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Abstract. The interstellar Na1 D, absorption spectrum of 209
BAC, the WN 8 central star of M1-67, shows a total velocity
extent of 60kms™'. This is consistent with the spread of gas
velocities expected from galactic rotation, provided 209 BAC is at
a distance of 4-5kpc, implying that it is a massive Population I
WN 8 star surrounded by a stellar ejecta nebula. If M1-67 was a
planetary nebula at a distance of only 0.5—1kpc, the velocity
extent of the Na1absorption line should be 5—6 times smaller than
that observed. We suggest that similar observations should be
obtained of We 21, recently discovered by Duerbeck & Reipurth to
be a WNS star in a ring-like nebula.

Key words: interstellar medium: bubbles — shells — spectroscopy —
planetary nebulae: general — stars: Wolf-Rayet

1. Introduction

The Wolf-Rayet nature of the star 209 BAC (=WR 124; van der
Hucht et al. 1981) was discovered by Merrill (1938). A 1!5
diameter nebula (M1-67) around 209 BAC was discovered by
Minkowski (1946) during a Ho objective prism survey. Bertola
(1964) classified the central star as WNS, a classification which
subsequent investigations have not changed. Bertola noted that
WR 124 had a very high radial velocity (~200 kms™?; as does the
nebula: Cohen & Barlow 1975) and proposed that the object was a
planetary nebula (PN), as such representing the first example
known of a PN with a WN Wolf-Rayet central star (other WR
nuclei in PN all being of WC type). Bertola adopted a distance of
0.9 kpc for the system, from Perek (1963), who assumed that it was
an ordinary PN.

Cohen & Barlow (1975) argued that M 1-67 was a ring nebula
around a Population I WN8 star, similar to objects such as
NGC 6888 and NGC2359. Based on the WN& absolute magni-
tude calibration of Smith (1973), they estimated a distance to the
system of 4.3kpc and noted that such a distance was far more
consistent with the observed interstellar extinction to 209 BAC of
Ay =4.1mag than was the distance of ~0.9kpc that would be
implied if the object were a PN. Chu & Treffers (1981) refined the
classification of the M1-67 nebula from an interstellar wind-
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blown bubble to a nebula consisting mainly of stellar ejecta slowed
down by interaction with the interstellar medium.

Van der Hucht et al. (1985) found strong infrared emission
from M1-67 in the IRAS wavebands and estimated a dust
emission colour temperature of ~ 100 K. They noted that this was
close to the colour temperatures found in PN but warmer than
found in Population I Wolf-Rayet nebulae. They therefore argued
that M1-67 was a PN and estimated a distance of ~0.5kpc from
the optical angular radius and a statistical relation between dust
colour temperature and absolute PN radius.

A possible way to distinguish between the PN and Population I
Wolf-Rayet nebula hypotheses for M1-67 is to measure the
velocity extent of interstellar absorption lines in the spectrum of
209 BAC. In the direction of M1-67 (I=50°2, b= + 3°3), galactic
rotation will cause interstellar gas to show a strong radial velocity
gradient as a function of distance, such that the widths of
absorption lines towards objects less than 1kpc distant will be
much narrower than towards objects which are several kpc
distant. We have therefore obtained a spectrum of 209 BAC at the
wavelength of the Na1 D, line (5889.950 A).

2. Observations

The observation of 209 BAC was obtained on 1990 June 14 with
the coudé échelle spectrograph of the Mt. Stromlo 74-inch
telescope. The 130-inch focal length camera was used, giving a
dispersion of 0.53Amm™!, and the slit width was 900 um,
resulting in a velocity resolution of 10.8kms~! (FWHM). The
detector was a two-dimensional PCA (Photon Counting Array;
Rodgers et al. 1988) and, with an integration time of 1.5h,
approximately 100 counts were obtained for the continuum in
each spectral channel. The PCA image was divided by a flatfield,
and the spectrum extracted using the FIGARO package (Shor-
tridge 1988) on the UCL STARLINK node. The background,
obtained from the inter-order region, was subtracted, and the
spectrum calibrated in wavelength by means of a Th-Ar lamp.
Finally the wavelength scale was converted to the LSR velocity
frame (assuming a solar motion of 20kms~! towards
1=57°, b= +22° Allen 1973).

Figure 1 shows the observed interstellar Na1 D, line. It can be
seen that the fully saturated core of the line extends from zero to
about +60kms ™! relative to the LSR. The “emission” feature in
the centre of the absorption line is due to Nal emission by
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Fig. 1. The spectrum of interstellar Na1 D,(45889.95) obtained towards 209
BAC. The weak emission feature in the core of the line is due to light pollution
from Canberra street lights. The sloping continuum is due to the Na1 D, line
being located in the red wing of the strong, broad, He15876 A emission feature
of this ¥'=11.1 WNS star

Canberra street lights. (This feature has zero velocity in the
terrestrial reference frame and, in any case, could be traced across
the whole length of the slit in the PCA image. The emission was
much stronger in the raw data, but has been mostly removed by
the background subtraction.)

3. The velocity expected from Galactic rotation,
and the distance of 209 BAC

The very large velocity range occupied by interstellar Na1towards
209 BAC immediately indicates that the star lies at a considerable
distance from the Sun. Figure 2 shows the LSR radial velocity
expected to result from galactic rotation at different distances
towards 209 BAC (Fich et al. 1989). The solid line shows the
velocities predicted by Fich et al.’s model assuming a solar
galactocentric distance of 8.5kpc. This model indicates a max-
imum radial velocity of about +50kms~! at a heliocentric
distance of 5.5 kpc (at larger distances the predicted radial velocity
decreases as the tangent point is passed). If M1-67 was at a
distance of 0.5—1 kpc, then Galactic rotation would only produce
interstellar absorption component velocity spreads of the order of
5-10kms~! (Fig. 2). Our observations strongly suggest that 209
BAC lies close to or beyond the tangent point along this line-of-
sight, and therefore at a distance of approximately 5kpc. If the
Sun’s galactocentric distance is assumed to be as low as 7 kpc (e.g.
Frenk & White 1982), rather than the IAU standard of 8.5 kpc,
then the rotation model of Fich et al. (1989) indicates that the
maximum radial velocity occurs at the somewhat closer distance
of 4.4kpc (dashed line in Fig. 2).

The fact that the Na1 D, line remains saturated out to
+60km s~ * does not conflict with the interpretation that the Na1
absorption arises in material corotating with the Galaxy, since
interstellar clouds often have peculiar velocities of the order of
10kms~?!. Since our spectral resolution is very much narrower
than the line profile, the latter has not suffered significant
instrumental broadening; a fact that has been verified by convolv-
ing the instrumental response function with theoretical line
profiles.

We note that absorption in the expanding shell of M 1-67 will
not contribute to the deep profile shown in Fig. 1, since the LSR
radial velocity of the centre of expansion of the nebula lies at
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Fig. 2. Solid line: the LSR radial velocity predicted to arise from galactic
rotation as a function of distance towards 209 BAC (I =502, b= +3°3),
assuming a solar galactocentric distance of 8.5kpc (Fich et al. 1989). Dashed
line: the radial velocity predicted for a solar galactocentric distance of 7kpc

+177kms~!, while the nebular expansion velocity is 42kms~*
(Solf & Carsenty 1982).

4. Discussion

Our results rule out a planetary nebula status for M1-67, and
confirm the distance of ~4kpc implied if 209 BAC is a massive
WR star. Esteban et al. (1991) have provided independent
evidence for this conclusion. They find N-enhancement and O-
depletion in the nebula, consistent with ejection from a massive
star. They show that the reddening versus distance relation for
starsin the field around M 1-67 implies a distance larger than 1.5—
2.5kpc for the nebula and exciting star. Finally, they show that the
argument put forward by van der Hucht et al. (1985) for the
reclassification of M1-67 as a PN, namely that its infrared flux
distribution resembles those of PN and not those of other WN-
nebulae, is not supported when the integrated IRAS Sky Flux data
for the larger WR nebulae are considered.

Duerbeck & Reipurth (1990) have recently discovered a WN 8
star (We 21) immersed in a ring-like nebula resembling M 1-67. By
analogy with the conclusions of van der Hucht et al. (1985), they
argue that nebula around We 21 is a PN, in which case a distance
of 1kpc would be implied. In support of this interpretation, they
show that the nebula abuts, and appears to illuminate the edge of,
a region of CO molecular emission in the Southern Coalsack zone
and that the observed CO emission radial velocities from this
region are consistent with is being no further than the 1kpc
distance of the inner Carina spiral arm. Clearly, our present results
on M1-67 would lead us to interpret the nebula around We 21 as a
ring nebula around a massive WNS8 star. The photometry of
Duerbeck & Reipurth (1990) and the calibration of Torres-
Dodgen & Massey (1988) would then imply a distance of 7-8 kpc
to the system. Figure 3 shows the LSR radial velocity dependence
on distance that is predicted by the galactic rotation model of Fich
et al. (1989) in the direction of We21 (/=302°3, b= —1°3).
Figure 3 shows that absorption components from interstellar gas
out to 1kpc should only have a velocity extent of ~10kms™?,
while absorption components in front of a star at 7-8 kpc should
show a total velocity extent of ~35kms~!. The stellar radial
velocity of vy g = +130kms ™! found for We 21 by Duerbeck &
Reipurth (1990) should again ensure that any absorption arising
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Fig. 3. The LSR radial velocity predicted as a function of distance for the line-
of-sight towards We 21 (/ = 302°3, b = — 1°3) for an assumed solar galactocentric
distance of 8.5kpc (Fich et al. 1989). Here the calculation has been performed
out to a distance of 15kpc; in this direction the radial velocity is initially
negative, but changes sign when the line of sight crosses the solar circle

in the nebular shell around We 21 will be well separated in velocity
from interstellar absorption components. An interstellar absorp-
tion line spectrum of We 21 is therefore desirable. With V= 15.30
and B— V' = 1.95 (Duerbeck & Reipurth 1990), We 21 is quite faint
for high resolution absorption line spectroscopy. However, as was
the case with 209 BAC, absorption in the Na1 D-lines will occur in
the red wing of the broad He1 5876 A WN8 emission feature,
significantly elevating the local “continuum” in the vicinity of the
D-lines.
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