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ABSTRACT

We present new CCD narrowband images and spatially resolved intermediate-dispersion spectroscopy
of the hydrogen-poor nebulae A30 and A58. These data have allowed us to obtain information on the
physical properties and chemical abundances of the inner knots and outer envelopes of A30 and A58 as
a basis for the discussion of their implications in the evolutionary theories. In particular, hydrogen emis-
sion from the central knots has been carefully measured, and, consequently, the rates of conversion of
hydrogen into helium have been established with accuracy. The rates found indicate that almost all the
original hydrogen (between 75% and 95%) has been burned into helium. The chemical segregation
among the knots of A30 previously suggested by Jacoby & Ford is confirmed. The A58 inner knot,
which is spatially resolved in two different components, shows evidence of excitation by shocks. Helium
abundances and the N/O ratio in the outer envelope of this nebula are very high, therefore indicating
that the nebula formed as the result of the evolution of an intermediate-mass star.

An analysis of the chemical abundances, including other objects of the same class, gives some hints
that He/H and O/H are anticorrelated. The time elapsed between the formation of the outer envelopes
and the ejection of the central knots also seems to be related to the central knots’ chemical abundances.

Subject headings: ISM: abundances — planetary nebulae: individual (A30, A58) —

stars: AGB and post-AGB

1. INTRODUCTION

Planetary nebulae (PNs) with hydrogen-rich outer
envelopes, surrounding hydrogen-deficient inner knots,
compose one of the most singular classes among PNs. Only
five objects are currently members of such an exotic group:
IRAS 18333 —2357 in the globular cluster M22 (Gillett et al.
1986), A78 (Jacoby & Ford 1983, hereafter JF83), IRAS
15154 —5258 (Manchado, Garcia-Lario, & Pottasch 1989),
and the two PNs studied in this paper, A30 (PNG
208.5+33.2) and A58 (PNG 037.5—05.1).

A30 is a large, round, and presumably old PN whose
outer envelope is shown through narrowband filter images
in the Ha + [N 1] and [O m] light as a limb-brightened
nebula extending ~130” (Fig. 1 [Pl. 13]). In addition, it
exhibits hydrogen-deficient central knots (JF83) discovered
simultaneously by Jacoby (1979) and Hazard et al. (1980).
These knots have been interpreted as a clumpy expanding
disk or ring structure and two polar knots that are being
swept up by the fast stellar wind (Harrington 1986; Jacoby
& Chu 1989).

The hydrogen-poor nature of the central knot of A58
(Fig. 1) was first suggested by Pottasch et al. (1986). The
observations of Seitter (1987) confirmed this point, the spec-
trum of the central knot of A58 pointing to a complete lack
of Ha, with the emission lines slightly blueshifted with
respect to the nebular emission lines.

From an evolutionary point of view, such peculiar objects
are commonly interpreted as old PNs whose central stars
have experienced a secondary ejection of highly processed
material that forms the observed inner knots. In order to
explain this behavior, which clearly departs from standard
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stellar evolution on the post—asymptotic giant branch (post-
AGB), Iben et al. (1983) proposed an alternative evolution-
ary path. According to their views, a subset of hydrogen-
burning, low-mass PN nuclei (PNNs)—which they named
“born-again AGB stars ”—experience a late thermal pulse
during the post-AGB phase and return to the AGB phase.
At this stage, a second “superwind” phase may strip the
envelope of the born-again AGB star, reaching regions
where hydrogen has been depleted almost completely. After
a few thousand years, such a star would evolve back again,
but as a helium-burning PNN. A shell of highly processed
material encircles it.

More recently, Soker & Livio (1994) proposed an alterna-
tive scenario. Under certain conditions, matter from an
evolved nebula can flow back, once the stellar wind has
ceased, to undergo accretion by the compact central star. If
the accretion process continues for a sufficient time, the
material will burn and produce a late helium flash.

As a basis for discussing the implications of hydrogen-
poor PNs in the evolutionary theories in the AGB and
post-AGB phases, we present new CCD narrowband
images and spatially resolved intermediate-dispersion spec-
troscopy of the hydrogen-poor nebulae A30 and ASS8. In § 2
we describe the observations. The study of the physical
properties and chemical abundances of the central knots
and nebular material of A30 and A58 is in §§ 3 and 4,
respectively. A discussion of the material presented in this
paper is given in § 5. Finally, a summary is given in § 6.

2. OBSERVATIONS AND DATA REDUCTION

2.1. Imagery

The CCD images of A30 (Fig. 1) were obtained in the
framework of the IAC Survey of Northern Planetary
Nebulae (Manchado et al. 1996). The 82 cm IAC80 tele-
scope at the Teide Observatory (Tenerife) was used with a
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FiG. 1.—CCD images of A30 through narrowband filters in the Ha + [N 1] (top) and [O m1] (bottom) light. The slit positions, as well as the extension of
the apertures considered in the envelope, are shown on the He + [N 1] image. The central knots are labeled on the [O m] image.
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1024 x 1024 pixel> Thomson CCD with pixel size 07435.
Two narrowband interference filters made it possible to
isolate the Ho + [N 1] and [O mr] lines, respectively. Their
FWHMs are 100 and 30 A, respectively. Four 15 minute
exposure time frames were obtained and subsequently com-
bined to obtain the images shown in Figure 1.

The CCD images of A58 (Fig. 2 [Pl. 14]) were obtained
with the 2.56 m Nordic Optical Telescope (NOT) on 1995
July 3 at the Roque de los Muchachos Observatory on the
island of La Palma (Spain). The images were acquired
through narrowband interference filters (FWHM < 9 A) in
the Ha and [N 1] 16584 lines. The contribution of each line
to the other is negligible. A 1024 x 1024 pixel> Thomson
CCD with pixel size 07139 and field ~ 140" was used.

Figures 1 and 2 show A30 and A58 as two classical PN,
with low surface brightness and limb-brightened appear-
ance. If we exclude the central regions, the Ha + [N ]
image of A30 shows a smooth, round nebula. In the case of
A58, its shape gives some evidence to support interaction
with the surrounding medium, with material apparently
compressed toward the western parts. In addition, the
central star is slightly (~076) displaced west of the nebula.
An enlarged image of the central knot is also shown in
Figure 2. Extended emission is found toward the south-
western part of the central knot.

2.2. Intermediate Dispersion Spectroscopy

Long-slit spectral data of A30 were collected at the 3.6 m
telescope at the La Silla Observatory (Chile) from 1986
February 2 to February 4, using the ESO Faint Object
Spectrograph and Camera (EFOSC) with the RCA ESO
CCD 3 (330 x 512 pixels). The slit was 15 wide and 37
long. Observations of A58 were performed at the Calar Alto
Observatory’s (CAHA) 3.5 m telescope (Almeria, Spain) on
1994 July 26-28. Long-slit intermediate-dispersion spectra
were secured by means of the Twin Cassegrain Spectro-
graph (TCS) with two CCD detectors (Tektronix
1024 x 1024 pixels) operating simultaneously. The slit was
172 wide and 4’ long. Instrument settings are listed in Table
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1, including information about the telescopes, chips, instru-
ments, and grisms used and the spectral ranges, reciprocal
dispersions, and spatial resolutions achieved.

We observed A30 at two slit positions in order to obtain
information about the different inner knots, the central star,
and the outer envelope. In A58 the long slit was placed
across the central star and knot. A journal of the spectro-
scopic observations is reported in Table 2. Slit positions are
shown in Figures 1 and 2.

Data reduction was carried out at the IAC using the
standard software package IRAF.? The spectral images
were bias-subtracted and trimmed, flat-field—corrected, and
cleaned of cosmic rays. Wavelength calibration and distor-
tion correction were performed with polynomial fits to the
He-Ar arc lamps. Later, sky subtraction was carried out
using the parts of the images free from nebular emission; the
spectra were corrected for continuous atmospheric extinc-
tion with appropriate extinction curves for each observa-
tory. Finally, absolute flux calibration was performed by
means of observations of the standard stars BD +08°2015
(Stone 1977), Ross 627 (Oke 1974), and Feige 110 (Oke
1990). Once one-dimensional spectra of the interesting
regions had been extracted, fluxes were measured using the
FITLINES IRAF-IAC task developed by J. Acosta. This
program makes it possible to estimate the errors involved in
flux measurements assuming that the flux is affected by
Poisson counting statistics.

3. A30

In the following discussion, we will adopt Jacoby’s nota-
tion for the knots, which enumerates them clockwise,
namely, J1 (knot at position angle 150°), J2 (P.A. 59°), J3
(P.A. 330°), and J4 (P.A. 237°). They appear labeled in
Figure 1 (bottom) for clarity. According to Jacoby & Chu

2 IRAF is distributed by the National Optical Astronomy Observ-
atories, which is operated by the Association of Universities for Research
in Astronomy, Inc. (AURA), under cooperative agreement with the
National Science Foundation.

TABLE 1
INSTRUMENTAL SET OF THE SPECTROSCOPIC OBSERVATIONS

Reciprocal Spatial
Instrumental Spectral Range Dispersion Resolution
Set Key Telescope Instrument Grism A) (A pixel™ 1) (arcsec pixel ~?)
A 3.6 m ESO EFOSC B150 3650-5450 3.90 0.675
2 S 3.6 m ESO EFOSC 0150 5050—6850 3.90 0.675
Cviviinenenn 3.5 m CAHA TCS TO8 3650-5450 1.76 0.90
D.oeennnn 3.5 m CAHA TCS TO04 5500-7350 1.80 0.90
TABLE 2
JOURNAL OF SPECTROSCOPIC OBSERVATIONS
Exposure
Slit Slit P.A. Offset Instrumental Time
Object Date Position (deg) (arcsec) Set (s)
A30...... 1986 Feb 1 0 A 1200
1 B 1200
2 0 A 1200
2 B 1200
ASS8...... 1993 Jul 1 0 C 2000
1 D 1800

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1996ApJ...472..711G

30
y 20

10

=10

:

1
(]
=

Relative Declination (arcsec)

30 20 10 0 -10 =20 =30

Relative Right Ascension (arcsec)
F16. 2—CCD images of A58 through narrowband filters in the Ha (top) and [N n] (bottom) light. The slit position is shown on the [N n] image. The
central square 4" x 4” is shown enlarged on the bottom left-hand corner to show in detail the central knot. Emission extends toward the southwestern part
~1"3 away. )

GUERRERO & MANCHADO (see 472, 712)

© American Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1996ApJ...472..711G

No. 2, 1996

(1989), knots J1 and J3 are the polar knots, whereas J2 and
J4 are located at the equator, forming an expanding ring.

3.1. Spectral Analysis

We observed A30 at two slit positions, both passing
across the central star. The slit at P.A. 150° passes over
knots J1 and J3, while the slit at P.A. 60° covers the knots J2
and J4. Individual spectra were extracted for all four knots,
the envelope, and the central star, and are shown in Figures
3 and 4. Emission from the envelope and from the central
star are present in both two-dimensional spectra corre-
sponding to the two slit positions. We averaged the one-
dimensional spectra of each one of these regions to improve
the signal-to-noise ratio.

In all the spectra of the inner knots, the contribution from
the surrounding nebula has been removed by carefully ana-
lyzing the spatial profiles of the emission lines and fitting a
continuum. These one-dimensional spectra (Fig. 3) show
that forbidden lines from heavy elements and helium
recombination lines are several times stronger than Ho,
while Hf was only observed in knots J1 and J3.

As for the outer envelope, although the Hoa + [N 1]
images present a highly uniform surface brightness (except
in the bright knots within 10” of the central star), the [O m1]
image reveals the presence of knots and loops forming an
inner shell halfway out to the outer shell. In order to
analyze the spectroscopic information, the nebular envelope
has been separated into two different regions (Fig. 1, top).
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The inner part of the surrounding nebula extends from 10"
up to 30” from the central star, while the outer part of the
envelope extends from 35" to 60” from the central star.
Spectra from these regions are similar to those of other
high-excitation PNs. Only Ha, Hf, He 1 14686, and the
[O m] lines 144959, 5007 are detected. Neither He 1 nor
forbidden lines from low ionization stages, usually seen in
other PNs (e.g., [O m], [N 1]), appear in the spectra, thus
indicating a high excitation. In fact, I(He m A4686)/
I(HB) ~ 1.2. 1t is also noticeable that the ratio between
[O m] emission and HB decreases by a factor of 3 from the
inner to the outer envelope.

The normalized spectrum of the central star, shown in
Figure 5, is dominated by heavy lines of C 1v (145801, 5812,
4658, and 16198) and O vi1 (the double feature 143811, 3834
and 45290). Lines of N v (144603, 4619) and N m (114634,
4640, 4641) are also present, but they do not exhibit broad
emissions. In agreement with Heap (1982), it can be classi-
fied as an O vi1 star, but with a composite spectrum of WC3
and WN2. The He 11 Pickering series appears in absorption
(A45411, 4859, 4542, 4339, 4200, 4100), except for the line
26560, which is in emission. As discussed below (§ 3.3), it is a
hot star, with T, ~ 100,000 K.

3.2. Line Intensity Ratios

The measured line intensity ratios and the Ho and [O m1]
25007 fluxes are shown in Table 3. Owing to the uncer-
tainties in the HB and Ha lines in the inner knots, line
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F1G. 3.—Individual spectra of the four central knots in A30. As described in the text, we used the notation for the knots introduced by Jacoby (1979).

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1996ApJ...472..711G

714

GUERRERO & MANCHADO

Vol. 472

LN S B BN S S BN B B L B

LI B B B B

A L B B B B I S B

£ ]
16 ~Inner Envelope E
10 F .
—~ -
in ]
o< ]
- 1
" T T T T T T E
0 3
'E ]
o 3
=V1} 3
£ 1
(] ]
2 =
[ 3
(@] 3
N’
— ]
» ]
ézoo- E
Central Star

150

100 F

60 F
oE | PR PR B SR PR B | [P N U B B | =

3800 4000 4200 4400 4600 4800 6000 &

200 5400 65600 65800 6000 6200 6400 6600 6800

Wavelength [4]

F1G. 4—Individual spectra of the inner and o

strengths are tabulated relative to the intensity of [O mi]
A5007 (=1000).

Before performing any further analysis, we must consider
the contribution of the He 1 Pickering series to the hydro-

uter envelopes, and of the central star in A30

gen Balmer series, since our spectral resolution is insuffi-
cient to resolve these lines separately. This usually amounts
to a very small correction in PNs; however, in the knots’
spectra, where He 11 14686 is very strong, an important
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F1G. 5—Normalized spectrum of the central star in A30. Stellar features have been marked. The strong O vi and C1v lines are noticeable.
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TABLE 3
MEASURED LINE INTENSITY RATIOS FOR A30
Line Knot 1 Knot 2 Knot 3 Knot 4 Inner Outer
[O ] A3727 ceeneviiiieiaenne. 129+ 7 148 + 14 12249
[Ne m] 23869 ...covvvneenenennnnn 270 + 11 452+ 21 253+ 10 235+ 5
He + [Ne m] + He 1 13970...... 80 +9 125+ 15 85+9 75+5
[Su]A4072...covviiniininnnnnnnn. 32+6 39+ 10
CHoA267.cccviniiniiininninnnn. 32+6
[Om] 24363 ..covvvvniininnnnnnns 44 + 13 26 +7 159 + 2.8
He1 24471 ..covivniiiiinennnen 21+ 6 173 + 44
[Cma] A4647......cccvvnvinnenn... 4147 35+£5
He 1t 14686 .....c.cevvvvenennnnn. 200+ 9 154 + 22 181+ 3 63+3 191 + 20 499 + 50
[Nerv] 44715 cceeneeninnnnnnnn. 31+ 10 127+ 24 15+9 31+£3
[Nev] 44725 .ccevvivniininnnnnn 35+ 10 172 + 24 21+ 14 44 + 4
HB 861 ..ot 72+ 4.7 3.6 +42 174.21 432 + 53
[O m] 24959 ..cvvviniinininnennens 392+ 5 341 4+ 14 347+ 3 318+ 2 320 + 21 359 + 45
[O m] AS007 ....cvvvvvnninnennnnn. 1000 1000 1000 1000 1000 1000
Hem AS411 «ovevvenvvnenninnnnnn.. 254+ 6 31+ 6
He1 AS876 ...c.cccvvvvneiinnnnnnnne. 103+ 5 114+ 4 20.7 £+ 3.0
[N O] 6548 ..coevvniininiininnanen 39+6 38+3 193 + 24
Ho 246563 .oovvnneneinennennennnn. 34+8 50 4+ 20 3244 16.9 + 3.6 305 + 17 936 + 52
[N O] 26584 ....ccovvvniiinennnns 86 + 10 97+5 65+ 5
HI1A6678 .ccevvvinnenennennnnnnn. 35+5 282429 6.3+ 28
[Su] 46717431 ..ccvvnvnnennnen. 12.6 + 3.8
J 315 ) TS 9.2 5.1 15.2 9.2 55.5 123
F([O m] A5007)® ..ccvvvvrnennnnen. 271 103 476 548 182 131

® Dereddened fluxes in units of 10~ ergscm ™25~ 1.

fraction of the measured Hf and Ha flux might be due to
contributions of the He m 114860, 6560 Pickering lines,
respectively. The theoretical ratios of the flux of these lines
to the known flux of He m 14686° (Hummer & Storey 1987),
14860 = 0.0521(4686) and 16560 = 0.1361(4686), allowed us

3 It is also possible to scale these fluxes to the He 1 A5411 Pickering line,
but this is much fainter than the line 14686, and therefore we have pre-
ferred the latter. In any case, corrections from both lines are in agreement
within the errors.

to compute the fraction of the 144861, 6563 emission due to
He 1 lines.

Intensity ratios of the Ha and Hf lines in Table 3 have
been corrected for this effect. For Ha, the contribution of
He 1 16560 is 47%, 30%, 43%, and 34% of the total flux
measured at this wavelength in knots J1 to J4, respectively.
Figure 6 shows a spatial profile brightness of the Ha line at
the two slit positions, once the contribution from the line
He 1 46560 has been removed. The absorption corresponds
to the stellar position, since He 1 14686 is a strong feature of
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F1G. 6.—Brightness profile of the Ha line at the central knots position in A30. The two slit positions cover the four knots in the nebula. The continuum has

been subtracted as described in the text.
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the stellar spectrum. The positions of the various knots have
been marked in Figure 6.

Extinction correction is a puzzling question in A30. As far
as the surrounding nebula is concerned, no extinction cor-
rection was applied, according to the comparison of the
measured and theoretical (Brocklehurst 1971) Ha/Hp ratio.

This is in agreement with the reddening H 1 maps of
Burstein & Heiles (1982). In the central knots, the uncer-
tainty in the flux measurement of the Hp line does not allow
a reliable determination of the extinction. Cohen et al.
(1977) reported some extinction at the central star position
[E(B—V) = 0.30]. In this respect, the presence of dust-rich
material surrounding the central region of A30 (Dinerstein
& Lester 1984; Borkowski et al. 1994) may explain the exis-
tence of extinction inside the nebula. According to our data,
there is no indication of extinction in the central region,
therefore no extinction correction was applied.

3.3. Physical Properties and Chemical Abundances

Electron temperature, density, and ionic abundances
were computed from the line strengths using a program that
solves the statistical equilibrium equations for a 5 level
atom, written by Preite-Martinez. This program makes use
of the atomic constants listed by Mendoza (1983) and a few
more recent values (e.g., the Ne*™* collision strengths of
Butler & Mendoza 1984). The elemental abundances were
calculated according to the formulism of ionization correc-
tion factors (Kingsburgh & Barlow 1994). Helium abun-
dances are derived with the correction of collisional effects
(Clegg 1987).

We first consider the inner knots. We derived the electron
temperature from the ratio between the [O m1] auroral line
A4363 and the nebular lines 4144959, 5007. Since the auroral
line is faint, its measurement has severe uncertainties. In
knot J4, where 14363 has the lowest error, a value of
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14,000 + 1000 K was deduced, while in knots J1 and J3 the
temperature seems to be higher (17,000—19,000 K). Because
the error which affects these lines is higher, we will use the
value inferred for knot J4 for the other inner knots. This
value is in agreement with the value derived by JF83 and
Kingsburgh & Barlow (1994). An estimate of the electron
density can be obtained if the distance to the nebula and the
flux of a recombination line are known. Although the Hp
line flux is usually employed for this purpose, it is obviously
more useful in this case to use the line He m 14686. We can
then use expression (5) of JF83,

8 x 102
T rd

F(4686)<—N e Noer | 2) , (1)

N (rms) N N
Het+ Het+ +

where F(4686) is in units of ergs cm~2 s~ 1, r is the angular
radius in arcseconds, d is the distance in parsecs, and the
electron temperature is 15,000 K. We adopted the same
initial assumptions for the ionic abundances as in JF83.
Once they were determined, we began an iteration process,
obtaining the values listed in Table 4. Distance was set at
1.7 kpc (Cahn, Kaler, & Stanghellini 1992), and the angular
sizes of each knot were taken from Borkowski et al. (1993).
An estimate of the masses of each knot has also been
included in Table 4. A density contrast is apparent between
the denser polar knots J1 and J3 and the equatorial knots
J2 and J4.

The chemical abundances of the knots are summarized in
Table 4. The most remarkable fact is the high ratio of He/H,
which rises up to 7 in knots J1 and J3 (the polar knots) and
is slightly lower in knot J4 (He/H ~ 4). If we assume that
helium has not been converted into carbon and oxygen, the
present amount of helium is the sum of the initial helium
plus the newly created helium, which is a quarter of the
difference between the initial and final number of hydrogen

TABLE 4
ABUNDANCES OF A30

Plasma Diagnostics and

Chemical Abundances Knot 1 Knot 2 Knot 3 Knot 4
tfOMm] covvvenenninennnn. 1.4? 1.4 1.4° 1.4+0.1
N,(m ™ 3).virinanen. 2100 120 2700 250
M (x10° Mgy)........... 2.7 6.8 34 124
O**/H* x 10* ......... 110+ 1.8 75+ 13 116+ 19 223 + 3.6
O*/H* x 10* ........... 1.7+ 04 2.1+06 33+0.8
O/H x 10*............... 152 4+ 3.8 16.3 + 3.7 32.5+ 8.8
N*t*/H*' x 10° ........... 6.6 x 1.5 78+ 1.3 10+ 2
N/Hx10%......oenenens 59 62 100
St/H* x 107 ............ 1947
SHx107......ccuvenen.. 170
Nett/N* x 10* ........ 56+12 33+11 232+ 4.7 48 + 11
Ne/N x 10*.............. 7.7 7.8 144
He*/H* (4471).......... 3.8+20 32+12
He*/H™* (5876).......... 69 + 1.7 80+ 12 2.8+ 09
He*/H™* (6678).......... 73426 62+ 14 27+ 16
He*/H™" (average) ...... 59+ 1.2 58+ 0.7 28 +0.7
He**/H" covevevninennn. 1.8+ 0.5 1.0+ 0.5 1.7+03 12403
He/H ...ooovvvvninenennnn 77+ 1.7 7.5+ 1.0 40+ 1.0
NY/OF coviiiiiiiiienns 0391313 0.38%93:21 0311315
Ne/O cvvviiininninnnen 0.51*9:21 0.8619:28 0481922 04419518
O/H® x 105.............. 6.7 74 26.8
N/H® x 105.............. 2.6 2.8 8.2
Ne/H® x 10° ............ 34 35 119

® Value assumed from knot 4.
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atoms, namely,

No(H) — N(H)
. ?)

Introducing the initial and final ratios between helium and
hydrogen, the ratio between the initial and final hydrogen
number turns to be

N(H) _ 1+ 4[Ny(He)/No(H)] 3)
NoH)  1+4[N(He)/NH)]

Assuming an initial ratio No(He)/N ,(H) = 0.10 would mean
that 95% of the original hydrogen has been converted into
helium in knots J1 and J3, while in knot J4 it amounts to
90%.

In Table 4 we have also included the abundances of
heavy elements relative to the initial hydrogen abundance.
We can express this as

NX) NEX) {1 + 4[Ny(He)/N o(H)]} @
NoH) N@MH) | 1+ 4[NHe)/NH)] |~

Expressed in this way, oxygen and nitrogen abundances in
knots J1 and J3 are an order of magnitude lower than the
typical values found in PNs, while J4 has a more normal
content of heavy elements. The ratio N/O is ~0.35, similar
to the value reported for type II PNs.

Neon is also low in knots J1 and J3, but only a factor of 3
lower than the average value found for PNs. The ratio
Ne/O is relatively high, with an average value ~0.5. In
knots J2 and J4, the lines [Ne 1v] 114715, 4725 are promi-
nent, and an abundance calculation of Ne3*/H™ is unreli-
able. This is also the case for the central region of A78
(Manchado, Pottasch, & Mampaso 1988). It seems that the
temperature must be higher in the Ne3* zone.

If we had adopted the extinction correction (cyz = 0.4) of
JF83, some changes would be expected in the above results.
First, we would find higher* electron temperatures (T, ~
17,000 K), and consequently heavy-element abundances
would be lower by a factor of 1.5. The ratio N/O would
decrease to ~0.3, and helium abundances would fall by
~10%.

For the surrounding nebula, we computed N (rms) from
the Hp flux according to expression (V.5) in Pottasch (1984,
p. 106):

N(He) = N,(He) +

0.887]1/2
N (rms)e'/* = 2.74 x 10{%] ,

where € is the filling factor, F(Hp) is the dereddened flux of
the Hp line in units of 10~ ! ergscm =25~ !, ¢t = T,/10,000, 6
is the angular radius in arcseconds, and d is the distance in
kiloparsecs. The derived density is ~20 cm™~3 (e = 0.7), the
ionized mass being ~0.1M. Since no diagnostic lines for
the electron temperature are present in these spectra, we
have not been able to calculate them. In order to investigate
the chemical abundances of the inner and outer shells, these
were computed for electron temperatures ranging from
10,000 to 20,000 K. As chemical abundances—especially of
the O** ion—are very sensitive to electron temperature,
only broad limits can be established.

The envelopes that surround the central part of A30 are
of very high excitation. Apart from Hx and Hp, only strong

4 Surprisingly, after correcting their reddening data , JF83 found a value
of T, ~ 15,000 K, similar to ours.
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He 1 44686 and [O m1] lines are detected. Neither lines from
low ionization stages nor He 1 are seen in the spectra.
Although this information might seem scanty, some conclu-
sions can be drafted.

The lack of low-ionization lines and the high He 1 14686
to Hp ratio (2 1.1) indicate that the nebula is density-
bounded and optically thin in the hydrogen Lyman contin-
uum. On the assumption that the nebula is a sphere filled
with gas of constant density and that the stellar spectrum
resembles a blackbody spectrum, we used the code
CLOUDY (Ferland 1990) to compute the nebular spec-
trum. Using the nebular radius, we adjusted a stellar tem-
perature of 100,000 K to match the observed spectrum. The
choice of a blackbody law for the stellar spectrum is not a
critical point, since the nebula is strongly density-bounded
and the stellar spectrum below 54 eV has practically no
effect at all on the nebular spectrum.

The He™ * abundances are ~0.13, without showing any
difference between the inner and outer parts of the envelope.
Since there is no indication of He 1 lines, only upper limits
can be established. Taking into account the uncertainty in
the flux measurements, an intensity of the He 1 A5876 line
less than 10% that of Ha would elude detection. Therefore,
He*/H* < 0.02 and the total helium abundances are found
to be between 0.13 and 0.15.

Finally, spectra from the inner and outer parts of the
envelope differ clearly. The ratio I([O m A5007])/I(Hp) in
the inner region is 2.5 times greater than in the outer
envelope. Assuming a constant oxygen abundance and the
same ionization fractions, material in the inner region
would present a higher electron temperature (by 5000 K)
than in the outer region. Howeyver, it seems unlikely that the
same ionization fractions should apply in both regions,
since the high T, of the central star would ionize the
oxygen at higher stages of ionization than O** near the
star (no emission from low ionic species, such as O™, is
detected). Therefore, we should expect to detect less [O m1]
emission from the inner regions. An alternative explanation
is that some of the hydrogen-poor material of the knots is
being driven into the inner envelope (Borkowski et al. 1993),
enhancing the abundances of He, C, N, O, and Ne. It is still
difficult to explain how the small amount of mass contained
in the inner knots [M(envelope)/M(inner knots) ~ 400]
might contaminate the outer envelope, and, in fact, we do
not find any difference in the helium abundances between
the inner and the outer envelope to support this idea. It is
unclear whether the higher I([O m] A5007)/I(Hp) ratio in
the inner envelope is a result of differential enrichment or of
the existence of a different excitation mechanism from the
one in the outer part of the envelope.

4. AS8

4.1. Spectral Analysis

Figure 7 (Plate 15) shows the spectral region of the two-
dimensional spectrum around the Ha and [N m] lines.
Emission of hydrogen lines is clearly blueshifted at the
central knot position, thus indicating that hydrogen is
present. Our spectra also show blueshifted emission of the
[Om],[O ], [O1],[S], and He1lines.

One-dimensional spectra of the outer nebula and the
central knot are presented in Figure 8. The blue and red
parts of the spectra are shown separately. A magnification
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FiG. 7.—Two-dimensional spectrum of A58 showing the spectral region of the [N ], Ha, and [S ] lines. Emission from the central knot appears clearly
blueshifted with respect to the nebular emission.
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FiG. 8—Individual spectra of the central knot and the envelope of A58

of the Ha region has also been included, in order to
compare the emission from the nebula and the central knot.
The nebular contribution to the central knot emission has
been removed by fitting a continuum to the spatial profile of
the lines.

The central knot spectrum is not only characterized by
poor hydrogen emission; it also exhibits bright [O 1]
A46300, 6363 and [O ] 447320, 7330 lines, as well as the
characteristic C v Wolf-Rayet feature at 5801, 5812 A cor-
responding to the star. Although our spectral resolution
does not allow an accurate estimate of the width of the lines,
they are broader than in the nebular spectrum (a fact pre-

viously reported by Pollacco et al. 1992, who found broad
[N 1] lines). The FWHM corresponds to ~180 km s~ for
the Ho and [N 1] lines and is lower for the [S ] lines
(FWHM ~ 100 km s~ '), while [O m] lines have a FWHM
of ~230 km s~ . However, we are able to measure the
velocity of the knot, relative to the nebular lines of A58, for
different emission lines. A shift of ~ —140 km s~ ! is found
for various lines (He, He 1, [N ], [S ], and [O 1]), while a
different shift is found for the [O mr] line (~ —100 km s~ 1).

The nebular spectrum is of low excitation, the high-
excitation He m 44686 line being 10 times lower than H.
The [O 1] 45007 A line is only 1.6 times HB.

TABLE 5
INTRINSIC LINE INTENSITY RATIOS FOR AS8

Line 0] Knot and Star Main Nebula
[Om] A3727..ccvvvniniinininininns 0.265 89 + 31
[Ne m] A3869......cccoevvvernenene 0.228
He + [Ne mr] + He 1 43970 ...... 0.203 70+ 2.6
HO 24101 ...ovvvvvniiniiiiniininnens 0.172 75+ 26
Hy 24340 ....coviniinininiinennnns 0.129 15.5+43
He o 24686.... 0.042 38+10
Hp 24861...... 0.000 351457
[Om] 24959 ...ccuvviniininininens —0.023 464 + 69 23.0 + 3.6
[O m] A5007 ....covvvvvniininnnen. —0.034 1448 + 4.7 57+8
[NI] AS755..ccciiiiininininincnnn. —0.191 30.8 + 2.8
C1v A5801+12 WR .............. —0.201 331422
He1 45876 ...cvvvvvniviiniininnnns —0.216 54 + 43 6.7+08
[O1] 246300 ......cvvvinnininnennn. —0.285 482 + 14
[O1] 26364 .....cccvvvvnininnnns —0.294 162+ 5
[N 1] A6548....cccccvvvninininannn. —0.321 350+ 9 42.8 + 0.6
Ho 46563 ..cvvvviniiniiiiiiininnens —0.323 100 100
[N ] A6584....cccccvvvnninninnnn. —0.326 1144 + 28 130+ 1
He1 46678 ...ccvvvvviiniinininnen. —0.338 2.1+04
[SH] A6717 «.ovvvniininininininnns —0.343 246 + 1.5 223+ 0.5
[Sm] A6731 coevvniniinininiinnnn, —0.345 372+ 19 17.8 £ 0.5
[Ar v] A7008......ccocvvvnininenens —0.380 36+ 16
He1 A7065 ...covvvvvniininninnnnnn. —0.386 79+4
[Ar m] A7136 ..cccoevvvnininennnn. —0.395 166 + 7 10.1 + 0.8
[O O] A7320...cccviniininninnnnen —0.420 654 + 30
[O ] A7330....cccuininiininininens —0.420 548 + 25
B 0 2 1) R 59 679

® Dereddened fluxes in units of 10~ 1 ergs cm ™

2871,
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4.2. Line Intensity Ratios

The un-dereddened intensity ratios relative to the inten-
sity of Ho (=100.0) and the Hax fluxes are shown in Table 5.
Extinction correction was performed by comparing the
measured and theoretical (Brocklehurst 1971) Ha/Hp ratio
in the nebula. The interstellar extinction coefficient
obtained was cyz = 0.29. There is some evidence that
extinction in the central knot is higher than in the outer
nebula, but the uncertainty in the measured Ha/Hp ratio is
so large than we have decided to adopt the same value as in
the surrounding nebula. A similar effect has been observed
in A30, where no extinction seems to affect the outer nebula,
while the inner knots show evidence of reddening. These
facts can be related to the high IR flux measured in these
objects (Pottasch et al. 1986), pointing to the presence of
large amounts of dust in the central regions.

4.3. Physical Properties and Chemical Abundances

In order to calculate the plasma diagnostic parameters
and chemical abundances of A58, a similar procedure to
that used for A30 was applied. As regards the central knot,
the density-sensitive [S m] 4146717, 6731 doublet lines yield
an electron density of 2600 cm ™3, a value similar to that

TABLE 6
PHYSICAL PARAMETERS AND ABUNDANCES OF A58

Plasma Diagnostics and

Chemical Abundances Knot Main Nebula
N [Sm] .oovvvnivninninnn 2600439 200
EINO] e 1.245 4+ 0.035 1.0*
O**/H* x 10° ......... 51+14 6.0+ 0.8
O*/H* x 10° ........... 1067 + 214 9.7+ 3.0
O%H™* x 10°............ 130 + 16
O/H x 105 ............... 16.7 + 40

THY x 105 ........... 38+ 4 7.10 + 0.05
N/Hx 10%...ccccvenenens 122 + 6.0

THY x107............ 36+5 26.6 + 0.6
SH x 107.....cccuenn.n.. 177
Artt/H* x 108......... 21+ 4 2.6+ 0.2
Ar*t/H* x 10° ......... 1.5+07
Ar/H x 108 .............. 49
Het/H" .oooiviniiininn, 1.24 + 0.15 0.137 + 0.004
Het*/H* (.oovenenenen. 0.013 4 0.005
He/H ...ooovvvvvvnnnenn. 1.24 +90.15 0.150 + 0.009
HY/O" iiviiiiiininns 0.73%3:32

2 Assumed value.
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reported in the central knots of A30. The electron tem-
perature was computed using the ratio between the [N 1]
auroral 45755 and the nebular lines 116548, 6584. The value
found is T[N m] = 12,450 + 350 K. For the outer nebula,
the electron density estimate is N,[N 1] =200 cm 3.
Owing to the lack of electron temperature diagnostic lines
in this region, T, was assumed to be 10,000 K.

Table 6 shows the physical parameters and chemical
abundances found in the knot and in the outer nebula. The
helium-to-hydrogen ratio is extremely high in the central
knot, reaching a value of 1.24, which, according to equation
(3), means that 75% of the initial hydrogen has been burned
into helium. In the outer nebula we found typical abun-
dances of a type I PN, with helium and nitrogen abun-
dances enhanced (He/H ~ 0.15, N/O ~ 0.7).

The oxygen abundances are unreliably high in the central
knot, and the reason for this is that forbidden lines are
excited by shocks. In fact, even assuming that hydrogen has
been reduced by a factor of 4, the high [O 1] 16300 and
[O ] 447320, 7330 to Hu ratios found [1(6300)/I(He) ~ 5
1(7320+7330)/I(Ha) ~ 12] provides definitive evidence to
support the presence of excitation by shocks in the central
knot of A58 (Hartigan, Raymond, & Hartmann 1987).

4.4. The Central Knot

The central star (V605 Aql) of A58 experienced a nova-
like event in 1919 (Lundmark 1921). At that time, material
was presumably eJected from the central star and has been
expanding ever since. However, the central knot could not
have been spatially resolved previously. The high spatial
resolution of the images obtained at the NOT (the FWHM
of stars in the field is 0755) have allowed us to discern the
existence of diffuse emission in the line [N 1] 16584 sur-
rounding the brighter central region. Figure 9a shows a
contour of the central knot of A58 in this line. The point-
spread function of the central region has a stellar profile
with a FWHM of 077. According to Bedding & Zijlstra
(1994), a diameter of 170 can be computed using as a model
a disk of uniform surface brightness.

In order to show more clearly the diffuse emission sur-
rounding the central part, the point-spread function was
calculated from stars in the field and subsequently sub-
tracted. The result is shown in Figure 9b. Emission is found
on both sides of the center at P.A. ~220°, although it is
brighter and more extended toward the southwest (radius
~1%4). A peak appears in this direction at ~0775 that can
be interpreted as an ejected knot.
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F1G. 9—Contour profiles of the central knot of A58 (a) before and (b) after subtracting the central starlike emission. For comparison, the same is shown
for a field star in (c) and (d). No significant residuals are found in the last case. The minimum contour is 3¢ over the background, and the contours are

logarithmic, separated by a factor of 1.5 in intensity.

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1996ApJ...472..711G

720 GUERRERO & MANCHADO Vol. 472
TABLE 7
CHEMICAL ABUNDANCES IN HYDROGEN-DEFICIENT KNOTS
Object He/H O/H, N/H, N/O X Y Z, Zy
A30 knot J1 .............. 7.7 6.7 x 1075 2.6 x 10”3 0.39 0.031 0.967 7.5 x 1074 2.6 x 1074
A30 knot J2 .............. >1.0
A30knotJ3 .............. 74 74 x 1075 2.8 x 10~3 0.38 0.032 0.966 8.4 x 10~4 2.8 x 1074
A30knotJ4 .............. 40 2.7 x 1074 8.2 x 10°° 0.31 0.059 0.937 30x 1073 82 x 1074
A58 knot®................. 1.2 8.7 x 1073 3.1 x 1074 0.04 0.160 0.795 32 x 1072 1.0 x 1073
A78knot®................. 2.7 56 x 1073 1.5 x 1072 2.7 0.062 0.666 0.122 0.106
IRAS 14514—5258°...... >04 >22 x 1073
Sun ...ooeiiiiiiiiiiinnn 0.10 8.5 x 1074 1.0 x 1074 0.12 0.704 0.282 9.6 x 1073 9.9 x 1074

® Nitrogen and oxygen abundances calculation affected by shock excitation.

b Manchado, Pottasch, & Mampaso 1988.
¢ Manchado, Garcia-Lario, & Pottasch 1989.

Through their high-resolution spectra, Pollacco et al.
(1992) proposed the existence of a collimated outflow of
which only the front side is observed while the rear side
remains partially obscured. Since the expansion velocity of
the ejected material (blueshifted by 120 km s~ ! with respect
to the nebula), and its age (76 yr) are known, some relations
can be worked out on the assumption that the material
expands at a constant velocity. Let i be the outflow inclina-
tion angle with the line of sight, D the distance to the nebula
in kiloparsecs, and v the expansion velocity in kilometers
per second. Then

. D 120
tan i = 1.48 38 5 ©6)

and an inclination of 56° results at a distance of 3.8 kpc
(Maciel 1984). The size of the ejected outflow is 1.7 x 10~2

pec.

5. DISCUSSION

5.1. Chemical Composition

The chemical abundances of the central knots and the
outer envelopes of the hydrogen-poor PNs A30 and A58
have been studied in §§ 3 and 4. Here we include the results
for other objects belonging to this group, such as A78 and
IRAS 14514 —5258. Table 7 contains the chemical composi-
tion of the central knots of A30, A58, and A78, and of the
PN IRAS 14514 —5258, as well as the chemical abundances
relative to the original hydrogen according to equation (4).
The chemical composition of the Sun has been included for
comparison (Grevesse & Anders 1991).

The main characteristic of these objects is the extreme
hydrogen deficiency in the knots located near their respec-
tive central stars. Assuming an initial helium-to-hydrogen
ratio of 0.10 for the progenitor star, it means that a signifi-
cant fraction of the original hydrogen (between 75% and
95%) has been converted into helium. Therefore, the
extreme chemical composition of these knots indicates that
we are observing material which has been processed
through complete nuclear burning of hydrogen, rather than
enriched material as the result of a dredge-up process.

It is interesting to note that the abundances of heavy
elements are, however, very different among these objects.
While A30 knots J1 and J3 (the polar knots) exhibit the
highest He/H ratio (~7.5), they are deficient in heavy ele-
ments if referred to the original amount of hydrogen
(O/Hy ~7 x 1075, N/H, ~ 3 x 1075) (Grevesse & Anders
1991). In contrast, A78 central regions are overenriched

both in helium and heavy elements (He/H ~ 2.7, O/H, ~
6 x 1073, N/O ~ 2.7). The A58 central knot has a lower
He/H ratio, while it has the highest O/H, and the lowest
N/O ratio. However, the reader should bear in mind that
there is likely to be shock excitation of the plasma in this
region.

There is a trend that indicates that helium and oxygen
abundances are anticorrelated. The high oxygen and nitro-
gen abundances found in A58 and A78 might indicate that a
portion of the recently formed helium was converted into
fresh oxygen and nitrogen. This process does not seem to
have occurred in A30 knots J1 and J3. If we apply equation
(4) to helium, we infer higher He/H, in knots J1 and J3
(~0.34, 0.36 being a total conversion) than in A58 and A78
(~0.30). The difference found can account for the higher
oxygen and nitrogen abundances detected in the central
regions of these nebulae. Therefore, although all these
objects have high helium abundances, the exact chemical
composition differs among them, thus suggesting different
physical conditions at the time when the helium shell flash
occurred and during the born-again phase.

Another interesting point is the chemical segregation
among knots J1 and J3 in A30 (the polar knots) and knot
J4, which exhibits lower He/H (~4.0) and higher heavy-
element abundances. It confirms the chemical segregation
between knots J3 and J4 previously suggested by JF83.
Bearing in mind the kinematics of these knots, knots J2 and
J4 were ejected first, forming a ring or torus which colli-
mated the polar knots J1 and J3 ejected afterward. The
ejection of material at different times would lead to the
chemical segregation described, via a fast change of surface
abundances.

The outer parts of these nebulae have hydrogen-rich
chemical compositions. The helium abundance of the A58
outer envelope is He/H = 0.15, while the N/O ratio is ~0.7.
This means a high mass (~5 M) progenitor star (Becker &
Iben 1980). In the case of A30, the outer nebula helium
abundances (He/H ~ 0.13—0.15) are not so extreme and we
do not have information on the N/O ratio.

5.2. The Evolutionary Path of Hydrogen-poor PNs

It is clear that the knots near the nuclei of the hydrogen-
poor PNs are due to a secondary ejection of material which
occurred recently The current interpretation for this pecu-
liar kind of object is that they are “born-again” AGB stars
(Iben et al. 1983); that is, they were PNNs that suffered a
final thermal flash. During the thermal pulse, the hydrogen-
rich material, confined to a thin surface layer of the star, is
partially absorbed by the convective shell produced by the
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TABLE 8
EXPANSION AGE AND INTERSHELL TIME LAP

INNER KNOTS OUuTER NEBULA
DISTANCE Diameter Vexp Diameter Vexo Age ATershent
OBJECT (kpc) (arcsec) (km s™1) (arcsec) (km s™1) (y1) (yr)
A30 ...... 1.7* 10-14 25-50° 750-2200 130 40° 13000 1100-12000
A50 ...... 3.8¢ cen . 40 31f 23000 23000
AT8E...... 1.6 72 43 125 30 34000 25000

® Cahn, Kaler, & Stanghellini 1992.
b Jacoby & Chu 1989.

¢ Reay, Atherton, & Taylor 1983..

4 Maciel 1984.

¢ Lundmark 1921.

f Pollacco et al. 1992.

8 Ho et al. 1996.

helium burning. Consequently, any later ejecta of material
are highly processed. At present the PNNs are evolving
again to higher surface temperatures. They are in fact Wolf-
Rayet stars, as in the case of A30, which shows a high
temperature and luminosity, while A58 has lower lumi-
nosity (magnitude ~20) and presumably lower effective
temperature.

If the distance to the PN is known, the kinematical age of
the outer shells and the recently ejected knots can be estab-
lished roughly from their expansion velocities and radius or
distance to their central stars. Using the more recent data,
these values are summarized in Table 8. The time elapsed
between the ejection of the nebular envelope and the ejec-
tion of the central knots is 12,000 yr for A30, 23,000 yr for
A58, and 25,000 yr for A78. Although this period of time
depends on the mass of the PNN (e.g., more massive PNNs
evolve faster, since they burn their hydrogen envelopes at
higher rates), it is especially dependent on the mass of the
hydrogen-rich envelope of the PNN prior to the helium
shell flash (Iben 1984), and on the mass-loss rate during the
post-AGB phase (Schonberner 1979). Accordingly, PNNs
which retained more massive hydrogen-rich envelopes will
evolve more rapidly and suffer a post-AGB helium flash
over a shorter timescale. Since Table 8 reveals that in A30
the time elapsed between the formation of the nebula and
the ejection of the central knots is roughly half the time for
A58 and A78, the envelope mass of A30 should be the most
massive. It is interesting to note that the He/H ratio found
in A30 is far higher than in the other nebulae. A likely
connection between the helium and oxygen enrichment in
the central knots, and the time required for the late helium
shell flash and the envelope mass on the post-AGB phase
can be speculated on. In fact, the time that the model spends
as a born-again AGB star (Iben 1984) increases linearly
with the envelope mass. We proposed that a longer period
of time in the born-again AGB phase would allow the con-
vective mixing to take place over longer timescales, thus
increasing the efficiency of the whole process and the
amount of pure helium brought up to the surface of the star.

A30, A58, and A78 are different views of the same evolu-
tionary process. A PN is ejected, and under certain condi-
tions the central star experiences a thermonuclear runaway
after 10,000—20,000 yr, like those experienced by V605 Aql
75 yr ago. The material just ejected expands and is excited
via shocks, due to the high velocities and densities involved,
as is occurring in the central knot of A58. The energy depos-
ited inside the nebula by this shock and the variations that

follow in the central star’s spectrum will eventually excite
the PN itself, which explains the different excitation
detected between A58 (typical of a very old PN) and A30
and A78, where most of the helium is found as He™ *. At the
same time, some material from the central knots may diffuse
(Borkowski et al. 1993) from the innermost regions, swept
up by the strong stellar wind. As a result of this, the inner
regions of the envelope might suffer from contamination
from hydrogen-exhausted material. The final scenario
might be a very hot hydrogen-deficient central star sur-
rounded by an old, albeit very excited, PN, as is the case of
K1-27 (Rauch, K6ppen, & Werner 1994).

Although the theory explains the hydrogen-deficient
composition of the inner knots, there are some difficult
points. First, it is hard to find an interpretation for the
chemical segregation among the knots of A30, since, theo-
retically, the hydrogen-exhausted material is ejected in a
short timescale (1000—4000 yr) during the born-again AGB
phase (Iben 1984). A fast change of the stellar surface chemi-
cal abundances is needed in order to modify the chemical
composition of the material ejected, as well as the addition
of angular momentum to allow an equatorial ring to form
and to collimate the polar ejection. The scenario proposed
by Soker & Livio (1994) (i.e., an evolved nebula flowing
back and undergoing accretion by the central star) can
account for the presence of polar knots if angular momen-
tum is present in the nebula. This idea needs further investi-
gation in order to find out whether different chemical
compositions are allowed.

Second, theoretical predictions on this subject
(Schonberner 1979) indicate that post-AGB stars of less
than 0.6 M may only experience a late helium shell flash
and undergo the born-again process. However, the chemical
abundances of the outer nebulae of A58 and the mass of the
central star of A30 and A78 (~0.7 M y; Heap 1982) suggest
that their progenitors were originally more massive stars.

5.3. The Frequency of Hydrogen-deficient PNs

The frequency of hydrogen-deficient PNs is very low.
Only five PNs (over ~ 1500) are known to share their pecu-
liar features. There are different reasons that account for
this fact. First, the hydrogen-poor knots contain a small
amount of mass ($10™* M in A30 knots) and have high
velocities (~150 km s~ ! in A58). It is therefore reasonable
to assume that in a short timescale they expand and dilute
into the surrounding nebula. According to the dynamical
ages of the knots in the objects that we have studied, they
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will be not visible in a few thousand years (2000-3000 yr).
Compared with the timescale of PNs, this means that we are
only able to observe between 1/10 and 1/15 of them
(~10%).

However, the small frequency of detections is not
accounted for. In addition, hydrogen-deficient PNs would
be very exotic events occurring to stars which follow very
particular evolutionary tracks. Iben (1984) explored the
probabilities that the central star of a PN evolved into a
“born-again” phase. Depending on the mass-loss rates
assumed during the post-AGB evolution, between 10% and
20% of these stars experienced a late helium shell flash.

Since the chemical abundances have been calculated for a
sample of ~300 PNs (Aller & Keyes 1987; Koppen, Acker,
& Stenholm 1991; Perinotto 1991), the number of
hydrogen-deficient PNs expected in this sample is
300 x 0.10 x 0.15 ~ 4. This value is in agreement with the
number of known objects.

6. SUMMARY

We have studied the chemical abundances of the central
knots of A30 and A58 in detail, as well as their surrounding
envelopes. Dynamical ages of the outer envelopes and
stellar parameters have also been considered in this investi-
gation.

Given that A30 and A58 are objects whose inner knots
are almost hydrogen-exhausted, a special effort has been
made to measure accurately the emission from the hydro-
gen lines. In particular, we found that previous studies of
A30 overestimate the content of hydrogen due to the contri-
bution of the He 1 series lines to the lines of the Balmer
series. A chemical segregation among the polar knots J1
and J3 and the equatorial knots J2 and J4 is confirmed, the
former having higher helium abundances. In A58 we found
hydrogen emission in the inner knot that had not been

reported previously, allowing the hydrogen depletion to
be determined. We also came across evidence of shock
excitation.

There is a significant trend towards finding higher oxygen
abundances in those knots where helium abundances are
lower. This might indicate the existence of processes which
burn helium into heavier elements. In addition, higher
helium abundances seem to be related to the shorter time
elapsed between the formation of the nebulae and the
helium flash, which theoretically means higher envelope
mass on the post-AGB phase. We suggest that the higher
He/H and lower oxygen abundances are related to the fact
that they remain for a longer period on the born-again
AGB phase, which allows greater amounts of completely
processed material to be dredged up to the surface. This
point would require further theoretical investigation.

Another interesting point refers to the chemical abun-
dances found in the outer nebulae of A58, which are typical
of type I PNs, with He/H ~ 0.15 and N/O ~ 0.7. This defi-
nitely indicates that the progenitor of A58 could not be a
low-mass star (~ 1.5 M ).
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