible misclassification of PNe with other emission-line
objects in studies based on @], Ha+[N 11] and continuum
imagery only, a basic information when discussing the PNLF
as an extragalactic distance candle.

N. of objects
T

m 5007

Fig. 4. The PNLF for M33, for all objects (upper box) and for thosé\cknowledgementsiVe thank an anonymous referee for useful sug-

with R = % > 1 (lower box). The adopted completeness limigestions. The work of RLMC and AM has been supported by a grant
is at 22.6 mag. Only the complete sample (full circles) is used to fit tR& e Spanish DGES PB97-1435-C02-01.

theoretical PNLF (solid line).
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