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ON THE NATURE OF THE UNUSUAL NEBULA PL1547.3-5612

Marfa Teresa Ruiz!

Departamento de Astronomia
Universidad de Chile

RESUMEN. Con el fin de determinar la naturaleza de PL1547.3-5612, se
investiga la consistencia entre la informacion sobre esta nebulosa,
obtenida de las observaciones y las distintas hipotesis sobre su origen.

ABSTRACT. In an attempt to.understand the nature of PL1547.3-5612, a
comparison is made between the observed characteristics of this nebula
and the several different hypotheses for its origin.
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I. INTRODUCTION

PL1547.3-5612 was identified by van den Bergh (1979) as a planetary nebula, because of
its ring-like appearance of about 1.5' in diameter, in an Ha plate taken by him at the prime
focus of the 4 m telescope of CTI0O. Milne et al. (1979) reported that no emission from
PL1547.3-5612 was detected in a survey with the Fleurs Synthesis Telescope at 1415 MHz.

Long slit spectrophotometry of PL1547.3-5612 (Ruiz, 1983) showed an unusual spectra with
very prominent [NII1A\6548,6584 lines, suggesting the presence of gas with an abnormally high
N abundance. The value of the Ha/HB ratio measured at positions C and D (see Ruiz, 1983),
indicated a distance of about 4 kpc from the Sun. At such a distance the ring should have
a diameter of 1.2 pc with a thickness of 0.2 pc. Considering a density of about 300 cm=3,
given by the [SII1AA6717,6731 lines, the mass contained in the ring should then be 4 Mg.

I1. OBSERVATIONS

During 1983 and 1984 several spectrograms were obtained, centered on different positions
in the nebula. The spectrophotometry was done using the 1.5 m and 4 m telescopes of CTIO
equipped with a Cassegrain spectrograph and a SIT Vidicon detector. The spectra obtained
covered the range between 3700 A and 7000 R with a 10 R spectral resolution. The data reduc-
tion was performed using the CTIO La Serena Computer Center.

ITI.. RESULTS

In order to get accurate fluxes of weak lines, like HB, the spectra obtained in 1983
and 1984 had long exposure times, of about 40 minutes at the 4 m and 2 hours at the 1.5 m
telescopes.

The values of the Ha/HB ratio obtained for different posiiions in the nebula are given
in Table 1 and the positions are indicated in Figure 1.

1 Visiting Astronomer, CTIO, operated by AURA Inc., under contract to the NSF, AST 74-04128.
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FIGURE 1. Positions where the spectra were taken are indicated over an Ho plate of PL1547.3-
5612 taken by S. van den Bergh (1979).

TABLE 1
Position Ha/HB [NI1]6584/Ha [0II1]5007/Hg
1 3.5 6.2 1.4
2 10.0 4.3 6.0
3 7.0 2.5 4.4
4 340 (:) 3.2 314 (:)
5 6.0 5.0 3.5
6 7.0 5.0 3.0
7 5.0 5.0 1.4
8 8.0 2.2 5.5

(:) Imprecise, Hg at noise level.

From the observed values of the Ha/Hg ratio one can see that the reddening changes from
one position to the next without showing any apparent large scale distribution. The visual
absorption goes from Ay ¥ 0 at position 1 to about Ay = 7 mag at position 4. The near 0 ab-
sorption found at position 1 in the nebula means that the reddening found in other parts of
the nebula is just local, related to PL1547.3-5612 itself. Thus, the distance of 4 kpc ob-
tained by Ruiz (1983), taking the reddening observed at one position as interstellar and so
as a distance indicator, is an overestimate.

The average absorption towards the galactic position of PL1547.3-5612 and within 2 kpc
from the Sun is 1 mag (Lucke, 1978), thus, the value of Ay & 0 mag found at position 1, and
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considering the errors involved in measuring the Ho/Hg ratio, place this object at a distance
of 1 kpc or less.

The ratios [NII]A6584R/Ha and [0III] A5007R/H8 (see Figure 1 and Table 1), show a certain
fonization structure, with the highest ionization occurring inside the ring and also in the
northern half of it (positions 2, 3 and 4).

The densities obtained from the [SII1A)6717,6731 line ratios range from 100 cm-3 to
500 cm~3. The ratio Ho/[SII1AA6717+6731 is about 2 suggesting the possibility that the emit-
ting gas is being ionized by shocks (Sabbadin and Bianchini, 1977).

IV. DISCUSSION

In an attempt to try to understand the origin of this peculiar nebula, a discussion con-
sidering all available observations of PL1547.3-5612 and the different hypotheses for its ori-
gin is presented.

(a) PL1547.3-5612 as a SNR.

Favoring the SN origin for PL1547.3-5612 is the fact that the gas is overabundant in N,
and also that the small Ha/[SII] line ratio suggests the presence of shocked gas. Unfortu-
nately both characteristics have also been observed in a few low ionization planetary nebulae.

The absence of a visible photoionization source at the center (spectra taken of all the
stars inside the ring showed them to be ordinary red stars) favors the SNR hypothesis, none-
theless, this can be easily explained if the central star is very hot with most of its energy
emitted in the UV.

On top of the fact that there seems to be no strong evidence favoring the SNR origin, the
small size of PL1547.3-5612 constitutes a very serious additional argument against it. At a
distance of 1 kpc or less, the ring has a radius of 0.2 pc or less; such a small size implies
a very young SNR whose ejecta should not be observable as a SNR yet.

(b) PL1547.3-5612 as a nova shell.

The large overabundance of N observed in PL1547.3-5612 is consistent with that found in
nova shells, thought to be one of the main sources of N enrichment in galaxies (Williams,
1982). The strong and spotty reddening observed in PL1547.3-5612, suggesting the presence of
dust, is also quite consistent with the nova shell hypothesis. Novae have been found to have
large envelopes of dust surrounding them (Bode and Evans, 1983).

Taking, as typical values, for the mass of a nova shell Mys ~ 5 x 10-5 Mg, density
ne ~ 300 cm~3 (consistent with the value given by the [SII] lines) and a filling factor of
10% (Cohen and Rosenthal, 1983), one finds that the radius of the shell is rN = 0.026 pc, and
that locates PL1547.3-5612 at a distance of 130 pc, a value that is also compatible with the
absence of reddening found at position 1 in the ring.

The only piece of evidence against the nova shell origin is the fact that one would
expect to see the Main Sequence companion of the White Dwarf at the centér of the ejecta. If
we assume that the MS star has an absolute magnitude of M ~ +5, at a distance of 130 pc and
with 4 mag of absorption, one should see a star of about m =~ 14.6 maa, but the star at the
center of the ringhas m= 21 mag.

(c) PL1547.3-5612 as a planetary nebula.

The same as in nova shells, there are a few planetary nebulae that have been found to
have large N abundances and large dust envelopes, both consistent with the observations of
PL1547.3-5612.

© Universidad Nacional Auténoma de México * Provided by the NASA Astrophysics Data System



1986RWKAA. . 12. . 269R

272 M.T. RUIZ.

Considering a mass for the planetary nebula of Mp ~ 0.2 My (Osterbrock, 1974) and a
density of ng ~ 300 cm~2 (given by the [SII] lines), one finds that the ring would have a
radius of 0.19 pc at a distance of 950 pc for a filling factor of 100%, and for a filling
factor of 50% the radius would be 0.24 pc at a distance of 1200 pc. The sizes are reasonable
for a planetary nebula and the distances found compatible with observations of PL1547.3-5612.

As in the nova shell hypothesis, here, there is no strong evidence, considering the
available observations of PL1547.3-5612, contrary to a planetary nebula origin for this ob-
ject. The absence of a visible central star responsible for the ionization of the gas, can
be explained if the star has a high surface temperature, emitting most of its energy at
shorter wavelengths.

V. CONCLUSZONS

After the analysis, it seems that the presently available observations are equally
consistent with PL1547.3-5612 being a noxa shell or a planetary nebula. The spectroscopy of
PL1547.3-5612 was of low resolution (10 A), thus no velocity measurements were possible. A
determination of the velocity of the gas will help to decide between hypotheses (b) and (c),
because for nova shells one expects expansion velocities vyg ~ 500 km s-1, while for planeta-
ries it is less by an order of magnitude.
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