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ABSTRACT

The Galactic emission-line object MWC 349A is one of the brightest radio stars in
the sky. The central object is embedded in an almost edge-on oriented Keplerian
rotating thick disc that seems to drive a rotating bipolar wind. The dense disc is also
the site of hot molecular emission such as the CO bands with its prominent band
heads in the near-infrared spectral range. Despite numerous studies, the nature of
MWC 349A is still controversial with classifications ranging from a pre-main sequence
object to an evolved supergiant. We collected new high-resolution near-infrared spectra
in the K- and L-bands using the GNIRS spectrograph at Gemini-North to study the
molecular disc of MWC 349A, and in particular to search for other molecular species
such as SiO and the isotope *CO. The amount of **CO, obtained from the 2CO/3CO
ratio, is recognized as an excellent tool to discriminate between pre-main sequence
and evolved massive stars. We find no signatures of SiO band emission, but detect CO
band emission with considerably lower intensity and CO gas temperature compared
to previous observations. Moreover, from detailed modelling of the emission spectrum,
we derive an isotope ratio of 2CO/*¥CO = 4+1. Based on this significant enrichment
of the circumstellar environment in '*CO we conclude that MWC 349A belongs to the
group of Ble] supergiants, and we discuss possible reasons for the drop in CO intensity.
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1 INTRODUCTION

The emission-line object MWC 349A (a = 20h 32m 45.53s, 0
= 40°39'36”60) is one of the brightest radio stars in the
sky (Braes, Habing & Schoenmaker 1972). Radio contin-
uum observations suggest that MWC 349A is driving an
ionised wind with an outflow velocity of 25 — 50kms™" (Al-
tenhoff, Strittmatter & Wendker 1981) and a mass-loss rate
of 107° 1\/.[®y]r71 (Olnon 1975). The lack of photospheric
absorption lines hampers significantly the assignment of a
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proper classification, but the numerous Hel lines in emis-
sion speak in favour of a hot central source with a spectral
type between late O (Hartmann, Jaffe & Huchra 1980) and
about BO (Hofmann et al. 2002). Estimates for the object’s
distance and luminosity range from 1.2kpc (Cohen et al.
1985) to 1.7kpc (Meyer, Nordsieck & Hoffman 2002), and
from 3 x 10" L) (Cohen et al. 1985) to 8 x 10° Ly (Gvara-
madze & Menten 2012), respectively. This distance range is
consistent with the parallax and its error provided by Gaia
DR2 (Gaia Collaboration et al. 2018). The central object
suffers from an extinction of Ay ~ 10 mag, of which about
two magnitudes seem to be circumstellar in origin (Cohen
et al. 1985).

The morphology of the radio emission at 6 cm is spher-
ical (Cohen et al. 1985), whereas at 2 cm it reveals a bipolar
shape of the ionised wind with an east-west extent smaller
than 0”4, indicating an equatorial disc seen edge-on (White
& Becker 1985). The star has a strong infrared (IR) excess
emission (Geisel 1970) indicating large amounts of circum-
stellar dust, and a dusty disc oriented in east-west direction
was resolved by infrared interferometric (Danchi, Tuthill &
Monnier 2001) as well as by speckle interferometric observa-
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tions (Mariotti et al. 1983; Leinert 1986). IR images at 24 ym
taken with the Spitzer Space Telescope show an extended
(over several arcminutes) infrared double-cone (or X-shaped
nebula) structure (Gvaramadze & Menten 2012; Strelnitski
et al. 2013). Moreover, many optical and IR emission lines of
elements in diverse ionisation states display double-peaked
profiles (Andrillat, Jaschek & Jaschek 1996; Aret, Kraus &
Slechta 2016). These have been suggested to form within a
Keplerian rotating neutral gas disc with an ionised surface
layer (e.g., Hamann & Simon 1986).

Additional support for a rotating circumstellar disc is
provided by the numerous hydrogen recombination maser
and laser lines for which MWC 349A is famous. The first
maser lines at mm wavelengths have been discovered by
Martin-Pintado et al. (1989), and since then, many more
maser and laser transitions have been identified that spread
from the far-infrared up to the millimetre range (Thum
et al. 1994a.b, 1998; Strelnitski et al. 1996). Modelling of
the maser lines reveals that their profiles consist of two com-
ponents: one in agreement with Keplerian rotation within
a narrow circumstellar ring, and another one suggesting a
wind emanating from and co-rotating with the disc (e.g.
Martin-Pintado et al. 2011; Béez-Rubio et al. 2013, 2014;
Béez-Rubio & Martin-Pintado 2017; Zhang et al. 2017).

MWC 349 has been proposed to be a binary system, in
which the companion, a B0 III star (MWC 349B), is located
about 2”4 west of the massive and luminous B[e] component
MWC 349A (White & Becker 1985). However, recent analy-
sis of the radial velocities of the two objects seems to speak
against a gravitationally bound system, which reopens the
discussion whether MWC 349A belongs to the Cygnus OB2
association (Drew et al. 2017).

Despite numerous studies about MWC 349A, the na-
ture of this enigmatic object remains elusive. Classifications
range from a massive pre-main sequence object due to the
disc-bipolar wind shape seen on small scales on radio images
and traced by the maser and laser lines (e.g., Cohen et al.
1985; Strelnitski et al. 2013) to an evolved massive star such
as a Ble] supergiant (Hartmann et al. 1980; Hofmann et al.
2002) or a luminous blue variable (Gvaramadze & Menten
2012) based on the huge, up to 5pc scale infrared nebula
structure associated with the star. To solve the issue of the
unclear evolutionary state of MWC 349A, once and for all,
a trustworthy age indicator is needed.

As was shown by Kraus (2009), the most ideal tool to
discriminate between a young, pre-main sequence and an
evolved nature of a massive star is provided by the abun-
dance ratio between ?C and its isotope *C measured in
terms of the molecular abundance ratio **CO/**CO within
their circumstellar environments. In the pre-main sequence
stage, the *2C/*3C ratio has the interstellar value of ~ 90
(see, e.g., Ekstrom et al. 2012). During the evolution of a
massive star, the surface abundance ratio changes consid-
erably, and the value can drop to *C/**C < 10 or even
120/13C < 5, depending on the initial mass of the star and
its rotation which mixes chemically processed material to the
surface. Once on the surface, the isotopes are transported
via mass-loss in form of stellar winds and mass ejections
to the environment. There, they can be bound in *2CO and
13C0, in case the physical parameters in the environment, in
terms of density and temperature, favour the condensation
of molecules.

Circumstellar discs provide the most ideal environments
in which molecules can form and survive in substantial
amounts. Within the discs, the molecules are shielded from
the dissociating stellar ultraviolet radiation field. Emission
from hot CO gas has been detected in the IR spectra of both
accretion discs of pre-main sequence stars (e.g., Geballe &
Persson 1987; Carr 1989, 1995; Wheelwright et al. 2010; Ilee
et al. 2013, 2018) and discs formed from the outflows and
ejecta of evolved massive stars such as the Ble] supergiants
(McGregor et al. 1988a,b, 1989; Morris et al. 1996; Wheel-
wright et al. 2012; Kraus et al. 2016, 2017; Torres et al.
2018; Maravelias et al. 2018; Kourniotis et al. 2018). Enrich-
ment in '3CO has been found, based on measurements of the
12C0/"CO ratio in high-quality near-IR spectra, solely in
the discs of confirmed evolved objects (Liermann et al. 2010;
Oksala et al. 2013; Kraus et al. 2013b, 2014), reinforcing the
power of this isotope-ratio method for the discrimination
between young and evolved stars (Muratore et al. 2015).

CO band emission from MWC 349A was discovered by
Geballe & Persson (1987). Although their spectral range cov-
ered the positions of the first *CO band head, the identi-
fication of the isotope was uncertain due to the very low
resolution (R ~ 650) of their spectra. Follow-up observa-
tions in the K-band had either similarly low resolution, or
were limited to studies of the first band heads of *2CO to de-
termine the kinematics within the molecular emission region
(Kraus et al. 2000).

In this work, we wish to solve the long-standing issue of
the unclear nature of MWC 349A. For an unambiguous clas-
sification as either a pre-main sequence object or an evolved
massive star, we acquired new high-quality near-IR spec-
tra, which allow us to measure precisely the '2CO/**CO
ratio in its circumstellar disc. Moreover, we aim to search
for emission from SiO. The detection of emission from hot
SiO gas would allow us to derive complementary informa-
tion about the physical properties within the molecular disc
of MWC 349A (see Kraus et al. 2015).

2 OBSERVATIONS AND REDUCTION

A medium-resolution (R ~ 6000) K-band spectrum was ac-
quired on 2013 July 7, and high-resolution (R ~ 18000)
K- and L-band spectra on 2013 August 18. The obser-
vations were carried out using the Gemini Near-InfraRed
Spectrograph (GNIRS, Elias et al. 2006) at GEMINI-North
under Program IDs GN-2013A-Q-78 and GN-2013B-Q-11.
For each science acquisition, a telluric standard star was ob-
served close in time and airmass.

The medium-resolution spectrum was taken with the
110.51mm™" grating, the short camera, and the 0”3 slit. It
covers the wavelength range from 2.280 to 2.475 pym.

The high-resolution spectra were taken with the
110.51mm™" grating, the long camera (0”05 pix~') and the
0”1 slit. In the K-band the spectra were centred on 2.312 um
and 2.36 um to trace the molecular emission of the CO iso-
topes 2CO and '3CO, and in the L-band on 4.05pum to
cover the region of the SiO bands.

Exposures for the target and the telluric standard star
were taken in two positions along the slit (A and B) with
a series of ABBA sequences. Data reduction was performed

MNRAS 000, 1-8 (2019)
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Figure 1. Normalized high-resolution K-band spectrum (black) of MWC 349A, showing the most prominent emission lines and the
positions of the band heads of 12CO and 3CO. The best-fitting model (blue) is also shown. It is the superposition of the emission from
the Pfund series and the CO-band emission for an isotope abundance ratio of 90 (interstellar value). See Sect. 3 for details.

. 1 .
with standard TRAF" tasks. The procedure includes sub- Table 1. Identification of emission lines besides the lines Pf(24)

traction of AB pairs, flat-fielding, and telluric correction.
The wavelength calibration was performed using the telluric
lines. The high-resolution K- and L-band spectra achieved

K-band L-band
signal-to-noise ratios of ~130 and ~280, respectively. The A Element A Element
final spectra were normalized to the continuum. (pm) (pm)

The medium and high-resolution K-band spectra, taken
. . . 2.2913 Fe1r 4.0209 Hu (14)
with a separation of about one month, show no noticeable 29918 Feul 40377 He1
difference in the appearance of the emission features. There- 2.2035 1200 (2-0) 4.0409 Hel
fore, the following investigation and analysis is based purely 2.3086 Aril 4.0490 Hel
on the high-resolution spectrum. 2.3227 1200 (3-1) 4.0522 Bra
2.3248 Fen
2.3253 Fen
2.3448  13CO (2-0)
3 RESULTS 2.3485 [Fe 1]
Figures1 and 2 show the observed high-resolution spectra ggg;g 12C21(14_2)
of MWC 349A in the K- and L-band, respectively. The K- 2:3533 C
band displays emission lines from the Pfund series ranging 2.3739  13CO (3-1)

from Pf(24) up to Pf(62), weak CO band emission, as well
as emission from a few metallic lines. Their wavelengths and
identifications are given in columns 1 and 2 of Table1, re-
spectively. The line identification is based on wavelengths
retrieved from the NIST Atomic Spectra Database?, except
for the line [Fe111] A2.3485 that was taken from Lumsden &
Puxley (1996). The wavelengths of the CO band heads were
taken from Kraus et al. (2000).

The only lines we could identify in the L-band are from
hydrogen and HeT (see columns 3 and 4 of Table 1). No traces
of emission from the SiO molecule are found (see bottom

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

2 https://www.nist.gov/pml/atomic-spectra-database
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to Pf(62) of the Pfund series.

panel of Fig.2). First-overtone band emission of SiO has
been detected so far from the high-density environments of
four Ble] stars (Kraus et al. 2015), and in all four cases, the
intensity in the SiO bands was 5-15 times lower than the
intensity in the first-overtone CO bands published by Mar-
avelias et al. (2018). Considering that such a trend might
also apply to MWC 349A, the weakness of its CO band emis-
sion with only ~5-6% of the continuum flux might be the
reason for the absence of detectable SiO band emission.

3.1 Pfund line emission

The high-resolution K-band spectrum (Fig.1) shows that
the Pfund lines display slightly double-peaked profiles, im-
plying rotational motion of the ionised gas. To model the
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Figure 2. High-resolution L-band spectrum of MWC 349A with
prominent emission lines labeled (top). The bottom panel is a
zoom around the continuum, indicating the wavelengths of the
SiO band heads.

Pfund line emission, we utilize the code developed by Kraus
et al. (2000) that computes the emission of the series ac-
cording to Menzel case B recombination, assuming that the
lines are optically thin.

For the computations of the line intensities, we fix the
electron temperature at 10000 K, which is a suitable value
for the ionised gas around a hot OB-type star. Fixing the
temperature has no significant impact on the shape of the
lines or the relative line intensities of the individual Pfund
lines. The observed K-band spectrum implies a cut-off in
the Pfund series indicating pressure ionisation. The maxi-
mum number of the series, Pf(62), delivers a hydrogen den-
sity of (3.540.3) x 10'? cm™? within the line-forming region.
Considering a partially ionised gas, this value poses an up-
per limit for the electron density. We use this value for the
computation of the Pfund line spectrum. For such a high
density, the emission is in local thermodynamic equilibrium
(LTE).

For the profile function, we assume that the emission
of the Pfund lines emerges from a narrow ring of gas with
constant temperature and density revolving the star. This
assumption is justified based on the double-peaked profiles
that we observe for the Pfund lines. The inclination angle
of the system is fixed at 80° under the convention that an
edge-on orientation corresponds to an inclination angle of
90°. This choice of 80° has been made to be in line with
the model considerations for the CO band emission (see be-
low). Then, the only free parameters for the computation of
the Pfund line emission spectrum are the rotation velocity,

1.1+ Pf(30) "*co(2->0) Pf(30) '*co(2->0)

1.05

Normalized Flux

2.344 2.346 2.344 2.346

Wavelength [um] Wavelength [um]

Figure 3. Model fits (color) to the observations (black) zoomed
to the region around the Pf(30) line. The dashed and dotted lines
represent the pure CO and pure Pfund contribution to the com-
bined fit (solid line). The fits in the left and right panels cor-
respond to models with 12CO/'3CO isotope ratios of 90 and 4,
respectively.

Vrot,Pf, and a Gaussian component vgauss,pf. This Gaussian
component combines the broadening contributions from a
possible turbulent motion of the gas (or a possible wind
component) and the contribution of the thermal motion.
The final Pfund emission spectrum is convolved with the
resolution of the spectrograph.

We obtain reasonable fits to the observed line profiles
for a rotation velocity of 45+5kms~! in combination with a
Gaussian component of 2045km s ™. This high value for the
Gaussian velocity is needed to reproduce the line wings and
the shallowness of the double peak structure. Considering
a contribution of 12-13kms™"' for the thermal motion we
derive a turbulent component of about 15+5kms™!.

3.2 CO band emission

Our spectrum spreads over a wide wavelength range, cover-
ing the positions of the first four band heads of *2CO and the
first two band heads of '*CO (Fig. 1). However, due to the
strong contamination with the Pfund emission lines, only
the first two band heads of 12CO can be easily identified by
eye in the spectrum.

For the computation of the molecular bands we use the
code developed by Kraus et al. (2000) for '2CO emission
from a rotating disc, which was advanced by Kraus (2009)
and Oksala et al. (2013) to include the bands of the isotope
13CO. The calculations are performed under the assumption
of LTE which is a suitable approach for dense gas discs. The
wide structure of the first band head of *>CO indicates kine-
matic broadening, although no clear hints for a blue shoulder
and a red peak of the band head is obvious, as is typically
the case for CO band emission from a rotating disc (see,
e.g., Carr 1995; Kraus et al. 2000, 2013b, 2016; Muratore
et al. 2015; Maravelias et al. 2018). Therefore, we follow the
approach of Kraus et al. (2000), who proposed that the CO
emission of MWC 349A originates from the far side of the

MNRAS 000, 1-8 (2019)



inner rim of the almost edge-on (i = 80°) Keplerian disc,
meaning that we compute the profiles of each individual CO
ro-vibrational line for a symmetric ring segment with a ve-
locity range spreading from —59kms™! to +59kms™ 1.

To fix the physical parameters of the CO emitting re-
gion, we first focus on the short-wavelength part of the spec-
trum (A < 2.34 pm) which covers only the first two band
heads of '2CO. In this wavelength region no contribution
from CO arises. To reduce the number of free parame-
ters, we assume a constant temperature and column density
for the molecular gas. We compute a grid of models for the
CO parameters, convolve the synthetic CO spectra with the
resolution of the spectrograph, combine the Pfund with the
CO emission spectra and fit these total theoretical spectra
to the observations. From visual inspection of the fits, the
best-fitting model is found for a gas temperature of Tco =
1500 + 200K and a '2CO column density of Nco = (1.0 £
0.5) x 10*' ecm™2.

Then we include *CO into the model. As we do not
know the 2CO/'™CO ratio a priori, we start from the
interstellar value, which is ~90. Note, that such a small
3CO contribution remains basically undetectable in the
total spectrum, because the intensity scales approximately
with the column density of the gas. The fit of the combined
12C0, 13C0, and Pfund emission to the observed spectrum
is shown as the blue line in Fig. 1.

From inspection of the fit we note that the model un-
derestimates the observed intensity in the long-wavelength
region (A > 2.344 um). This underestimation is particularly
noticeable in the red peak and wing of the Pfund line Pf(30)
at 2.3445 pm (see left panel of Fig.3). At this wavelength,
the only known spectral feature® is the first band head of
13CO. The disagreement between model and observations
indicates that a significant amount of **CO is present in the
spectrum. The best-fitting model is obtained for an isotope
ratio of *2CO/*CO = 4 + 1. This result is shown in red in
the right panel of Fig. 3. Such a high contribution of *CO
provides clear evidence for an evolved nature of MWC 849A
and rules out a pre-main sequence evolutionary state of the
star.

4 DISCUSSION

We note clear differences in the physical parameters needed
for the computation of the '2CO band emission when com-
paring the results obtained from our GNIRS spectrum taken
in 2013 with those derived by Kraus et al. (2000) from the
spectrum taken in 1998 with the United Kingdom Infrared
Telescope (UKIRT). While the '2CO column density in 1998
(Nco ~ 5x10% cm™?) was slightly lower but still within the
errorbars of our value, the CO temperature (Tco ~ 3500 K)
was more than twice higher in 1998 compared to the low
value of Tco ~ 1500 K we found now. Because of the sim-
ilar resolution of the UKIRT (R ~ 20000) and the GNIRS

3 We wish to emphasize that this feature cannot be a telluric rem-
nant. Telluric lines spread over the full range of the CO bands.
Improper correction for the telluric pollution would result in rem-
nants all over the spectrum, which are not seen. In addition, the
band head of 3CO is a very broad emission feature in contrast
to the sharp telluric lines.

MNRAS 000, 1-8 (2019)
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Figure 4. UKIRT spectrum taken in 1998 (red) superimposed
on the GNIRS spectrum taken in 2013 (black). Marked are the
positions of the 12CO band heads (2 — 0) and (3 — 1). For
easier comparison, the emission is normalized to the intensity of
the first band head.

spectra (R ~ 18000), this discrepancy in parameters points
towards a change in excitation conditions within the disc of
MWC 349A, which can be verified in case the two observed
spectra display profound differences.

In general, the intensity of the emission in the GNIRS
spectrum is lower than in the UKIRT spectrum. But this
trend might also be due to a variable continuum level and
not necessarily due to changes in the CO emission. To illus-
trate the real deviations in the emission spectra, we show
in Fig.4 the superposition of the two data sets. For easier
comparison, we marked the positions of the band heads and
normalized both spectra to the intensity of the first band
head. The GNIRS spectrum displays less intensity between
the two band heads, which we interpret as due to small dif-
ferences in the CO column density along with the slightly
higher velocity and the different profile shape found for the
Pfund lines. The higher the number of the Pfund transition,
the closer the wavelengths of the neighbouring lines, leading
to strong blending of the lines in the upper transitions of
the series and hence to a rise of the total emission.

However, the most striking change in the spectrum is
the drastic decrease in the intensity of the (3 — 1) band
head. Because the excitation of the levels within the second
band requires considerably higher energies than in the first
band, such a vast drop in intensity is a clear indication for a
significant decrease in gas temperature. To demonstrate the
influence of the temperature on the intensity of the second
band had, we show in Fig.5 the synthetic spectra from CO
gas with temperatures of 3500 K (red line) and 1500 K (black
line), whereas all other parameters were kept constant. The
emission spectra have also been normalized to the intensities
in the first band head. The sensitivity of the intensity of the
(3 — 1) band head with temperature is obvious, reinforcing
our conclusion that the conditions in the CO forming regions
around MWC 349A have changed since 1998.

In this context, it is interesting to note that the first
mentioning of CO band emission from MWC 349A was by
Geballe & Persson (1987) based on a spectrum taken on
1985 July 1. Despite of the low-resolution (R ~ 650), they
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Figure 5. Model spectra of pure 12CO band emission calculated
for the two indicated temperature values. For easier comparison,
the emission is normalized to the intensity of the first band head.

clearly resolved the first three band heads in their data. CO
band emission was already present in a spectrum (though
not shown in the paper) taken in 1983 by Hamann & Simon
(1986), whereas no indication of CO emission had been seen
in the spectra that Thompson & Reed (1976) acquired on
1975 October 13 with an even higher resolution (R ~ 1000)
compared to the data of Geballe & Persson (1987). Another
spectrum with R ~ 1000 had been taken on 1997 August 2
displaying CO band emission, also with at least three promi-
nent band heads (Kraus et al. 2000), while in the new data
from 2013 basically only the first two band heads are still
visible but with noticeable lower intensity.

The absence of detectable CO band emission in the
spectra taken in 1975 suggests that considerable changes in
the circumstellar conditions of MWC 349A might have taken
place between 1975 and 1983, triggering the generation of
detectable CO emission*. These powering conditions seem
now not to be fulfilled any more, resulting in a cooling of
the gas and an associated fading of the observable emission.

In light of the fact that MWC 349A is an evolved mas-
sive star, a possible scenario for the appearance and fading
of the CO band emission might be related to an episode with
enhanced mass loss. In this regard, it is worth mentioning
that for MWC 349A a systematic drop in visual brightness
has been recorded in the literature during the last century.
Starting with a visual magnitude of 13.2 mag (Merrill, Hu-
mason & Burwell 1932), Swings & Struve (1942) reported
that the star was fainter than 14 mag during their obser-
vations in 1941, while a value of ~ 15.5 mag was obtained
thirty years later by Braes et al. (1972). Recent photomet-
ric measurements reveal that the star brightened again to
V = 13mag (Manset et al. 2017).

Variability in the red light with a possible period of
nine years was reported by Jorgenson, Kogan & Strelnit-

4 Changes in the CO band spectrum can also arise from asymme-
tries or density inhomogeneities within the molecular ring. How-
ever, the drastic change in temperature would not fit to such a
scenario, unless one postulates a highly eccentric ring of gas. But
there is currently no observational evidence that would support
such a hypothesis.

ski (2000) based on the analysis of a sample of photometric
plates spreading from 1967-1981. Moreover, a change in ra-
dio continuum appearance from the former bipolar-shaped
structure seen in the 1980s into a square-like structure has
been found by Rodriguez, Gémez & Tafoya (2007) on new
radio images taken in 2004. However, the physical cause of
this morphological change is yet unclear. All these pieces
provide clear evidence for a variable nature of MWC 349A.

To complement our findings for MWC 349A, we wish to
mention that a sudden appearance of CO band emission has
also been recorded for the Ble] supergiant LHA 115-S65 in
the Small Magellanic Cloud (Oksala et al. 2012) as well as for
the Galactic object CI Cam (Liermann et al. 2014), in which
CO emission appeared after an outburst, and faded with
the dilution of the ejected material. Other B[e] supergiants
were found to display fluctuations in their CO band emission
that was ascribed to density inhomogeneities within their
circumstellar molecular gas ring. Such a scenario has been
proposed for the two Ble] supergiants LHA 120-S 73 (Kraus
et al. 2016) and LHA 120-S35 (Torres et al. 2018) in the
Large Magellanic Cloud, and the Galactic Ble] binary object
HD 327083 (Kraus et al. 2013a).

5 CONCLUSIONS

We have presented new high-resolution K-band spectra for
the Galactic emission-line star MWC 349A, based on which
we could solve the long-standing issue of the star’s un-
clear nature. The discovery of a significant enrichment of
the circumstellar material in *CO rules out a pre-main se-
quence nature of the central star, but reinforces the classi-
fication of MWC 349A as evolved massive star. Proposed
literature classifications are a Ble] supergiant (Hartmann
et al. 1980; Hofmann et al. 2002) or a luminous blue variable
(Gvaramadze & Menten 2012). Considering its near-IR col-
ors, MWC 349A appears clearly offset from luminous blue
variables within the near-IR color-color diagram, but shares
its location with the Ble] supergiants (Kraus 2019). There-
fore, we propose that MWC 349A belongs to the group of
Ble] supergiants.

This finding is further supported by the variability in
the CO emission spectrum, which seems to be inherent in
Ble] supergiants. The clear decrease in CO intensity that
we note from comparison of our new spectrum to data
taken about 15 years ago with the same spectral resolu-
tion, is caused by a significant cooling of the gas from about
3500 K down to 1500 K. In combination with the fact that
the brightness of MWC 349A considerably dropped by more
than 2mag between the thirties and the seventies of the
last century, and that CO emission only started to appear
in the infrared spectra of MWC 349A after 1975, we fur-
ther propose that the star underwent a phase of enhanced
mass loss or mass ejection providing the environment for ef-
ficient molecule formation in order to generate pronounced
CO band emission. With the brightening of the star back
to its original value, it seems that the ejected material has
been expanding and cooling, leading to the observed fading
of the CO emission.

Variability in emission and in brightness seems to be
an inherent property in this type of evolved massive stars,
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and a higher observing cadence is worthwhile to unveil the
time-scales for the variabilities and their physical origin.
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