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ABSTRACT

Context. There are more than 3000 confirmed and probable known Galactic planetary nebulae (PNe), but central star spectroscopic

information is available for only 13% of them.

Aims. We undertook a spectroscopic survey of central stars of PNe at low resolution and compiled a large list of central stars for

which information was dispersed in the literature.

Methods. We observed 45 PNs using the 2.15 m telescope at Casleo. Argentina.

Results. We present a catalogue of 492 confirmed and probable CSPN and provide a preliminary spectral classification for 45 central
star of PNe. This revises previous values of the proportion of CSPN with atmospheres poor in hydrogen in at least 30% of cases and
provide statistical information that allows us to infer the origin of H-poor stars.
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1. Introduction

A planetary nebula is the most luminous transitory phase in the
life of low and intermediate mass stars (0.6 My, < M < 8 M) on
their evolution from the asymptotic giant branch (AGB) to their
final destiny, white dwarfs (WD). The PN phase begins once the
central star reaches an effective temperature of 30000 K and
ionises the shell of material ejected during its evolution in the
AGB. After about about 2 x 10* years, it ends when the nuclear
burning in a thin shell of the star stops, and the nebula finally
disperses.

PNe were discovered more than two centuries ago, and their
number has increased every year, but there are still unsolved
questions about them. Some of these, and perhaps the most im-
portant ones, are related to aspects of the central stars of the
planetary nebulae (CSPN). Planetary nebulae nuclei are not lo-
cated in a confined region of the HR diagram, and their op-
tical spectra encompass all varieties known for hot stars, i.e.
ranging from pure emission to emission-absorption mixtures
and from near-continuous to pure strong absorption. The ap-
pearance of the spectrum depends upon temperature, luminos-
ity, and chemical composition, or more fundamentally, upon
core mass and state of evolution. Méndez (1991) suggested that
the majority of CSPN can be classified in two distinct cate-
gories: those for which stellar H features can be identified in
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their spectra (hydrogen-rich) and those for which they cannot
(hydrogen-poor).

At present, there are about 3000 confirmed and probable PNe
known in our Milky Way, listed in Acker et al. (1992, 1996)
(SECGPN!Y), (Parker et al. 2006; and Miszalski et al. 2002)
(MASH?), and Drew et al. (2005) (IPHAS, INT Photometric
H-Alpha Survey). However, spectroscopic information on their
central stars is known only in a very small fraction of objects
(about 13%, see Sect. 3).

Spectroscopy of CSPN is difficult to obtain because of their
apparent low brightness, low apparent magnitudes (60% of the
CSPN listed in the SECGPN have V > 15.5), and the surround-
ing gaseous shell whose emission lines often mask the stellar
lines. In addition, the position of the CSPN is not always clear.

The determination of spectral types of CSPN should help
significantly to improve our knowlege of their general evolution-
ary scheme, making it possible to consider CSPN as physical
objects with individual parameters and peculiarities and not just
as sources of ionizing radiation.

One of the first lists of CSPN was compiled by Aller (1948),
then another was produced by Acker et al. (1982) (Catalogue of
CSPN, Strasbourg Observatory). Information on CSPN can be
found in the SECGPN and the MASH CDS-catalogues. Several
authors have added contributions, although often for particu-
lar spectral types, e.2. WR+wels (Acker & Neiner 2003), B[e]
(Lamers et al. 1998), evolved CSPN (Napiwotzki 1999), and
PG 1159 (Werner & Herwig 2006).

L Strasbourg-ESO Catalogue of Galactic PN (SECGPN) http://
vizier.u-strasbg.fr/viz-bin/VizieRPlanetary_NebulaeV/
84/cstar.

2 Macquarie/AAQ/Strasbourg  Ha Planetary ~ Galactic
http://vizier.u-strasbg.fr/vizier/MASH
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Table 1. Summary of the spectral types of CSPN compiled in our cata-
logue, grouped by their atmospheric hydrogen abundance.

H-rich H-poor
Sp.Type Sample Sp. Type Sample Sp. type Sample
03-9+Beay 64 sdB 1 [WC4-11] 57
Of 20 Hybrid 3 [WOl1-4] 33
Later that BS 38  Symbiotic star? 7 [WR] 11
Ble] 6  Blue 50  [WN] 5
DA+WD 12 Emission-line 25 PG 1159 15
DAO 14 [WC]-PG1159 2
sdO 3 O(He) 3
hgO(H) 16 O(c)+0f(c) 2
Cont. 16 H-poor 1
H-rich 3 DO 4

wels 72
Total 192 Total 86  Total 205

Notes. Here, we have discarded 9 objects without any specific spectral
type.

To contribute to the knowledge of the final stellar evolution
stages, we undertook a spectroscopic survey of CSPN and com-
piled a large list of CSPN. The motivation of the present work
lies in a series of astronomical concerns: the complicated puz-
zle of different types of CSPN observed (see Table 1), few stars
with spectral information, a lack of consensus in the evolution-
ary sequence of the CSPN, and the surprising bimodality in their
hydrogen abundance.

This paper is organized as follows. The sample and obser-
vations are described in Sect. 2.1; in Sect. 2.2, we comment on
the spectral classification; in Sect. 3, we present the catalogue
of CSPN and we give a brief discussion. Finally, in Sect. 4 we
present our conclusions.

2. New spectral classification
2.1. Observations

We observed 45 southern CSPN selected from SECGPN and
Boumis et al. (2003), the coordinates of which were taken from
Kerber et al. (2003).

The observations were carried out during a three-year cam-
paign between 2005 November and 2008 December that in-
cluded a total of 31 nights of observations. For this survey, we
used the REOSC spectrograph attached to the 2.15-m telescope
at CASLEO, Argentina.

A 300 line mm~" grating was used, which yielded a dis-
persion of 3.4 A pixel™!. During some nights, a grating of
600 line mm~" was used (1.6 A pixel™!). The gratings provide
a typical wavelength range of 3500-7000 A (3875-5530 A for
the highest resolution). The slit was opened to 3" to be consis-
tent with the seeing at the site.

2.2. Results

In this first work, we present a very preliminary classification
of the observed CSPN. We distinguish between CSPN with ab-
sorption and emission lines. In the former group, we basically
identified absorption lines of Hel and Hell, these CSPN then
being classified as OB. The latter group contained CSPN with
identified emission lines, mainly of CIII (4650 A and 5696 A)
and C1v (5806 A), which are typical of [WC] stars. This CSPN
were classified as “emission-line”. We obtained some spectra
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Table 2. Summary of results of KS test applied to the sample of Galactic
latitude.

Compared

groups D P
H-rich vs. H-poor  0.26 <0.1%
H-rich vs. wels 0.25 0.3%
H-poor vs. wels 011 64.1%

Notes. Where D indicates the differences between the cumulative num-
ber distributions and P the probability that the compared samples are
equal.

whose stellar continuum had a reasonable signal-to-noise ratio
(S/N), but displayed, neither absorption nor emission lines. In
these cases, although classified as “continuous™ type, these ob-
jects are axpected to be H-rich (Kudritzki et al. 1981). Result are
shown in Table 3. In a forthcoming paper, we perform a detailed
spectroscopic analysis.

3. The catalogue of CSPN
3.1. Content

Taking into account that the information about CSPN spectral
types is scattered among many publications, we carried out an
extensive bibliographic compilation of the CSPN data with the
goal of producing an updated list of those stars that have spectro-
scopic information. This list includes 492 stars of both confirmed
and possible PN with spectral-type determinations, 45 of them
from our own new data. Transition objects, such as post-AGB,
PPN, or young-PN (Ej. V 348 Sgr, CRL 618, He 1-5, BD+33
2642, LS IV-12 111 and He 3-1475) were not included.

The information included in the catalogue, discriminated be-
tween being confirmed and possible PN (Table 4), is;

Col. 1
Col. 2
Cols. 34

the PN G designation, taken from SECGPN;

the common name of the object,

the equatorial coordinates (J2000.0) of the nebula,
since in most cases there is no information on the po-
sition of the CSPN. Though in many cases this is ev-
ident, in others it is not;

the spectral classification of the CSPN. If there are
more than one, they are separated by a semi-colon
(idem in the references column). However, we use
only two spectral classifications if is it necessary, for
example when the spectral classifications are very dif-
ferent. When the authors observed Balmer series ab-
sorption, we labeled these objects as H-rich. In some
cases, the authors do not give the spectral type of the
CS, but describe the identified lines. We also include
the CSPN classified by Miszalski et al. (2002) in the
MASHII catalogue: blue, [WR] or wels. Note that the
blue characteristics of the CSPN images in MASHII
is not based on any spectroscopic study;

the reference where the spectral type was found (t.w.
means this work),

the reference that indicates whether the star is part
of a binary system (nothing if not). Although some
CSPN are of a late MK spectral type, it is accepted
that the excitation source of the PN (if star and nebu-
lae are physically associated) is a hitherto undetected
hot star (Lutz 1977). In those cases, we include the
label be-CSPN, corresponding to binarity for the cool
CSPN.

Col. 5

Col. 6

Col. 7
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Fig. 1. Distributions in Galactic longitude and latitude of CSPN (of true and possible PN) that belong to H-rich, H-poor, and wels star groups. Note
that H-poor PN are more concentrated towards the Galactic center than H-rich ones. The similarity between the wels and H-poor distributions is

also noticeable.

The catalogue of Acker et al. (1992) and ANO3 provided spec-
troscopic information for 240 CSPN; with this new collated list,
the number of CSPN with spectral classification has doubled.
We hope that this new list will be useful for future investiga-
tions. In addition, we note that Parker et al. (2006) estimated that
~30% of the MASH entries have candidate CSPN, with about
half of these being high quality candidates suitable for imme-
diate follow-up, so the list of CSPN with spectral classification
will be increased quickly.

3.2. Discussion

The larger sample of CSPN with spectral types allows us to dis-
cuss the dichotomy between H rich and poor stars.

We grouped the H-rich and H-poor CSPN in Table 1°, It is
clear that the former group is more numerous than the H-poor
one, the ratio being 1.4. In an earlier study, Méndez (1991) re-
ported a ratio of 3. It is evident that stars with strong emission
lines are easier to detect than those with absorption lines, thus
favouring the detection of H-poor stars. However, is this effect
strong enough to explain the ratio of stars observed between both
groups?

We have found above that 30% of the whole CSPNe pop-
ulation appears to be hydrogen deficient (without counting the

3 Although we have included the wels in the H-poor group (since we
found evidence that wels and H-poor are in the same group), we prefer
to be cautious and define and use the three groups H-rich, H-poor. and
wels in the following discussion.

“blue™ stars). It is difficult to obtain a theoretical prediction of
this ratio of stellar types because the mechanism for generat-
ing H-poor CSPNe is not well known. The more accepted hy-
pothesis for explaining the lack of hydrogen in the atmospheres
of CSPN is the born-again phenomenon (Iben et al. 1983). In
this framework, it is estimated that roughly 15% (Lawlor &
MacDonald 2001) of post-AGB stars suffer a born-again event.
Blocker et al. (2001), based on their improved born-again mod-
els (thermal pulses plus overshooting), found that 20-25% of
stars can be expected to become H-poor. These theoretical values
are substantially lower than our observational value. According
to this catalogue, it is difficult to imagine how a selection effect
could be as eflicient as to produce this high fraction of H-poor
stars, so perhaps the born-again phenomenon is not the unique
mechanism for obtaining an atmosphere free of hydrogen. We
recall other ways to form H-poor CSPN, such as the binary chan-
nel (Tylenda & Gorny 1993) or the continuous stripping of the
outer H-rich layers by intense stellar winds (Gorny & Tylenda
2000).

Only 71 close binary CSPN have been found (de
Marco 2009; Miszalski et al. 2009b, and 2010), almost all of
which have a H-rich spectra. The first [WR] star, in a close bi-
nary system, has been discovered in 2010 (Hajduk et al. 2010).
We note that nearly 14% of the compiled CSPN are probably bi-
nary systems, in good agreement with the 10—15 value obtained
by Bond et al. (1989).

We analyzed the distribution in Galactic coordinates of the
CSPN sample that belongs to the H-rich and H-poor groups.
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Table 3. Spectral types from our observations.

Name PN G AR(2000) Dec(2000) Sp. Type E.T.[s] (grating)
H1-62 000.0-06.8 18 1317.9 —321943.0 emission-line 3600 (300)
PC 12 000.1+17.2 1643493 —-185633.0 OB 2% 1200 (300)
1C 4634 000.3+12.2 1701335 -214933.1 emission-line 3 x 1000 (300)
H 1-63 002.2-06.3 1816185 3007358 OB? 3600 (300)
M 1-38 002.4-03.7 180605.8 2840343 cont. 3600 (300)
M 1-53 0154045 1835482 —-173608.4 emission-line? 3600 (300)
Sal-8 020.7-059 1850442 -1331024 OB 3600 (300)
IRAS 19021+0209  036.4-01.9 190438.5 021423.0 cont. 3600 (300)
M 1-6 211.2-03.5 0635446 000541.1 emission-line 3600 (300)
SaSt2-3 232.0+05.7 0748035 -140742.6 OB 3600 (300)
M 1-11 232.804.7 0711166 —-195103.0 emission-line 3600 (300)
M 1-14 2349014 0727565 2013234 OB 2% 3600 (300)
M 1-12 235.3-03.9 0719214 2143553  emission-line 3600 (300)
Y-C2-5 240.3+07.0 08 1041.7 -203132.9  emission-line 3600 (300)
KLSS 1-9 240.8-19.6 0624364 —330449.0 OB 3600 (300)
M 3-4 241.0402.3 075511.2 2337456 cont. 3600 (300)
M 3-1 242.6-11.6  070249.6 —313541.3 cont. 3600 (300)
M 4-2 248.8-08.5 0728552 3545154  emission-line 3600 (300)
Ns 238 254.6+00.2 0820567 -361346.7 OB 2% 3600 (300)
PB 2 263.0-05.5 082039.8 —462013.2 emission-line? 2% 1200 (300)
PB 4 275.0-04.1 091507.6 —545238.5 emission-line? 3600 (300)
1C 2501 281.0-05.6 0938475 —-600527.9  emission-line 2% 3600 (300)
1C 2553 285.4-053 1009217 -623640.9  emission-line 4% 300 (300)
He 2-47 285.6-02.7 102309.0 -603234.3 emission-line 2% 2700 (300)
1C 2621 291.6-04.8 110019.5 —651454.2  emission-line 2% 3600 (300)
Lo6 294.1+14.4 120043.5 4733120 cont. 3600 (300)
Th 2-A 306.4-00.6 1322348 —632055.2 emission-line 3600 (300)
He 2-97 307.2-09.0 1345240 —712848.8 emission-line 3600 (300)
He 2-105 308.6-12.2 1415257 7412498 OB 3600 (300)
NGC 5307 312.3+10.5 1351033 5112159  emission-line 3600 (300)
He 2-107 312.6-01.8 1418425 —630710.7 emission-line 2% 3600 (300)
He 2-434 320.3-28.8 193350.7 7432587 OB 3600 (300)
NGC 5979 3225052 154740.6 —611302.7 emission-line 2% 1500 (300)
He 2-128 325.8404.5 1525079 —511940.9 emission-line? 3600 (600)
WRAY 17-75 329.5-02.2 1612344 5423353 OB 3600 (300)
He 2-187 3375051 1701374 -502256.6 OB 3600 (300)
NGC 6026 341.6+13.7 160120.8 —343238.0 OB 3600 (300)
PC 17 3435078 173541.1 —465951.3 emission-line 3600 (600)
Cn1-3 345.0-049 172611.8 —441129.1 emission-line? 4% 700 (300)
1C 4663 346.2-08.2 1745285 —445411.5 emission-line? 4% 700 (600)
1C 4699 348.0-13.8 18 1831.2 —455903.2  emission-line 3600 (600)
NGC 6337 349.3-01.1 1722160 —382857.6  emission line 3600 (300)
Fg3 3529075 1800119 3849517 cont. 3600 (300)
H 1-35 3557035 1749139 3422533 emission-line? 2% 1700 (300)
Te 2022 358.8-00.0 1742424 2951354 OB 3600 (300)

Notes. The PNe are denoted by their common name and by their PN G designation. Fifth column lists the preliminary spectral type that we have

adopted for each CSPN. The last column indicates the exposure time and grating used (300 or 600 line mm™').

(@ GEMINTI observation. see Weidmann et al. (2008).

From Fig. 1, it is evident that there is a strong concentration
of H-poor and wels stars toward the Galactic center. This effect
was observed by Gorny et al. (2004) and attributed to a possible
selection effect. However, it might be caused by the influence of
metallicity in the mechanism that leads to an unleashing of the
total hydrogen loss from the stellar atmosphere of those objects.

On the other hand, the average height above the Galactic
plane of H-rich, H-poor and wels stars was found to be 13.9° +
15.2,9.0° £ 12.6, and 6.7° £ 5.3, respectively. As these errors are
too large, we performed a Kolmogorov-Smirnov (KS) statistical
analysis. The significance of the trends in KS test is assessed on
the basis of differences, D, between their cumulative number dis-
tributions. This is used to define a probability coeflicient P, such
that low values of P imply significant differences. The results of
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the KS test are shown in Table 2. It is clear that the distribution
of Galactic latitudes of H-rich and H-poor stars are very differ-
ent. In addition, the sample of wels stars are, apparently, more
similar to the H-poor stars than the other group, supporting the
hypothesis that wels stars belong to the H-poor group and en-
hancing the ratio of H-poor to the whole CSPN population.

4. Conclusions

We have carried out a spectroscopic survey of PNe, during
which we have performed a very preliminary determination of
the spectral types of 45 of their central stars, all of them previ-
ously unclassified. In addition, we have performed an extensive
bibliographic compilation of CSPN with determined spectral
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types. We have presented the list of 492 CSPN with spectral
classification (together with their respective references), and in-
cluded a tag indicating those that are either binary systems or
candidates. We hope that this list will be useful for future inves-
tigations.

From our catalogue, we grouped CSPN whose atmospheres
are hydrogen rich or poor; conservatively we ruled out the wels
(nevertheless we found evidence supporting the hypothesis that
wels belong to the H-poor group). We found that the ratio of
stars in both groups is lower than previous estimates. According
to our statistical analysis, we have found that PN with H-poor
central star are more concentrated toward the Galactic center
and Galactic plane than the H-rich group. This suggests that H-
poor stars may have a more massive progenitor and in addition,
the metallicity could play an important role in the mechanism
responsible for generating hydrogen-free atmospheres. In addi-
tion, we have found that the frequency of occurrence of known
close binaries among CSPNe is ~14%.
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