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RESUMEN

Se presentan datos espectroscópicos, imágenes en las principales ĺıneas ópticas
de emisión e imágenes infrarrojas para descubrir la presencia de hidrógeno molecu-
lar, de 14 nebulosas planetarias (NPs). Once de éstas satisfacen los dos criterios
que definen a las NPs de tipo I (ricas en helio con un alto cociente N/O). Todas
son clasificadas como bipolares, aunque dos de ellas (A 24 y M3-5) pudieran ser
bipolares vistas de frente o eĺıpticas. Hidrógeno molecular chocado está presente en
ocho de estos objetos, pero no en A 14, A 24 y M1-57. KjPn 6 fue tentativamente
clasificada como de tipo I, aunque su abundancia de helio es menor que el valor
prescrito y la suma de las abundancias de nitrógeno y ox́ıgeno es baja. Este objeto
está a unos 800 pc del plano galáctico, es bipolar y no contiene hidrógeno molecular.
La composición qúımica de A 24, A 79, M1-57 y Sh 1-89 indica que se produjeron
episodios de tercer dragado en su estrella progenitora. Se encontró evidencia de
choques en la componente ionizada de A79, M1-28 y NGC2818, y posiblemente
A 14, A 24 y K3-46. Un arco de emisión en la periferia de Wray 16-22, una NP
de tipo III, puede interpretarse como un choque de proa debido al movimiento
supersónico de este objeto en el medio interestelar.

ABSTRACT

Optical spectra, images in the main optical emission lines and IR images di-
rected towards the detection of molecular hydrogen, were obtained for 14 planetary
nebulae (PNe). Eleven of these comply with the two criteria defining a type I PNe
(He-rich with a large N/O ratio). All are classified as bipolar, though two of them
(A 24 and M3-5) are either bipolars seen pole-on or elliptical. Shocked molecular
hydrogen was detected in eight of these objects, but not in A 14, A 24, and M1-57.
KjPn 6 was tentatively classified as a type I PN, though its helium abundance is
smaller than the minimum prescribed value and the sum of its nitrogen and oxy-
gen abundances is low. The object is about 800 pc above the galactic plane, is
bipolar and shows no trace of molecular hydrogen. The chemical composition of
A 24, A 79, M1-57, and Sh 1-89 indicates that third dredge-up episodes occured in
their progenitor star. Shock waves are propagating in the ionized component of
A 79, M1-28 and NGC2818, and possibly A 14, A 24, and K3-46. An emission arc
in the periphery of Wray 16-22, a type III PN, may be interpreted as a bow shock
produced by the supersonic motion of this object in the interstellar medium.

Key Words: ISM: INDIVIDUAL (A24: A 79: KJPN6: M3-3: SH1-89:
WRAY16-22) — ISM: PLANETARY NEBULAE

1Based on observations collected at the Observatorio
Astronómico Nacional in San Pedro Mártir, B. C., México.

1. INTRODUCTION

Peimbert & Torres-Peimbert (1983) defined type
I planetary nebulae (PNe) as those where He/H ≥
0.125 and N/O ≥ 0.5. These large abundances can
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125,000 K. The hydrogen-burning models of VW94
and BL95 for ZAMS progenitors more massive than
3.5M� achieve this temperature either too early (be-
fore 1000 yr) or too late (after 30,000 yr). The evolu-
tionary track of the 3.0M� ZAMS progenitor model
from BL95 implies an age of 6000 yr (L = 4000L�)
or 8400 yr (L = 2800L�). In the VW94 H-burning
model for the 2.5M� ZAMS progenitor there is a
wider range: 1800 (L = 14, 000L�) or 14,000 yr
(L = 125L�).

f) K 3-91 As evinced by the intensity of [O III]
5007 (Table 2b), K 3-91 is one of the most highly
excited objects in the sample. Information on im-
portant emission lines at the blue end of the spec-
trum ([O II] 3727, [Ne III] 3869, and [O III] 4363)
could not be obtained since extinction is quite high.
Of particular interest is the strength of He II 4686,
which leads to very large values for the He+2/He+ ra-
tio (0.88) and the Zanstra temperature (250,000 K,
see Table 5). The latter is an overestimate since
the weakness of the O0 lines (which lead to a very
small fraction of neutral material, less than ∼ 5%)
and the non-detection of [N I] 5200 imply that K3-
91 is optically thin. Shock excitation can be dis-
carded since the sulfur lines are very weak when
compared to Hα. Abundances (Table 4a) were cal-
culated assuming that T (O+2) = T (N+) + 1000 K.
These indicate that K3-91 is a type I PN. From
the intensity of He II 4686, the relation provided by
KB yields T (O+2)/T (N+) = 1.44. Abundances re-
sulting from the oxygen temperature derived from
this relation (17,100 K) are as follows: He = 0.185,
O = 2.47× 10−4, N = 3.29× 10−4, S = 2.76× 10−6,
and Ar = 2.09 × 10−6. But these abundances are
suspect since this high temperature ratio is usually
found in objects where Hα/[S II] 6724 is also small
(BJ), which is clearly not the case in K3-91 (Ta-
ble 5).

The Zanstra temperature, though clearly larger
than the effective temperature of the central star,
does suggest that the latter is quite high and, in
consequence, that K3-91 is being illuminated by a
relatively massive and possibly young PNN, the end
product of the evolution of a star with a ZAMS mass
larger than ∼ 3.5M� (VW94 and BL95).

Images of K 3-91 are shown in Figure 7: (a)
[N II] 6584 (logarithmic scale), (b) [N II] 6584/Hα,
(c) H2, and (d) cK. There is no clear evidence of
a well developed bipolar morphology, though the
faint “fan” extending to the NW (seen in the [N II]
6584 image) may be an incipient lobe. If it is so,
K 3-91 is indeed a young PN, as the spectrum and

the Zanstra temperature combined with evolution-
ary models seem to imply. As in other bipolar PNe,
[N II] 6584/Hα is larger in the central torus than in
the arcs around it (e.g., K 3-72, BJ), and the emis-
sion of [O III] 5007 is concentrated in the central part
(this image is not shown). The presence of molecu-
lar gas is quite clear. This is in stark contrast with
the apparent absence of neutral material (at least
in the region covered by the spectral slit), and can
only mean that the photodissociation front is fol-
lowed very closely by the photoionization front. A
comparison between the H2 and cK images indicates
that most of the infrared emission seen in the H2
frame is probably due to shock excited H2, again a
typical feature of type I PN. An inspection of the
H2/cK image ratio (matching the background and
then the star counts) yields values of ∼ 3–4 in the
area where extended emission is seen in the cK frame
(to the west), which implies that infrared emission in
this region is due to dust or photoexcitation.

g) KjPn 6 From its spectrum and nitrogen tem-
perature (Tables 2b and 3) it can be established
that KjPn 6 is a low excitation optically thin object
with no shock excitation (Hα/[S II] 6724 = 26.6).
Since [O III] 4363 is absent, it was assumed that
T (O+2) = T (N+) + 1000. The non-detection of
[O II] 3727 implies that O+/H+ < 1.27×10−4, and
this number was assumed when abundances were cal-
culated. The resulting chemical composition (Ta-
ble 4a) is unexpected, regardless of the value as-
sumed for the oxygen temperature. The reported
He+ abundance (0.113) may be excessive since the
other He I lines yield smaller values: 0.079 from He I

4471 and 0.088 from He I 6678. On the other hand
He+2/H+ < 0.003 since He II 4686 Å is also absent in
the spectrum. Hence, the relative abundance of ion-
ized helium does not exceed 0.116, less than the limit
defining type I PNe. Notice too that the sum of the
oxygen and nitrogen abundances (< 3.46 × 10−4) is
characteristic of type III PNe (Peimbert 1990). This
is not unexpected since the object is at least ∼ 800 pc
above the galactic plane (Zhang 1995). In contrast
to these results, the nitrogen-to-oxygen abundance
ratio in KjPn 6 (0.94) is unquestionably that of a
type I PN. If there is a substantial amount of neu-
tral helium, which is not unlikely in this low excita-
tion PN, the two defining attributes of a type I PN
would be fulfilled. In order to be so, a second dredge-
up episode enhancing He and N at the expense of C
and O should have occured in the progenitor star in
the early AGB stage. To do so, the star must have
been more massive than ∼ 3M� when on the main
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Most of the [O III] 5007 emission is within this struc-
ture (frame d). The Hα/Hβ line ratio (frame c) is
nearly constant, which implies an almost uniform ex-
tinction for the nebula. The most interesting feature
in these images is the low emission arc (convex to the
NW) seen in the Hα frame. It can be interpreted as
a bow shock produced by the supersonic motion of
Wray 16-22 (towards the NW) with respect to the in-
terstellar medium. If so, the object is moving away
from the galactic plane.

4. CONCLUSIONS

1. The two primary criteria (He/H ≥ 0.125 and
N/O ≥ 0.5) defining type I PNe are fulfilled in A14,
A 24, A 79, K 3-46, K 3-91, M1-28, M1-57, M3-3,
M3-5, NGC2818, and Sh 1-89. Objects exhibiting
shocked molecular hydrogen are A 79, K 3-46, K 3-
91, M1-28, M3-3, probably M3-5, NGC2818, and
Sh 1-89. In all cases H2 was found to be close to the
region where [N II] 6584 emission is brighter, though
slightly further away from the geometrical center, as
predicted by models of H2 formation in PNe (Guerra
Aleman 2002). This stratification is clearly seen in
an RGB image of NGC2818 (Figure 14).

2. Shock excited H2 was not found in type I PNe
A 14, A 24, and M1-57. Two of these are evolved
objects (A 14 and A 24), but the spectroscopic and
imaging data for M1-57 indicates that it is a young
PN. Thus, the existence of shock-excited molecular
hydrogen is not only related to the progenitor mass
(i.e., the ejected mass), but also to the evolutionary
stage of at least some type I planetary nebulae. The
absence of molecular hydrogen in M1-57 is in con-
tradiction with models predicting a larger amount of
H2 in hotter stars (Guerra Aleman 2002).

3. The neon abundance of A 24, A 79, M1-57,
and Sh 1-89 suggests that third dredge-up episodes
occured in their progenitor stars. N/O and specially
He/H are very large in A 24 and A 79 (Table 5). It
is worth noticing that the central star temperature
is not too high in any of these objects.

4. Large T (O+2)/T (N+) ratios combined with
small values for Hα/[S II] 6724 were observed in A79,
M1-28, and NGC2818 (see Table 5). This combina-
tion was interpreted by BJ as evidence for the pres-
ence of shock waves in the inspected regions. Shock
excitation is also suspected in A14, A 24, and K3-
46, though the temperature ratio could not be deter-
mined.

5. Images of Hα/Hβ show that extinction is
asymmetric in M1-57, M3-3, and M3-5. This pecu-
liarity was also found in NGC6302 (Bohigas 1994),

where it was established that it is due to local and
as yet unexplained conditions.

6. Filamentary structures pointing towards the
central star were discovered in a [N II] 6584/Hα im-
age of A 24. These can be explained by temperature
variations not larger than ∼ 10%.

7. DeHt 3 is a type II PN with a He abundance
that is more common in type I PN, a situation that
has also been found in other planetary nebulae (BJ
and KB).

8. KjPn 6 is a bipolar planetary nebula with a
nitrogen-to-oxygen abundance ratio (1.38) indicative
of a massive progenitor. Other properties of this
object, such as its low helium, nitrogen and oxy-
gen abundances, the absence of molecular hydrogen
emission and the low temperature of the central star
suggest otherwise. The nature of this object is con-
fused even further by the fact that it is at least 800 pc
above the Galactic plane. It is suggested that KjPn 6
may be a type I PN produced by a star formed in a
high latitude low metallicity molecular region.

9. In this sample it is certain that the extremely
long off-centered quasi-filamentary [N II] 6584 struc-
tures in Sh 1-89 present the most interesting chal-
lenge for HD and MHD models for the structure
of planetary nebulae. These are not mirror images
of each other. The filaments are much fainter in
Hα, which implies that they are formed by mate-
rial ejected by the central star and are not excited
by an external source.

10. An emission arc in the NW edge of Wray 16-
22 is interpreted as a possible bow shock produced
by the supersonic motion of this object with respect
to the interstellar medium.

The author is grateful for the excellent assistance
provided by the staff of San Pedro Mártir and the
valuable comments given by an unknown referee.
Partial support from DGAPA-UNAM project IN-
105400 is acknowledged.
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Joaqúın Bohigas: Instituto de Astronomı́a, UNAM, Carretera Tijuana-Ensenada Km 103m 22860 Ensenada,
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