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1 INTRODUCTION 

ABSTRACT 
Moderate-resolution optical spectra of the significantly reddened Herbig Be star MWC 297 are 
presented. The data are of sufficient quality that it has been possible to obtain a spectral type 
for this star by comparing heavy element absorption features with those present in early B field 
stars of known spectral type. The best fit is to B 1.5V, with an uncertainty of half a sub-type. It is 
estimated that v sin i for MWC 297 is about 350 ± 50 km s -1, suggesting that the star's rotation 
axis is almost in the plane of the sky. The reddening towards this object is reviewed and is 
derived afresh from spectra at wavelengths spanning the B-R opticaJ. bands. UsingAv = 8 and 
the absolute magnitude corresponding to B 1.5V, it is argued that the distance to MWC 297 is 
250 ± 50 pc rather than -500 pc as has recently been quoted in the literature. At this distance 
the star can be located very plausibly in the Aquila Rift. 

We go on to present a MERLIN 5-GHz radio map of the source which shows it to be 
markedly elongated in the north-south direction (to a dimension of 125 au at 250 pc). Existing 
data on the optical linear polarization of MWC 297 suggest a complicated picture that leaves 
open the question of whether the radio axis might trace an ionized electron-scattering 
equatorial disc. We also present and briefly discuss high-resolution Bra and He I 1.083-lJ.m 
line profiles obtained within a week of the optical spectra. The He I profile is very complex, but 
confirms that MWC 297 is an outflow source. It is noted that the HI emission lines are 
undoubtedly highly variable, although the time-scales for this are not yet clear. 

Key words: stars: atmospheres - stars: early-type - stars: emission-line, Be - stars: evolution 
. - stars: individual: MWC 297 - stars: pre-main-sequence. 

In view of the fact that evolutionary time-scale is a sharply 
decreasing function of stellar mass, it is unsurprising that examples 
of higher mass (M> 10 M0 ) pre-main-sequence stars are rare and 
that our understanding of their properties remains sketchy. A 
difficult situation is made worse by the fact that such objects 
complete practically all of their early evolution whilst embedded 
in their natal molecular clouds, thereby closing off the possibility of 
optical spectroscopy in most instances. Sometimes, however, good 
fortune can be on our side. This paper is about one such instance -
the star most commonly known as MWC 297 (also catalogued as 
AFGL 2165 and IRAS 18250-0351). 

Ae/Be (HAeBe) stars. It subsequently found its way into Finken
zeller & Mundt's (1984) important optical study of HAeBe stars, 
and was also included in the sample considered by Hillenbrand et 
al. (1992). Like many of the more luminous Herbig Be (HBe) 
stars it has, until now, evaded attempts to assign to it anything 
more than a vague spectral type. Finkenzeller (1985) simply 
placed a '?' against it, unable to find any absorption lines in its 
blue spectrum. Using arguments based on photometry, Bergner et 
al. (1988) proposed BO, while Hillenbrand et al. (1992) suggested 
09. 

The central findings of this study are that (i) MWC 297 exhibits 
the character of a rapidly rotating B 1.5 main-sequence star at blue 
wavelengths, i.e. in the wavelength range conventionally used to 
define spectral type; (ii) yet in the infrared and radio domains it still 
possesses signatures of circumstellar disturbance that have come to 
be associated with deeply embedded luminous young stars (the BN
type objects). Earlier estimates of the extinction to this star (Av= 8) 
are confirmed, but it is argued that its distance is -250 pc - around 
a factor of 2 less than commonly quoted. 

MWC 297 is a highly reddened object, notable for its extremely 
strong Balmer line emission. In the plane of the sky, it is seen 
superimposed on the H II region S62 (Sharpless 1959). The role, if 
any, of MWC 297 in the excitation of this H II region is unclear. 
MWC 297 was included in the original list of 26 stars compiled by 
Herbig (1960) that is seen now as the first compilation of Herbig 

© 1997RAS 

© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/286/3/538/985370 by guest on 19 M
ay 2023

http://adsabs.harvard.edu/abs/1997MNRAS.286..538D


1
9
9
7
M
N
R
A
S
.
2
8
6
.
.
5
3
8
D

MWC 297: a zero-age main-sequence star in the Aquila Rift 539 

Table 1. Journal of spectroscopic observations obtained at the WHT. The 
effective wavelength coverage was a minimum of 400 A per setting centred 
on the wavelengths given in the second column. 

Object Wavelength Exposure Date 
(centre, A) Time (s) 

MWC297 4080 5 x 1800 2216/94 
4600 5 x 1800 2016/94 
5000 1800 20/6/94 
6055 2 x 1800 20/6/94 

1800 22/6/94 
6475 2x50 20/6/94 

30 20/6194 
6895 900 20/6/94 

1200 22/6/94 
7315 1200 20/6/94 
7735 500 22/6/94 
8155 700 22/6/94 
8575 300 2216194 

HD 154445 4600 5 2016/94 
5000 6 20/6194 
4080 4 2116/94 
6055 7 20/6/94 
6475 7 2016194 
6895 7 20/6/94 
7315 7 20/6194 
7735 7 2116194 
8155 7 2116/94 

HD 186618 4080 40 2116/94 
4600 100 2116/94 
5000 60 2116194 
6055 150 2116/94 
6475 150 2116194 
6895 150 2116/94 
7550 150 2116194 

HD 214432 4080 40 2116/94 
4600 50 2116/94 
5000 50 2116/94 
6475 150 2116/94 
6895 150 2116/94 

The basis for our spectral type is high-quality, moderate-resolu
tion (R - 5000) blue spectra obtained at the William Herschel 
Telescope (WHT). We complement these by presenting examples 
of infrared line profiles observed at higher resolution (R - 16000) 
using the echelle mode available at the United Kingdom Infrared 
Telescope (UKIRT), and also a 5-GHz radio map of the source 
recently obtained using MERLIN. First, we describe when and how 
the observations were gathered and extracted (Section 2). This is 
followed by a close examination and comparison of the blue spectra 
in which the spectral type and projected rotation speed (v sin i) are 
established (Section 3). We then review existing reddening deter
minations and use comparison of the observed blue continuum 
slope in MWC 297 with that of a lightly reddened early B star to see 
if something more can be learned of Rv (Section 4). On the strength 
of these data, the likely absolute magnitude of MWC 297 and the 
CO maps of Dame & Thaddeus (1985), the distance to MWC 297 is 
revised (Section 5). 

After presenting arguments for regarding MWC 297 as a rapidly 
rotating B I.5Ve star, we bring forward radio and line profile 
evidence that it has not yet shed the trappings of youth 
(Sections 6 and 7). The paper ends with a summary and 
discussion (Section 8). 
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Figure 1. Total integrations on MWC 297 obtained at the central wave
lengths, Xc = 4080 and 4600 A. The vertical scale is effectively an arbitrary 
flux scale (an atmospheric extinction correction has been applied to the 
data). The prominent emission lines in the top panel are all Balmer lines. 
Note the impact of reddening on the spectral slope. The dotted line super
imposed in the lower panel is the rescaled spectrum of the lightly reddened 
B1.5V star HD 154445, shown for comparison. 

2 OBSERVATIONS AND DATA REDUCTION 

2.1 Optical spectroscopy 

The observations were carried out on the nights of 1994 June 20 to 
22 on the 4.2-m William Herschel Telescope at the La Palma 
Observatory. The twin-beam intermediate dispersion spectrograph, 
ISIS, was used with the R1200B grating and a 1124 x 1124 pixel 
TEK chip to collect moderate-resolution blue spectra ofMWC 297 
and comparison B stars (see Table 1). Data longward of 5800 A 
were also gathered using the R1200R grating and a 1180 x 1280 
EEV detector on the red arm of the spectrograph. Details on these 
are also given in Table 1. To split the beam a dichroic crossing over 
at 5400 A was in place. Exposures were limited to 1800 s or less, in 
order to keep the cosmic ray rate down to an acceptable level and to 
provide frequent wavelength calibrations. The weather throughout 
the run was good, yielding a seeing between 0.7 and 1 arcsec. 

In all observations the projected entrance slit width was 1 arcsec. 
The aim was to match the slit angle to the parallactic angle. 
However, as adjustment of this was not automatic, corrections 
were applied from time to time. The occasional deviations from 
parallactic that this practice implied had no noticeable systematic 
effect on extracted spectral slopes. The slit width mapped on to a 
FWHM of 2 detector pixels or 0.8 A, as determined from arc line 
profile fits. The 90oo-s integration on MWC 297 at 4600 A allowed 
a signal-to-noise (SIN) ratio of -150 to be achieved in the co-added 
data. The same total exposure at the central wavelength of 4080 A 
gave an effective mean SIN ratio of -100. At each wavelength 
setting the spectral coverage obtained was generally a few ang
stroms in excess of 400 A. 

Data reduction was completed in two stages. The first stage was 
the reduction of the two-dimensional images to one-dimensional 
form, and included the steps of de-biasing, flat-fielding, sky sub
traction and wavelength calibration. This was achieved using the 
IRAF program package. The one-dimensional spectra were then read 
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Figure 2. The nonnalized Xc = 4600 A spectrum ofMWC 297 is compared with similarly nonnalized early B-type spectra. In the top row, the data on MWC 297 
are shown unsmoothed. In the second row, the same data are shown after applying a low-pass Fourier filter to eliminate high-frequency noise. The B-star spectra 
are in the third, fourth and fifth positions and are unsmoothed. The broad depressions at either end of the wavelength range in MWC 297 are plausibly Dms, as is 
the prominent, quite narrow feature at 4726 A. For the purpose of display, arbitrary vertical shifts have been applied to the data. 

into the DIPSO program, for airmass correction and further analysis. 
To cancel the effects of atmospheric extinction, we have applied the 
appropriately scaled sum of the wavelength-dependent mean 
extinction curve for La Palma (King 1985) and the 'grey' aerosol 
component whose magnitude is measured nightly by the Carlsberg 
Meridian Circle and archived. 

Finally, spectra obtained at the same wavelength setting were co
added. Fig. 1 shows the resultant unsmoothed data obtained at the 
central wavelengths of 4080 and 4600 A. 

2.2 Radio imaging 

MWC 297 was observed with the full MERLIN array of six 
telescopes on 1995 June 6 at a frequency of 5 GHz with a bandwidth 
of 15 GHz in each polarization. The maximum baseline was 218 
km, giving a potential resolution of 50 mas. MWC 297 was 
observed for 10 h interspersed with observations of the phase 
calibrator 1822+012A 5~2 away. The observations were 
amplitude-calibrated against OQ208 whose flux density was 
found to be 2.30 Jy in relation to 3C 286 whose flux density was 
assumed to be 7.38 Jy. Amplitude and phase corrections derived 
from mapping the phase calibrator were interpolated and applied to 
MWC 297. The target was then mapped and CLEANed to produce the 
final images. 

2.3 Infrared spectroscopy 

During the nights of 1994 June 27 and July 1,just a week after the 
WHT run, observations of MWC 297 were carried out with the 
3.8-m infrared telescope UKIRT, Hawaii. The CGS4 spectrometer 
was used, with a cooled 58 x 62 InSb array as detector. The He I 
1.0830-l1m and Bra lines were observed in the echelle mode at a 
velocity resolution of - 20 km S -1, on June 27 and July I 
respectively. To oversample the resolution element and to allow 
correction for bad pixels, the array was substepped by a third of a 
pixel six times over a range of 2 pixels. The slitwidth was 1.2 arcsec. 
The total exposure times were 16 min at He I 1.083 11m and 8 min at 

Table 2. Collected parameters for the comparison B stars observed during 
the same WHf run. The spectral types are all due to Walborn (1971). The 
observed B-V are taken from SIMBAD, while the intrinsic colours are from 
the tables of Schmidt-Kaler (1982). The projected rotational velocities are: 
tfrom Hoffleit (1982); * from Abt & Hunter (1962). 

Name Spectral Type vsini (km S-I) B-V (B - V)O E(B - V) 

HD 186618 BO.7IV ? -0.21 -0.28 0.07 
HD 154445 Bl.5V 174t 0.16 -0.25 0.41 
HD 214432 B2.5V«n)) 185 ± 18* -0.11 -0.22 0.11 

Bra. The spectra were corrected for atmospheric absorption and 
instrumental transmission by dividing them by spectra of compar
ison stars observed at a similar airmass. The comparison s~s were 
bright A and F stars in which Bra is present in absorption. This was 
removed by fitting to a combination of a Gaussian and Lorentzian 
profiles before division into MWC 297. Wavelength calibration of 
the He I 1.0830-I1m setting was performed using two xenon emis
sion lines in the arc spectrum, while telluric absorption lines were 
used at Bra. The resultant wavelengths are expected to be correct to 
within 5 km S-I. 

3 DETERMINATION OF SPECTRAL TYPE 
AND PROJECTED ROTATION SPEED 

For the purpose of estimating spectral type the spectra obtained at 
the Ac = 4600 A setting are most useful. The co-added spectrum at 
this wavelength is shown, after normalization and high-frequency 
Fourier filtering, in Fig. 2. Also shown are the analogous (unfil
tered) data obtained for three early B stars of known spectral type 
(see Table 2). On comparing MWC 297 with these field stars, it is 
immediately apparent that if any of the weaker heavy element lines 
present in their spectra are also present in MWC 297, they must be 
substantially broader in order to appear at such low contrast. 
Furthermore, in view of its significant reddening, one must expect 
MWC 297's intrinsic spectrum to be overlaid by relatively 
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Table 3. The rIDS deviation obtained on comparing the spectrum of 
MWC 297 with successive rotational broadenings of the early B comparison 
stars, lID 186616, lID 154445 and lID 214432. The spectral range in which 
the comparison was made was restricted to }'M510-469O A. 

Comparison star: 

lID 186616 lID 154445 HD214432 
BO.7IV B1.5 V B2.5V 

200 0.012 0.0039 0.0060 
Added 
vsini 300 0.011 0.0034 0.0060 
(Ian S-I) 

400 0.010 0.0039 0.0062 

prominent diffuse interstellar bands (Dills). The Dills present in 
this spectral range have been identified from the list compiled by 
Jenniskens & Desert (1994) and are noted. 

The value of the he = 4600 A setting for spectral-typing pur
poses is that there are noticeably spectral-type-dependent heavy 
element lines to be found in between the Hel 4471- and 4713-A 
features. Of particular note are the features at -4640 and -4650 A 
that are blends of 0 II, N m and C m lines. Lines of Si m and Si IV are 
also present and have been favourites for spectral-typing for some 
time (see Becker & Butler 1990). For example Silv 4631 A is seen 
to fade from BO.7 to B2.5, as do Sim 4553, 4568, 4575 A and the 
4640- and 4650-A blends. One can also discern a: change in the 
pattern of equivalent widths among the Si m lines. Finally, we note 
that the BO.7IV star observed contains vestiges of He II lines at 4541 
and 4686 A, which are absent at later types. 

Given that He I as well as H I is prone to emission reverSals in 
early Herbig Be stars it is unwise, in the first 'instance at least, to 
involve them in spectral-type estimation. To avoid these, and also 
Dills longward of He I 4713 A, we chose to consider data in just the 
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spectral range 4510-4690 A. To achieve a result that minimizes the 
subjective element, we use as our measure of fit the rms deviation 
between MWC 297 and each of the early B-type comparison stars as 
the latter are progressively broadened by convolution with a 
theoretical stellar rotational profile. In order that trends in the rms 
deviation should not be unnecessarily diluted by the effects of high
frequency pixel-to-pixel noise, the filtered form of MWC 297's 
spectrum was used. Numerical experiments with the data indicate 
that this practice does' not bias our results. 

The rills deviations obtained are set out in Table 3. These figures 
clearly indicate that MWC 297 most closely resembles the B l.5V 
star, HD 154445, and that,there is a weak minimum in the rms 
deviation when the latter is broadened by ..1vsini =.300 km s-I. 
This magnitude of additional broadening suggests that v sin i for 
MWC 297 is in the region of 350 km s -I (the quadrature sum of 300 
km s-Iand HD l54445's published vsini of 174 km S-I). To 
illustrate the quality of the resemblance of HD 154445, after 
broadening, to MWC 297 we show their spectra superimposed in 
Fig. 3. Also shown are the superpositions ofMWC 297's spectrum 
upon those of the BO. 7IV and B2.5V comparison stars. Shortward of 
-4660 A, the match between the B L5V star and MWC 297 is very 
good. Longward, the similarity is weak~r but arguably superior to 
that in the other comparisons. 

In first attempting this spectral-typing, it was assumed that 
MWC 297's spectrum was free of any line emission between 
4510 and 4690 A. The evidence of Fig. 3 is that this was not 
quite right. The deviations between MWC 297 and HD 154445 at 
4583 and 4629 A are very likely to be due to weak, barely resolved, 
Fell emission in the leading members of multiplets 38' and 37 
respectively. There may also be a detection of emission at 4549 A 
that would be due to the second strongest component of multiplet 38 
(see Phillips 1979). This is not so surprising given that we find more 
and more Fe II emission showing towards longer wavelengths lying 
furtlier down the Rayleigh-Je'ans tail (for example the components 
of multiplet 42 are clearly visible, if not very strong, in the 5000-A 
setting). The mean variances given in Table 3 were calculated after 

BO.7 IV 

..... ,./, ....... , .... ;'.-:-.. ,.'""'. .------<=-

4520 4540 4560 4560 4600 4620 4640 4660 4660 

wavelength (A) 

Figure 3. The 4510-4690 A range used to obtain a first estimate ofMWC 297's spectral type is shown. In tum, the Fourier filtered spectrum ofMWC 297 (dotted 
line) is shown superposed on each of the comparison B stars (solid lines) after the latter have been convolved with a vsini = 300km S-1 theoretical line profile. 
This shows clearly that the best match is between MWC 297 and the B1.5V star, lID 154445. The discrepant peaks at 4549,4583 and 4629 A in MWC 297's 
spectrum are likely to be extremely weak Fe n emission. These were snipped out before calculation of the rms deviations listed in Table 3. For the purpose of 
display, arbitrary vertical shifts have been applied to the data. 
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Figure 4. The nonnalized Xc = 4080 A spectrum of MWC 297 is compared (after Fourier filtering to suppress power in spatial frequencies higher than half the 
Nyquist frequency) with nonnalized, unsmoothed early B-type spectra. Features that are noteworthy for spectral-type sensitivity have been marked with 
asterisks. For the purpose of display, arbitrary vertical shifts have been applied to the data. 

snipping out the 'peaks' at 4549, 4583 and 4629 A. When included, 
the mean variances obtained for the B 1.5V comparisons increase 
more or less uniformly by 30-40 per cent. 

The next issue to consider is whether MWC 297 provides any 
evidence of a -B1.5 spectral type in any of the other wavelength 
ranges observed. The red spectra obtained have been examined for 
candidate lines. Neither our early B standards nor MWC 297 shows 
any distinctive heavy element absorption between -5800 and 
-8800 A. This at least reduces the likelihood that MWC 297's 
absorption spectrum is composite either because of a binary 
companion or because of a significant contribution from an 
opaque multi-temperature circumstellar disc. In MWC 297 the HI 
and He I lines longward of 5800 A are all in emission. 

While it reveals a more complex spectrum due to the Balmer 
series and neutral helium absorption (see Fig. 4), the 4080-A setting 
does provide some further fragmentS of positive evidence in favour 
of a - B 1.5 spectral type. In this range, there are features at 
-3923A (a SimlHeI blend) and at 4253 A (Orr) that would 
point to a spectral type no later than B 1.5 for MWC 297. The 
absence of any trace of Si IV 4089 A in MWC 297 - a line that is 
quite pronounced in the BO.7IV comparison spectrum - tends to 
exclude this earlier type. Unfortunately, the emission feature at 
- 4067 A prevents exploitation of the 0 rrlC ill absorption lines 
apparent in the comparison stars at about this wavelength. It is very 
likely that they are in fact present in MWC 297, underlying the 
emission. The differences in the general spectral shape seen in the 
4080-A spectrum between MWC 297 and the comparison B stars 
render a more quantitative comparison impractical. 

As in the 4600-A spectral section, the contrast and breadth of 
absorption features (excepting the highly disturbed and reversed 
Balmer lines) apparent in Fig. 4 undoubtedly demand a higher 
v sin i than that of any of our comparison B stars. However, it is not 
really feasible to achieve a better estimate of its value than that 
implied by the minimum in mean variance encountered in the 
comparison with lID 154445 at 4600 A. In truth, the profiles of 
none of the heavY element absorption features in any of the 
observed wavelength ranges are well enough defined to provide 

individually a secure comparison with their counterparts in the 
broadened B-type standards. 

For the want of a better alternative, we resort to 'well-chosen' 
He I lines. The full-widths of the weaker singlet transitions at 4009 
and 4144 A at the continuum level are respectively 670 and 610 
km S-I (to within 30 km S-I, or 1 detector pixel). Such high
excitation lines (ls2p-1s7d and 1s2p-1s6d) at such short wave
lengths are unlikely to be significantly altered by circumstellar 
emission. This surmise gains support from the fact that the equiva
lent widths of these features are quite well-matched to those of 
lID 154445 (a point demonstrated by Fig. 5). It might therefore be 
reasonable to halve the mean of these full-widths to obtain the 
estimate, v sin i = 320 km S-I . Similar measurement made directly 
on the same lines in lID 154445 does fall within 10 km S-I of the 
v sin i estimate given in Table 2 for this star. The error on the 
MWC 297 measurement is certainly larger. 

In summary, we have established that MWC 297's absorption
line spectrum closely parallels the photospheric spectrum of a 
B 1.5V star and that MWC 297 is a rapid rotator with v sin i of 
order 350 km S-I. The uncertainty in spectral type is difficult to 
quantify. It is probably of the order of a half sub-type, in view of 
Fig. 3. The projected rotation speed is uncertain to within :'::50 
kms-I. 

4 THE EXTINCTION TOWARDS MWC 297 

MWC 297 is a markedly reddened object. The extinction towards it 
has been estimated in a number of different ways. Optical UBVRl 
measurements due to Bergner et al. (1988) have been dereddened 
both by Hillenbrand et al. (1992) and by Gorti & Bhatt (1993). Both 
works adopt a spectral type of 09 - argued by Hillenbrand et al. as 
consistent with a distance of 450 pc to the source. The latter derived 
Av = 8.3 for Rv = 3.1 [where Rv is defined as AvIE(B - V)], while 
Gorti & Bhatt stopped at specifying E(B - V)= 2.67:'::0.04. In fact 
the assumed spectral type is not critical here in that the intrinsic 
BVRl slope of an 09 star is not very different from that for B1.5V 
[we note that the U band is unsafe for reddening measurements in 
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Figure 5. A comparison of He I absorption lines in the Xc = 4080 A data. In each panel the same part of MWC 297's spectrum spanning a pair of He I lines is 
repeated three times (solid lines). Increasingly broadened versions of the same features in the spectrum of lID 154445 are shown superimposed (dotted lines). 
From top to bottom the extra broadening is 200, 300 and 400 km s -1. Differences in local continuum slope make exact matching difficult (most notably around 
the triplet 4026-A line). This is least troublesome around the 4143-A feature, where it is easiest to see that lID 154445 gives best agreement with MWC 297 if it is 
convolved with a v sin i = 300 km S -1 theoretical profile. For the purpose of display, arbitrary vertical shifts have been applied to the data. 

this case because MWC 297's U magnitude is known to be very 
much more variable than that measured in longer wavelength filters 
(Bergner et al. 1988)]. However, the choice of Rv is critical with 
respect to the derived Av since the photometry only really deter
mines E(B - V) independently of adopted spectral type and dis
tance. 

Par-red and infrared observations have also been used to estimate 
Av for MWC 297. These are direct measures, effectively indepen
dent of Rv, for the reason demonstrated by Cardelli, Clayton & 
Mathis (1989, hereafter CCM) that the commonly adopted red
dening laws are independent of this quantity longwards of the R 
band. Thompson et al. (1977) obtained Av = 6.7 ± 0.4 on 
comparing observed H I line flux ratios with predicted recombina
tion Case B values. This result is potentially compromised by 
mixing Kuiper Airborne Observatory data (pa) with ground
based FrS data (Bry, BrIO, Pf3 and P'Y) taken at different times. 
Since then McGregor, Persson & Cohen (1984) have derived Av = 
8.3 from Paschen line and Ha line flux measurements made with the 
Mount Palomar 5-m telescope, which they were able to compare 
with an estimate of Av = 7.9 based on correcting the continuum 
slope to a Rayleigh-Jeans form. Similar, but as yet unpublished, 
line and continuum measurements obtained using IRIS on the 
Anglo-Australian Telescope in 1994 yield reddenings in excellent 
agreement with McGregor et al.'s results (Porter, Drew & 
Lumsden, in preparation). 

It seems, therefore, that there is consistency between the far-red! 
infrared direct measurements of Av and those of Hillenbrand et al. 
(1992) and Gorti & Bhatt (1993) for Rv = 3.1. Thus it would seem 
thatAv ~ 8 and that the mean reddening law derived for the diffuse 
ISM can be applied satisfactorily to an object that, by virtue of its 
enormous infrared excess (see Hillenbrand et al. 1992; Berrilli et al. 
1993), is certainly in possession of a circumstellar dust shell. This 
is, perhaps, surprising and worth further investigation. Here, we use 
comparisons between the observed spectral slopes in MWC 297 and 
those in HD 154445 to try to learn more about the plausibility of Rv 
= 3.1. The main difference between previous photometric determi
nations of extinction and the use of our spectral data is that we are 
able to examine the suitability of a given reddening law in finer 
detail, free of contaminating source line emission (the Balmer lines, 
primarily). When it is appreciated that, at the time of our optical 
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spectroscopy, Ha contributed roughly half the broad-band R flux, it 
can be seen why this is not just an academic exercise. We also 
consider the effect of choice of extinction law. Specifically, we 
compare estimates of E(B - V) derived using the mean Rv = 3.1 
galactic extinction law compiled by Howarth (1983, hereafter H83, 
a form that uses and nearly matches van de Hulst's No. 15 law in the 
optical) with those obtained for laws with Rv = 2.7, 3.1 and 5 
calculated according to the prescription given by CCM. 

We have applied the following procedure to our spectra centred 
on 4600, 5000, 6055 and 6895 A. Each segment of spectrum was 
progressively dereddened according to a particular extinction law 
and compared for slope with that observed in the B 1.5V standard, 
HD 154445. The match of slope was determined by locating the 
applied colour excess giving a minimum in the rms deviation 
calculated between MWC 297 and HD 154445 (after normalization 
to the same mean count). This method has greater objectivity than 
'by eye' methods, and only requires the snipping out of any strong 
H I and He I spectral lines present. All results were checked by eye -
we would associate a 30- error bar of about 0.15 in E(B - V) with 
our method in the B band (at significantly longer wavelengths the 
uncertainty is necessarily worse, rising to about ±0.4 at ~70oo A). 
Elimination of strong spectral lines proved to be so problematic for 
the spectral segments centred on 4080 and 6475 A that this method 
of reddening estimation effectively broke down. Hence results are 
not quoted for them. 

It so happens that HD 154445 is itself non-negligibly reddened 
[E(B - V) =0.41, see Table 2]. Its colour excess was calculated by 
comparing the observed B - V colour with the tabulated intrinsic 
colour for its spectral type. On de-reddening HD 154445 with 
respect to HD 186618 and HD 214432 (in the same manner as 
MWC 297 using the H83Iaw), we obtained an E(B - V) difference 
consistent with those quoted in Table 2. Accordingly, the colour 
excesses set out in Table 4 are our estimates of E(B - V) for 
MWC 297 after adding a correction of 0.4 to account for the 
reddening of our comparison star. 

The results in Table 4 are somewhat surprising. We find that the 
H83 mean extinction law yields a weighted mean E(B - V) of 2.8, 
with a plausible scatter. By contrast, the CCM law for the same Rv 
does not provide a consistent E(B - V). Our estimates show quite a 
marked dependence on wavelength. On the face of it, it must be 
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Table 4. Values of E(B - V) (dereddening applied to spectra of MWC 297) 
which produced a best match with the observed spectral slope of 
lID 154445(B1.5V). E(B - V) is -0.4 for this comparison star. The 
values given in this table take this into account (Le. 0.4 has been added to 
measured dereddenings). The wavelength in the left-hand column gives the 
centre of the wavelength range fitted. Each successive column after this 
gives the colour excesses derived for different choices of reddening law. 

H83 CCM reddening laws: 

Ao R=3.1 R=2.7 R=3.1 R=5 

4600 A 2.85 2.35 2.40 2.50 
5000 A 2.70 2.50 2.50 2.55 
6055 A 2.90 3.40 3.20 2.50 
6895 A 2.95 3.95 3.50 2.25 

concluded that the CCM Rv = 3.1 law is unsatisfactory. Only for 
Rv = 5 does the CCM dereddening approach consistency 'at 
E(B - V) = 2.5. This implies an Av of about 12.5 - markedly 
higher than the near-infrared reddening determinations (-8). 
Closer examination of the reddening laws reveals that the problem 
is in the curvature of the CCM polynomial fits through the R-band 
region (sampled by the x., = 6055 and 6895 A spectral ranges). In 
particular, it might have been hoped that the H83 and CCM 
Rv = 3.1 laws would follow each other closely, particularly 
through the R band where, in any event, one would expect near
independence of Rv (see discussion by CCM on this point). We 
have found that they do not. 

Noting that the greatest sensitivity to both Rv and E(B - V) 
should be ~hortward of the V band, it can be seen in Table 4 that all 
three CCM laws point towards E(B - V) = 2.5 in this range. For R v 
= 3.1, this implies anAv of7.8. TheH83 results, on the other hand, 
suggest anAv of 8.7. These values ,straddle the earlier red-infrared 
extinction measurements. It would seem therefore that the best 
reconciliation of the blue part of the spectrum with the red-infrared 
remains the standard diffuse ISM value of Rv = 3.1. Application of 
the Rv-dependent reddening laws of CCM has not provided a shape
sensitive distinction - our 4600-A spectral segment is not blue 
enough. Added to this, our exercise has uncovered a compatibility 
problem in the R band at Rv = 3 in that the CCM prescription at 
these wavelengths does not closely'follow H83 (or, by implication, 
the widely used van de Hulst law No. 15, see Rieke & Lebofsky 
1985). illtimately, to learn more about this interesting sightline, 
ultraviolet spectrophotometry is needed. 

5 THE DISTANCE TO MWC 297 

In the recent literaturel the distance to MWC 297 has been estimated 
to be in the region of 500 pc. For example Bergner et al. (1988) 
proposed 530 ::!::: 70 pc (and a BO spectral type). The not dissimilar 
figure of 450 pc was suggested by Canto et al. (1984) who obtained 
it from CO velocities measured along its sightline. The latter noted, 
however, that kinematic estimates cannot be relied upon when the 
implied distance is much under 1 kpc, as in this case. 

It has been shown in preceding sections that MWC 297's spectral 
type approximates well to B 1.5 to within half a spectral class. It has 
also been found that the star is a rapid rotator .< 'lI sin i > 300 km s -1). 
This makes it most plausible that MWC 297 is on or very close to 
the main sequence. If indeed the object is a B 1.5V star, its absolute 
visual magnitude can be estimated to be -2.8, using the tables of 
Schmidt-Kaler (1982). On adopting a visual extinction A,v= 8, and 
a mean apparent V magnitude of 12.2 (Bergner et al. 1988), we may 

, arrive at the much more modest distance of 250 ::!::: 50 pc. The error 
estimate here arises from uncertainties in absolute magnitude and 

, total visual extinction (both may be viewed as uncertain to within 
-0.5 mag). 

Strong support for this downwards revision of the distance is 
. provided by the results of the wide-latitude CO survey of Dame & 
Thaddeus .(1985). They surveyed the Galactic disc between lati
tudes b = ~ 5° and +6° and identified CO velocity components 

, associated with a number of local molecular clouds including the 
Aquila Rift - which the sightline to MWC 297 pierces. The 
Galactic coordinates of MWC 297 are e = 26~8, b = +3~5. The 
Aquila Rift spans the longitude range from -20° up to -40°, and 
straddles the Galactic equator from b - -2° to around +8° at 
MWC 297's longitude. Indeed, Herbig (1960) noted that 
'MWC 297 is located in one of the darkest areas of the Aquila 
Rift'. Canto et al. detected two l3CO emission components toward 
MWC 297, at VLSR= 4.1 and"" 12.4kms-1• In perfect consistency 
with this, Dame & Thaddeus (1985) specified a mean velocity of 
8 kriI S-l and a FWHM of7 kin S-l for the Aquila Rift. Crucially, 
Dame & Thaddeus also assigned a mean distance of 200 pc to this 
structure and an upper limit of 300 pc, citing a string of references in 
support of this (see the appendix of their paper). 

Our revised lower distance therefore allows a simple picture of 
MWC 297. It is a young main-sequence star in the kind of location 
that we expect to find such objects - 'deeply embedded in (a) dark 
cloud' (Herbig 1960, again on the location of MwC 297). The 
higher, more commonly quoted distance of -500 pc places it in a 
location that is less certainly associated with the Aquila Rift. 

On associating MWC 297 with the Aquila Rift, it becomes 
possible to establish some constr8mt on how much of the extinction 
towards the star is likely to be circumstellar. As the cloud is 
relatively close to the Sun, there is little likelihood that the diffuse 
ISM contributes a significant extinction component at all. 0 stars at 
minimum distances of 1 kpc, lying behind the Aquila Rift, have 
been estimated as having Av in the range 3-4 (Dame & Thaddeus 
1985, O-star data from Garmany, Conti & Chiosi 1982). This could 
allow around one-half of the extinction toward MWC 297 to be 
contributed by cloud column, as distinct from circumstellar mate
rial. More on this can, in principle, be gleaned from the diffuse 
interstellar band spectrum towards the star [a subject to be dealt 
with in a later paper (Oudmaijer et Ill., in preparation)]. 

Having considered the e\jdence that MWC 297 is a rapidly 
rotating B 1.5V star located in the Aquila Rift, it is appropriate to 
turn next to the evidence that it still bears the hallmarks of youth. 
This is to be found both in the radio do'main and in its optical and 
infrared H I and He I spectral line properties. 

6 MWC 297 AT 5 GHz 

At the full MERLIN resolution, MWC. 297 was completely resolved 
out with an rms noise level of 0.070 mJy in a synthesized beam of 
0.07 x 0.03 arcsec2• When a lIlodest amount of tapering was applied 
to the visibilities the source was detected reasonably well. A map 
formed by applying a 3-MA ~r and,a careful, deep CLEANing is 
shown in Fig.6. Hlfre, the synthesized beam is 0.14, x 0.11 arcsec2 

and the rms noise level is 0.096 mJy. The peak flux is 1.3 mJy 
beam-I, which corresponds to a peak brightness temperature of 
4100 K. The total flux density of the source is 3.7::!:::0.25 mJy. This is 
much less than the 13.3 mJy measured wit,h 20-arcsec ~solution by 
Skinner? Brown & Stewart (1993) at 5 GHz. It is very likely that 
MERLIN has resolved out a subs~tial fraction of the flux, but it is 
also plausible that source variability is implicated as well. 
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Figure 6_ 5-GHz MERLIN map with a 0.14 x 0.11 arcsec2 beam. Contour 
levels are -3, 3, 6,9 and 12 times the nns noise level. Note the extended 
emission at PA=l64°. 

A two-dimensional Gaussian fit to our 5-GHz map yields an 
observed size of 0.31 x 0.20 arcsec2 and a deconvolved size of 0.28 
x 0.17 arcsec2 at PA=154°:t3°. If we calculate the size we expect at 
8 GHz assuming a stellar wind scaling of pO.6 (Wright & Barlow 
1975) we obtain 0.21 x 0.13 arcsec2, in excellent agreement with 
the deconvolved dimensions obtained by Skinner et al. (1993). The 
Gaussian fit does not accurately represent the parameters of the 
protrusions to the north and south which are in total about 0.5 arc sec 
in length at a PA=l64°. At a distance of 250 pc this corresponds to 
125 au, similar in size to the major axis of the 5-GHz emission from 
S 106 IR (Hoare et al. 1994). 

In the case of S 1 06, where the geometry is well known, the radio 
major axis is in the equatorial plane. In the light of new evidence, an 
equatorially enhanced wind also seems to be the likely explanation 
for the highly elongated radio structure in S140 IRS1 (Hoare & 
Muxlow 1996; Hoare, Glindemann & Richichi 1996). It is therefore 
natural to assume as a first hypothesis that the elongation seen in 
MWC 297 is also due to equatorial outflow (linked with a circum
stellar disc). However, there are arguments in favour of a jet 
interpretation for the radio emission from some luminous young 
stellar objects (Rodriguez et al. 1994) and a spectacular example of 
one in GGD 27 (Marti, Rodriguez & Reipurth 1993), so caution has 
to be exercised, particularly here, where there is some evidence of 
more modest extension in the east-west direction as well. 

The radio luminosity of MWC 297 is similar to those of other 
Herbig Be stars (Skinner et al. 1993) and luminous young stellar 
objects. It is of interest in the present context to compare these 
findings with what is known of the radio properties of classical Be 
stars. They are typically much weaker radio sources (Taylor et al. 
1990) than the Herbig Be stars, their radio luminosities being at 
least an order of magnitude lower. In classical Be stars, the radio 
emission is predominantly due to ionized gas in a dense circum
stellar disc in which the rotational component of motion is at least as 
significant as radial outflow. Only one has so far been resolved in the 
radio: 1/; Persei by Dougherty & Taylor (1992). They found an 

© 1997 RAS, MNRAS 286, 538-548 

asymmetric source whose major axis lies in the equatorial plane as 
derived from polarization measurements and is 17 au long. If we 
scaled the north-south radio size of MWC 297 with radio lumin
osity and frequency to compare with tf Persei, again assuming a 
pO.6 spectrum, we would predict only 7 au (under half of its actual 
extent). If the underlying geometries are similar, this scaling tells us 
that the mean density is lower in the classical Be star case, rendering 
the radio emissive process less efficient. 

Flattened ionized structures have also been seen in Ha emission 
in a classical Be star by means of optical interferometry (t Tau, 
Quirrenbach et al. 1994). As for 1/; Per, this is oriented perpendicu
larly to the direction of intrinsic linear polarization. This is entirely 
in keeping with the concept of an equatorial circumstellar disc. 
MWC 297 may conform to this pattern. 

The four epochs of V-band linear polarization data presented in 
Vrba, Schmidt & Hintzen (1979) and in Hillenbrand et al. (1992) 
provide angle measurements that range from 91° to 98°, and 
percentages ranging between 1.4 and 2.1 per cent. The angle data 
suggest an orientation roughly perpendicular to the radio axis. 
However, the interstellar medium and reflection nebulosity 
around MWC 297 are both going to contribute to the total observed 
polarization (see Vrba et al. 1979). Data on polarization measure
ments of nearby field stars given in Hillenbrand et al. (1992) can be 
used to estimate an interstellar correction. This has only a modest 
effect on the angle, rotating all four measurements to within a 
couple of degrees of 111°, while the effect upon the percentages is 
much greater, raising them to pepper the range 3.4-3.8 per cent (the 
intrinsic percentage of 2 per cent quoted in Hillenbrand et al. for 
MWC 297 is incorrect). The 10- and 19-arcsec apertures used in 
these polarimetric observations render separation of the linear 
polarization intrinsic to MWC 297 from that due to reflection 
nebulosity more problematic. In view of the circularly symmetric 
pattern often associated with such nebulosity and the fact that 
nebular extension of the Balmer lines off-star is not clearly evident 
in our long-slit spectra, it is possible that the 'point source' intrinsic 
angle may dominate the measurements. This can readily be checked 
in the future by obtaining polarimetric observations through a 
smaller aperture. 

For the time being, the situation has to be described as ambig
uous. First, the polarization angle seems to be more nearly perpen
dicular to the radio axis than it is parallel. In exceeding 3 per cent, 
however, the ISM-corrected polarization percentage is much higher 
than is typical for classical Be stars (P < 2 per cent: Waters & 
Marlborough 1992), and higher than is theoretically plausible for 
polarization due solely to electron scattering in an ionized circum
stellar disc (e.g. Fox 1994). All or part of the observed polarization 
may ultimately be due not just to spatially resolvable reflection 
nebulosity, but also to the effects of a circumstellar dust shell. 

7 OPTICAL AND INFRARED LINE EMISSION 
IN MWC 297 

The continuum rectified spectra of Ha, H~ and Bra are provided in 
Fig. 7. The lines are extremely strong, with Ha reaching 120 times 
the continuum level at line centre. Ha is singly peaked, with an 
indication of asymmetry in the centre of the line profile. The wings 
extend to over 1000 km s -1. Some of this broadening is probably 
due to electron scattering. A single-component Gaussian fit through 
the line gives a central velocity of 16 km s -1 (local standard of rest, 
LSR). In the second panel the H~ line can be seen to be more 
symmetric than the Ha line, and to be narrower. Its central velocity 
is 19 km S-I. In the third panel the near-infrared line Bra is shown. 
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Figure 7. A montage of the Ha, H(3, Bra and He I 1.0830-lLm line profiles. 
The Bra and He I 1.0830-fLm profiles were obtained at UKIRT approxi
mately a week after the optical spectra were obtained at the WHT. The units 
on the vertical axis are nonnalized flux or (for the He I profile) rescaled flux. 
Note the complexity of the blue wing of the He I line profile and the 
progressive narrowing of the H I lines. 

Table S. Collected data on Ha, H(3 and Bra as observed in 1994 late June. 

Transition EW Vee. FWHM Observed Dereddened 
line flux line flux 

(A) km s-I (LSR) 'kms-I Wm-2 Wm-2 

Ha -649 16 210 7.7 (-14) 3.4 (-11) 
H,6 -31 19 160 6.0 (-16) 4.9 (-12) 
Bra -55 3 53 1.1 (-13) 1.3 (-13) 

It too is singly peaked, and is very much narrower than either Ha or 
H~. Its FWHM is just 53 km S-I. The central velocity is determined 
to be 3 km S-I. 

The helium 1.0830-lJ.m line is also plotted in Fig. 7. Since the line 
profile almost reaches to the limits of the small free spectral range, it 
was decided not to fit the continuum, but simply to rescale the 
spectrum to an approximate unit continuum. The line profile is quite 
complicated, and may be described most simply as a P Cygni 
profile, with an emission component within the blueshifted broad 
absorption. At this stage such a description cannot be elevated to the 
status of a model. On the red wing, the emission extends to at least 
280 km s -I (LSR), but may reach as far as 450 km S-I . The blue side 
of the line extends to at least -180 km S-I. The two absorption 
minima inside this limit are located at -114 and -27 km s-I. At 
velocities more negative than -180 km S-I, the data are ambiguous: 
either there may be further broad and low-contrast absorption at 

around -400 km s -I, or one might regard the 'bump' between -400 
and -200 km S-I as emission. Either interpretation argues for the 
detection of gas moving towards us at velocities of at least 
200kms- l . 

Measurements made on Ha, H~ and Bra are reported in Table 5. 
It can be seen that Ha is by far the broadest line with a FWHM of 
210km S-I, followed by H~ withFWHM = 160 km S-I. The higher 
Balmer lines (not tabulated) continue to narrow, dropping to a 
FWHM of 140 km s -I by H8 at 3889 A. This trend is to be expected 
for an accelerating outflow, where the more optically thick line 
(Ha) is formed in a larger volume than are less optically thick lines, 
which probe smaller volumes and thus lower velocities. Bra 
continues this trend. Potentially more noteworthy is the fact that 
Bra provides no hint of double-peaking. As we may assume that 
this weaker line arises within a much smaller volume than the 
Balmer lines, this fact combined with the high v sin i deduced from 
the blue spectra suggests that there is no, or little, contribution to the 
H I lines due to a rotation-dominated circumstellar disc. Its narrow
ness, relative to the Balmer lines, indicates that the outflow 
acceleration is very gradual (if just one body of gas is responsible 
for all H I line production). 

Lest it should seem that the HI linewidth pattern is uncompli
cated and easily understood, it should be noted that the Bra and Bry 
profiles obtained a year earlier in the summer of 1993, and 
presented by Murdoch & Drew (1994), do not allow this. Murdoch 
& Drew showed that Bry was broader, rather than narrower, than 
Bra. Either this is to be attributed to an non-local thermodynamic 
equilibrium effect or it is an indication that the concept of a simple 
outwardly and gradually accelerating outflow breaks down on the 
smaller scales sampled by the Brackett lines. 

Some information about the excitation characteristics can be 
derived using the knowledge that we now have of the spectral type 
of the star. By multiplying the line equivalent width of both Ha and 
H{3 with a Kurucz (1991) model (Teff = 24000 K, log g = 4.0) 
typical for a B 1.5 main-sequence object, we can estimate the 
intrinsic line flux ratio. It turns out that the reddening-free HaIHP 
ratio is 7, much more than the optically thin value of -3 (because 
these emission lines are so very strong, there is no reason to be 
concerned about correction for underlying photospheric absorp
tion). This surplus of Ha emission is presumably indicative of 
significant collisional excitation. In view of the star's spectral type 
and the enormous Balmer emission-line fluxes observed, we must 
expect excited-state photoionization to sustain the ionization of 
hydrogen. This typically entails high densities and optical depth. It 
is therefore plausible that collisions modify the H I line flux ratios. 
The extremely high value of the intrinsic Ha/Bra flux ratio, -260, 
as compared with the Case B value of -44 (Hummer & Storey 
1987), suggests that collisional enhancement affects at least H~ 
also. 

8 SUMMARY AND DISCUSSION 

The key results of this study are that the Herbig Be star MWC 297 
has been assigned a spectroscopically based spectral type (B 1.5V) 
and has been shown to be a rapid rotator (v sin i in the region of 
300-350 km S-I). In addition it has been argued that commonly 
quoted distances to the object are too large by around a factor of 2 -
a distance revised downwards to 250 ± 50 pc allows an association 
between MWC 297 and the molecular gas of the Aquila Rift. 

Finkenzeller (1985) endeavoured to obtain vsini values for a 
number ofHAeBe stars, using a similar method to this work (i.e. by 
comparison with rotationally broadened lines of standard stars). 
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Two very rapid rotators (amongst the 19 HAeBe candidates for 
which v sin i was determined) were identified: HD 52721 at 
400 ± 40 km S-I (type Be), and BD +41°3731 at 300 ± 30 
km S-I (type B2, also on Herbig's original list). Although both 
stars are located in reflection nebulae, their claims to membership of 
the Herbig AelBe class are relatively weak, given that their infrared 
excesses are no greater than that due to free-free emission in 
classical Be stars. Furthermore, BD +41°3731 has been observed 
even without net Ha emission (Finkenzeller & Mundt 1984). None 
of the other stars on the list exceeds v sin i of 200 km s -I. Similarly, 
in a more recent study, Bohm & Catala (1995) found no objects with 
a v sin i > 190 km s -I in a sample of 24 rotational velocity 
determinations for HAeBe stars (by comparison with broadened 
synthetic spectra). Indeed, their mean v sin i for seven objects in the 
mass range 4 < M < 11 Mo is 113 ± 55 kms-I, indicating rotation 
at relatively modest velocities compared with break-up. 

Therefore, since MWC 297 satisfies all the criteria normally 
required for classification as a Herbig Be star (location, emission
line spectrum, infrared excess), it is the most rapidly rotating object 
of its type yet recognized. There is certainly great potential for 
selection to be at work - there may be other rapidly rotating early 
Herbig Be stars which are not identified as such because of the 
impracticality of detecting broad low-contrast photospheric absorp
tion features in spectra that are either very heavily reddened (the 
embedded BN-type sources), or dominated by a rich emission-line 
spectrum (MWC 1080 is an obvious example of this). Furthermore, 
it is conceivable that circumstellar extinction is greater along 
sightlines closer to the equatorial plane of such stars than it is for 
directions closer to the rotation axis. It is fortunate, in the case of 
MWC 297, that it has proved possible to find heavy element 
absorption lines in the 46oo-A. region. Presently, MWC 297 has 
to be regarded as an exceptional object - but it may yet come to be 
seen as representative of a phenomenon common among young 
early B stars. 

In the past, an analogy has been drawn with classical Be stars as a 
first step to grasping some understanding of both Herbig Be stars 
and the highly obscured BN-type sources. Our greater direct 
knowledge of MWC 297 makes it interesting to revisit this to 
consider how helpful the analogy might be. First, it may be noted 
that MWC 297's projected rotation speed is entirely in keeping with 
what is typical of classical Be stars (fo~ which the mean intrinsic 
rotation speed has been estimated as 350 km S-I: see Schmidt-Kaler 
1982 and Slettebak 1982). Indeed it seems very likely that 
MWC 297's rotation axis lies close to the plane of the sky. If its 
mass is -10 Mo, as would be plausible for its spectral type, we can 
estimate that its equatorial rotation speed is -0.7 or more of the 
critical break-up rate (cf. Porter 1996). Viewed in these terms, 
MWC 297 has every right to resemble a classical Be star. 

Our assessment of the source's radio appearance in conjunction 
with published optical polarimetric data cannot yet conclude that 
the very pronounced, almost north-south, radio elongation is 
consistent with the appearance of an almost edge-on circumstellar 
disc. The observed and ISM-corrected angles of V-band linear 
polarization are respectively -94° and -111° (to be compared 
with 164° for the radio axis), leaving open the possibility that the 
intrinsic polarization may be oriented almost normally to the radio 
structure. However, there remains a significant likelihood that some 
combination of a larger scale reflection nebulosity and a more 
compact circumstellar dust shell has contributed significantly to the 
polarization data. Further observations are required to elucidate 
this. 

A major crack in the classical Be star analogy is that there has yet 
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to be a detection of double-peaked H I emission either in the optical 
or in the infrared (our Bra observation is particularly telling here, 
both because the spectral resolution of the data is high and because 
it should sample a relatively smaller volume than the much brighter 
optical lines ). If there is a rotation-dominated circurnstellar disc, it 
is not the main source of line emission. The extraordinary character 
of the He I 1.0830-ILm line profile, together with the trend in 
FWHM of the H I lines, implies instead that accelerating high
speed outflow occupies much of the line-forming region. We may 
have detected HeI 1.0830-ILm absorption out to a blueshift of 
-4ookms- l . 

To finish, we draw attention to properties of MWC 297 that 
should not be overlooked in forming an overview. First, we have 
reviewed the reddening to this object and would agree that Av is 
most plausibly about 8 mag. Furthermore, it looks as though Rv 
may very well be much the same as commonly quoted for the 
diffuse ISM - despite this, it shall be shown in a subsequent paper 
that the relative strengths of diffuse interstellar bands do not follow 
the diffuse ISM pattern. Given that we have argued that the Balmer 
line decrement departs markedly from Case B recombination and 
that Ha was used (together with some Paschen lines) by McGregor 
et al. (1984) to estimate Av, itis remarkable that this estimate agrees 
so well with their continuum determination [a coincidence con
firmed for MWC 297 and reported for many similar objects by 
Porter et al. (in preparation)]. This is a practical demonstration that 
'recombination line' dereddening generally works far better than at 
first it appears to have any right to work. 

Apropos of the Balmer lines, it should not escape mention just 
how exceptionally bright the Ha line can be in this star's spectrum -
we estimate that it contributed of the order of half the R-band flux 
in 1994 June when our optical data were obtained. However, it 
should also be noted that the emission-line spectrum, at least, is 
subject to variation. For example, our Ha equivalent width is very 
much greater than that measured by Finkenzeller & Mundt (1984: 
they obtained -133 A., little more than one-fifth of our value). On 
the other hand, the Ha flux is only 20 per cent larger than the value 
quoted by McGregor et al. (1984), while our Bra flux is twice that 
measured by Nisini et al. (1995). Photometrically the star is not so 
variable except in the U band (Bergner et al. 1988), where the 
culprit may in part be the converging Balmer series and associated 
Balmer continuum emission. As yet, the time-scales for variability 
are not properly defined. It could be useful to remedy this. 

Lastly, we comment on the radial velocity of MWC 297. Depend
ing on the line measured, we obtain an LSR velocity of anything 
between 2 km S-I (He I 5876 A.) and -20 km S-I (the Balmer lines). 
These velocities straddle the CO velocity determinations of Canto 
et al. (1984) but are significantly less than the LSR velocity of 
45 ± 2 km s -I measured by Fich, Treffers & Dahl (1990) for the 
seemingly associated H II region S62. This difference makes 
physical association between S62 and MWC 297 rather unlikely. 

The origin of the flow responsible for the radio and spectral line 
emission is an intriguing problem to confront in future work. It may 
yet be a disc wind. If so, the disc itself may be relatively dark. Direct 
mass loss from the star can be ruled out, given how relatively feeble 
the directly observable consequences of mass loss in normal field 
(or indeed classical Be) stars are. However, the effective emissivity 
of either a stellar or a disc wind could be boosted by interaction with 
a dense circumstellar medium. Innate or shock-induced clumpiness 
will yield the necessary higher mean squared density. The problems 
to be solved here are not easy - but the chance of solving them for 
MWC 297 must now be greater than for any other young early-type 
star. 
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