Astron. Astrophys. 355, 720-724 (2000) ASTRONOMY
AND
ASTROPHYSICS
The UV (IUE) spectrum of the planetary nebula PC 11 (HD 149427

M. Parthasarathy'-2, P. Garda-Lario3, S.R. PottascH, D. de Martino®, and R. Surendiranath?

! National Astronomical Observatory, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan

2 Indian Institute of Astrophysics, Bangalore — 560034, India

3 1SO Data Centre, Astrophysics Division, Space Science Department of ESA, VILSPA, 28080 Madrid, Spain
4 Kapteyn Astronomical Institute, Postbus 800, 9700 AV Groningen, The Netherlands

5 Osservatorio Astronomico di Capodimonte, Via Moiariello 16, 80131 Naples, Italy

Received 24 September 1998 / Accepted 13 December 1999

Abstract. The UV spectrum of PC 11 is found to show varieoncludes that it is a young low luminosity compact and dense
ations in the strength of the O Il1] 1666, N ] 1750A and PN with a central star having an energy balance temperature
C 1] 1909A emission lines. The detection of continuum emissf 105,000 K. The classification of PC 11 as a PN and not as
sion in the wavelength interval 268ao 32004 indicates that a symbiotic star is based on the low excitation observed in the
the central star of PC 11 has an early F-type dwarf companiaptical spectrum and its location in the HR diagram.
The very low level of UV continuum in the wavelength interval From a preliminary analysis of the IUE UV spectra of PC
11504 to 19004 and the non-detection of the central star in th&l Parthasarathy et al. (1993) found variations in the strength of
UV images recently taken with HST suggest that the hot whi® Ill] and N I11] lines. They also suggested that PC 11 is a PN
edwarf or sub-dwarf like central star may be obscured by a dustyd that the central star is a binary with a A-F type companion.
disk. The variations in the UV emission lines observed during Discovering and studying binary central stars in PNe is im-
the period 1987 to 1994 may be the consequence of variaptetant to understand the common-envelope evolutionary phase
emission coming from high-velocity jet-like emission visible irand also to get distance esimates to PNe. Binary central stars are
optical images also taken with HST in the light of [O 111]. Basedelatively rare in PNe. There are about 15 close-binary central
on our UV observations, we confirm our identification of PC 14tars known (Bond & Livio 1990; Livio 1997). Some of them
as a planetary nebula with a close binary central star. Adoptiage among the hottest known central stars.
the absolute magnitude of a FOV companion yields a distance Milne & Aller (1982) made radio observations of PC 11
of 485 pc to PC 11. If we assume a typical expansion velocigy 14.7 GHz and found a flux density of 41 mJy. Kenny et al.
of 12.5 km s and considering the observed angular diamet&r992) measured a flux density of 26 mJy at 5 GHz. The far-
of the nebula (4.1), we find the age of PC 11 to be 376 yeardR (IRAS) colours are similar to those usually observed in PNe
The AGB phase of evolution of the central star seems to hafRarthasarathy & Bhatt 1989). We have obtained UV (IUE) spec-
been terminated only recently. tra of PC 11 on six occasions and an analysis of these spectra is
presented in this paper.
Key words: ISM: planetary nebulae: individual: — ultraviolet:
stars — stars: binaries: close — stars: evolution — stars: emission-

line, Be — stars: AGB and post-AGB 2 Observations

Low resolution ultraviolet (1158 to 32004) spectra of PC 11
were obtained with the SWP and LWP cameras onboard the
IUE satellite using the large entrance aperturé’2@3"). The
PC 11 (HD 149427 = IRAS 16336-5536 = PN G 331.1-05.7) Engular diameter of PC 11, as revealed by HST images avail-
apeculiar object, classified as a planetary nebula (PN, hereaftgdsfe in the Data Archive taken through several narrow filters is
(Acker et al. 1992) but also as a D’-type symbiotic star (Aller4”, Hence, the entire nebula and the central star must have
1982). The most recent analysis of the optical spectrum of Rfways been observed well centred within the large aperture of
11 by Gutérrez-Moreno & Moreno (1998, hereafter GMM98}he IUE cameras. In fact, during the 1987, 1988 and 1989 ob-
Send offprint requests 1. Parthasarathy servatlon_s the optical detector on boar_d IUE (FES) was able to
* Based on observations obtained with the International UItravig-etect this 127 mag star, aIIpWIng a direct and hence accurate
let Explorer, retrieved from the IUE Final Archive at VILSPA and orjfarqet acquisition into the science a_perture. On the. other hand,
observations made with the NASA/ESA Hubble Space Telescope, Shiring the 1992 and 1994 observations, the centering of PC 11
tained from the data Archive at the Space Telescope Science InstitiéQ the large apertures was ensured by the Blind Offset tech-
which is operated by the Association of Universities for Researchique, checking the relative guide position (found within().8
Astronomy, Inc., under NASA contract NAS5-26555 with respect to the nominal target coordinates. Observations
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1500 2000 2500 3000 merged SWP and LWP spectra since 1987
are shown. Spurious features are marked
Wavelength ( A ) with crosses.
Table 1.Journal of IUE observations. 3. Analysis
Date Image Exposure time Image Exposure timl?pec,tr""do_f PC11 frlom 1l|?0tfo 320]?3‘2;? ?bsl(;lgtf flux uhnits .
ired in sever rom r wn in
Sep.10, 1987 SWP31820 5400 s LWP11590 3600 s acquire several epochs 1o 0 are sho

Sep.12 1987 SWP31829 7200 s Fig. 1, where the spectral evolution is apparent.

Jul.19, 1988 SWP33940 5940 s

Mar.26, 1989 SWP35859 7200 s LWP15252 4800s  3.1. Emission lines
Apr.23,1992 SWP44460 7200 s LWP22875 3600 s . S
Apr.23,1994 SWP50612 9000 s LWP27973 5100 s The prominent emission lines in the UV spectrum of PC 11

correspond to O 1lI] at 1668, N I1l] at 1750A and C IIl] at

. , . ) 1909A. Weaker emission features are also identified as C 1V at

were made on six occasions during the period 1987 10 19941353k and He Il at 1646 in the short wavelength range and as

reported in Table 1. _ Cli]at2325A and O ] at 247@ in the long wavelength range,
All spectra have been re-extracted from the IUE Fingle |atter despite of a few bad pixels identified in two line-by-

Archive at VILSPA which were re-processed using the Uk, g jmages. Upper limits of 34 on the equivalent widths of
NEWSIPS pipeline which applies the SWET extraction methqglv C 1], and O 1] lines can be given.

as well as the latest flux calibration and close-out camera sen- From the inspection of Fig. 1 it is clear that there are varia-

sitivity corrections (Garhart et al. 1997). Line-by-line imageg,ns in the strength of the UV emission lines in the spectrum
have been inspected for spurious features. In this work only 9ep 11 - particularly, the variations in line strength of Cil]

image SWP31829 has been used to represent the far-UV Spefsi and o I11] 16664 are significant (Table 2). In addition,
trum in 1987 since it is best exposed and since the noisy image \q || 280A absorption line shows a variable and asymmet-
SWP31_820 shows presence Of_ cosmics featqres at Pos't'onﬁ@]‘orofile and appears to be affected by emission in the 1992
the registered spectrum especially in the region at 8388d 5,4 1994 spectra. There is a wavelength shiftbyt.4A of the
1700A. For the other exposures contaminated pixels on the reGhission lines in the 1988 SWP33940 spectrum, which would
istered spectrum have been identified (see also Fig. 1). correspond to a velocity of-880kms L. A wavelength shift
could have been produced by a de—centering of the target along
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Table 2. Equivalent widths and fluxes of main emission lines in the UV spectrum of PC 11

O] 1666 A N 111} 1750A C 1] 1909A
Epoch Wi (A)  Flux! W, (A) Flux! Wi (A)  Flux'
1987 16+3 1.3+£0.1 9+1 0.60+0.08 60+10 3.6:0.2
1988  30+4 23+0.1 9+1 0.68+0.09 48+5 2.9+0.1
1989  30+3 2.0+0.1 13+1 0.81+0.03 60+8 2.7+0.1
1992  40+7 24402 13+2 0.92+0.06 40+5 3.0+0.1
1994 2242 1.7+0.1 114+4 056+0.07 38+8 2.2+0.1

! Flux in units of 103 ergcm? 7!

the minor axis of the oval science SWLA aperture. Such shal narrow F507N and F656N filters (centred at the wavelengths
would correspond to a4” offset and hence it would have beercorresponding to the emission lines of [O Ill] andH
at the border with very likely loss of flux. This cannot be ac- While nothing was detected at UV wavelengths at the posi-
counted by the observed flux (the continuum has not changeh of PC 11 through the F218W filter (nor even the hot central
with respect to other exposures at other epochs) and primastgr), the high resolution (0.04%pixel) images taken through
by the fact that the standard automatic IUE acquisition prodite F507N and F656N narrow filters revealed a nebular mor-
dure called ACQ, with an accuracy better thdhas used for phology consisting of a bright and elongated central condensa-
this exposure. This might suggest an outflow variability. tion of quasi-stellar appearance (diamete®.8"), where most
The strength of the brightest emission lines detected at vaf-the emission is concentrated, surrounded by a much fainter
ious epochs are given in Table 2. The measures have been prrnd-shaped nebulosity with a total extension-o4.1’. The
formed interactively since gaussian fits could not satisfactaapgular diameter (10 of PC 11 estimated by Moreno et al.
reproduce the observed profile. Averaged values over sevéi®91) from very low resolution photographic images seems to
measures are reported and errors are standard deviations foerrong.
the mean. The UV spectrum of PC 11 does not show any evi- The extended nebulosity surrounding the central core looks
dence that it is a symbiotic star. Feibelman & Aller (1987) useyliite homogeneous in the light obHHHowever, a clear jet-like
the flux ratio of C IlI] 1909 / Si 111 1892A as a discriminant emission and an apparently associated counter-jet are visible in
for distinguishing PNe from symbiotic stars and related objecf® Ill]. The brightest jet emission is observed coming from a
In symbiotic stars the Si lll line at 18%0is often strong. The bright knot located at a distance of 2t& the north-west of the
Si Ill emission line at 1898 in the spectrum of PC 11 is very nebula at a position angle which is almost coincident with the
weak or absent. The flux ratio C III] 1989 Si 1l 1892A is major axis of the elongated core.
very similar to that observed in 80% of the PNe which confirms This jet-like structure might be the origin of the high velocity
that PC 11 is a PN and not a symbiotic star. The recent optif@atures (up to 120 km—s) and faint double peak emission
nebular spectrum of PC 11 and its analysis also shows that e&ected by GMM98 in the spectrum of what they called the
11 is a PN (GMM98). GMM98 estimate an electron density gfO 11l] extension’ of PC11. Several other faint condensations
log (N./cm—3) = 5.2+ 0.2 and an electron temperatdfe = lying at other position angles are tentatively detected, but this
18400+ 300 K, typical of high density PNe. Variations in thanust be confirmed with deeper exposures of the same field with
[O 1ll] lines in the optical also appear to be evident if they arelST.
compared with previous results obtained by Webster (1966) and
by Acker et al. (1989).
Parthasarathy et al. (1993) suggested that PC 11 may have2a UV Continuum
binary central star based on the UV emission line variability aridhe UV continuum in the wavelength interval 1¥%ao
on the stellar continuum detected in the IUE spectrum. PC 19044 is very weak or absent, consistent with the non-detection
may be similar to the PN K42 which has a close binary centrabf the central star by HST. However, in the LWP spectra a ris-
star (Bond & Livio 1990). The variations in the UV emissioring stellar continuum from 2650to 32004 is clearly present
lines in PC 11 may be related to the presence of jets and(big. 1). Despite the low quality of the spectra in the 2R06-
knots in the nebula surrounding the binary nucleus, like thog®n, an extinction of E(B-V)=040.2 is found, in reasonable
observed in K+2 (Bond & Livio 1990). agreement with the optical estimate of E(B) = 0.47 given by
HST archive images of PC 11, recently obtained as p&HM98.
of a proposal by Bode (data unpublished), were inspected in We compared the LWP spectra of PC 11 with the spectra of
order to investigate possible connections between the nebstars in the IUE UV spectral atlas by Heck et al. (1984) and find
morphology and the spectral variations observed (see Fig. 2)hat it closely resembles that of an early F-type star. In Fig. 3, the
The HST data consist of several images taken with the Wideerage of the LWP spectra dereddened for-E¥B = 0.47 is
Field Planetary Camera 2 (WFPC2) onboard HST on 1999 Jslyown together with the unreddened spectra of the standard star
24 through the UV wide F218W filter (not shown) and the optHD 59846 of spectral type FO V (dotted line). The continuum in
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Fig. 2. Logarithmic scale images of PC
. ‘ 11 extracted from the HST Data Archive.

They correspond to WFPC2 exposures
taken in the light of [O 1ll] (left) and
: . Ha (right) shown with two different con-
trast levels. Note the elongated core (up-
per panel) and the presence of jet-like
emission in [O Ill] and not in K (bot-
tom panel).

the wavelength interval 2650 to 32R¢its very well with that of components in the distribution. Nebulae in the low expansion
an FO V star. From this result we can conclude that, despite theocity component (12.5 knts) to be smaller in linear extent
difference in depth of the Mg Il 28@0absorption line, which than the high expansion velocity PNe (27.5 k) If we use
can be partially due to interstellar contribution and/or intrinsi27.5 km s'! expansion velocity which appears to be typical for
emission of the source, the central star of PC 11 must be albige PNe then the age of PC 11 turns out to be 171 years. In any
nary with an early-F type companion star. A similar conclusiccase it appears that PC 11 is relatively a nearby very young PN
was reached by GMM98 from their optical observations. Theyith a binary central star. Its AGB phase of evolution appears
compared the optical continuum with stellar atmospheric mob- have been terminated within the last few hundred years.
els and derived an effective temperature of 7,500 K andleg GMM98 estimated the energy balance temperature of the
4.5 (cgs) for the companion star. central star to be 105,000 K. The UV continuum at the shorter
Since we are speaking of a companion having an earlyalavelengths is very weak or absent and we can only give an
spectral type, this has a direct consequence on the distance. Bpper limit to the detection of He Il 1640ine in the UV spec-
vious distance estimates to PC 11 range from 3 to 8.56 kpc (seen (equivalent width< 2 A), expected to be strong at such a
Acker et al. 1992). The presence of a binary companion to thigh temperature. In addition, the He Il 468@ine is not de-
central star can be used to derive a relatively accurate specteated in the optical spectrum. The effective temperature of the
scopic distance. Adopting the absolute magnitude of an FO-&dntral star may be lower than the energy balance temperature.
V companion GMM98 found that the distance to PC 11 to b careful analysis of high resolution and high signal to noise
close to 420 pc. We have adopted the absolute visual magnituakto optical spectrum of PC 11 using photo-ionization model
of the FOV companion to be 2.7 and the visual magnitude to b®y yield a correct estimate of the effective temperature of the
12.68. After taking into account the interstellar extinction weentral star.
find the distance to PC 11 to be 485 pc, which is in agreement Since the absence of a strong UV continuum in the wave-
with the estimate made by GMM98. If we assume a typical elength interval 1158 to 19004 cannot be accounted by the
pansion velocity of 12.5 kms" appropriate for relatively small interstellar reddening we conclude that it is likely that the hot
nebulae like PC 11 we find its age (with an angular diameterwhite-dwarf like central star is obscured by a dusty disk. The
4.1") to be 376 years. Gussie & Taylor (1994) from an analysi®ntinuum flux in the UV and in the optical appears to be mostly
of the expansion velocities of large sample of PNe found tvemntributed by the F dwarf companion. PC 11 appears to be sim-
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The variations in the UV emission lines may be due to
7 the formation and evolution of jet-like structures and clumpy
- q knots in the shell surrounding the central star of PC 11,
= i ejected from the binary nucleus and observed in the high
J resolution images of PC 11 taken with HST WFPC2 in the
| light of [O 1ll]. These high excitation knots of emission might
be similar to those observed in the PN K2, which also
shows evidence for jet-like structures ejected from its binary
nucleus. The formation of these jets might indicate the action
of hydromagnetic winds, similarly to what it is observed in
bipolar flows associated to protostellar objects. The formation
and evolution of jet-like structures and collimated outflows in
PNe remains unclear. However it appears that it is directly or
indirectly related to the presence of a binary companion (Soker
and Livio 1994; Bobrowsky et al. 1998).
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Fig. 3. The average of the LWP spectra (solid line) of PC 11 dereddened
with E(B-V)=0.47 (see text) compared with those of HD 58946 (FO V)
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