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Abstract

The ISO SWS and LWS full grating spectra of the
Herbig Be star MWC297 are presented. The spectra are
dominated by a strong continuum; in addition, in the SWS
range (2.3-45µm), emission lines from the HI recombina-
tion series, PAH emission and absorption by solid CO2,
H2O, and silicates have been observed while in the LWS
spectrum (43-197µm) [OI] and [CII] fine structure lines
have been detected.

The NIR-FIR data have been combined with ground
based photometry to derive the spectral energy distribu-
tion (SED) from optical to radio wavelengths. The ob-
served SED has been compared with the SED’s computed
with a spherical dusty envelope model parametrized by a
density and temperature law in order to probe if such a
circumstellar matter distribution is compatible with the
observations, deriving also suitable values for the spectral
type, the extinction and the distance. Consistent determi-
nation of the extinction and estimates of both the source
mass loss rate and the size of the emitting ionized region
have been derived by the analysis of the HI recombina-
tion lines of the Brackett, Pfund and Humphreys series
observed by ISO together with Paschen and Brackett lines
observed from the ground.

The results are somewhat hampered by the large beam
size of the ISO instruments. We show how the Photocon-
ductor Array Camera and Spectrometer (spectral range 60
- 210 µm) on board the FIRST satellite, with its high spa-
tial resolution (9.4 arcsec) will be able to improve our un-
derstanding of the physical conditions in the close neigh-
bourhood of MWC297 and, more generally, to shed light
on the distribution of the circumstellar matter around the
Herbig Ae/Be stars.
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1. Introduction

The Herbig Ae/Be (HAEBE) star MWC297 has originally
been classified as a B0 pre-Main Sequence star (Bergen
et al. 1988) positioned at a distance of 450 pc (Cantò
et al. 1984), but Drew et al. (1997) revised this view at-
tributing to this object a spectral type B1.5, a distance

of 250 pc and a later evolutionary state. KAO images by
Di Francesco et al. (1998) show the presence of a quite
extended circumstellar region, whose size is ∼ 60′′ × 50′′,
with a total flux of 1100±540 Jy at 50µm and 1300±640
Jy at 100 µm.

In this contribution we analyse the NIR-FIR spec-
tra of MWC297, provided by the two spectrometers on
board the Infrared Space Observatory (ISO) satellite in
order to derive the distribution and the physical param-
eters of circumstellar matter. However, the large spatial
resolution of the ISO spectrometers, in particular at FIR
wavelengths (∼ 80′′), are not good enough to directly re-
solve the morphology of the circumstellar envelope around
HAEBE stars; on the contrary, the higher spatial reso-
lution (9.4 arcsec) of the Photoconductor Array Camera
and Spectrometer (PACS, spectral range 60 - 210 µm) on
board the FIRST satellite, will be suitable for this pur-
pose. We will show the capabilities of the PACS instru-
ment in answering some of the still open questions that
we address in our analisys.

2. ISO observations

MWC297 (RA(2000): 18h 27m 39.5s; DEC(2000): -3◦ 49′

52.1′′) was observed with the two spectrometers, the Short
Wavelength Spectrometer (SWS, de Graauw et al. 1996)
and the LongWavelength Spectrometer (LWS, Clegg et al.
1996), on board ISO, during revolution 708. The spectra
(SWS: 2.3-45µm, LWS: 43-197µm) have been carried out
with the AOT01 full grating scan mode, corresponding to
a resolution from 250 to 600 for SWS and ∼200 for LWS.
Raw data have been processed with the OLP 7 and 9 for
SWS and LWS respectively. An additional analysis has
been performed in order to remove glitches, average the
different spectral scans and remove the fringes present in
the LWS long-wavelength range.

The spectra are dominated by a strong continuum with
superimposed several emission lines and features both in
emission and in absorption (fig. 1 and 2). In particular,
in the SWS range we detect 23 emission lines from the
Brackett, Pfund and Humphreys HI recombination series,
PAH emission at 3.53, 6.22, 13.56 and 14.21 µm, silicate
broad band absorption at 9.7 and 16.4 µm and absorption
features at 2.96 and 4.27 µm by CO2 and H2O ice respec-
tively. In the LWS spectrum, fine structure lines from [OI]
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Figure 1. SWS and LWS spectra of MWC297, the single spectra
of the 10 LWS detectors have been stitched.

at 63.17 and 145.53 µm plus the [CII] at 157.80 µm have
been detected (Lorenzetti et al. 1999).

3. Continuum spectrum

From the inspection of fig. 1, beam effects due to the ex-
tent of the emitting region are clearly evident since por-
tions of the spectrum observed with different beamsizes
do not overlap.

The spectral energy distribution (SED) derived from
ISO data and complemented with photometric measure-
ments from optical to radio wavelengths have been com-
pared with a spherical dusty model (see Pezzuto et al.
(1997)) for a description of the model and references to
photometric data). The temperature and density distri-
butions of the circumstellar envelope are parametrized by
a radial power law with index q and p, respectively.

By fitting the observed SED (fig. 3), the following pa-
rameters have been derived: q=0.5, p=1.1, SpT=B2, dis-
tance=280 pc and AV=7.5 mag. The spectral type and the
distance estimates are in agreement with the values given
by Drew et al. (1997). We note that in the SWS spectral
range the model predicts a flux density higher than the
observed value, this can be ascribed to the extendness of
the source which is probably larger than the SWS beams
as can be inferred from the inspection of the ISO spec-
tra (see fig. 1) in which a sharp rise in the flux density
is observed whenever the beam aperture increases (i.e. at
27, 29, 45 µm). Moreover, the SWS beam at 45µm (20′′×
33′′) is smaller than the size of the emitting region at 50

Figure 2. Continuum subtracted parts of SWS and LWS spectra
where emission lines have been detected.

µm measured by Di Francesco et al. (1998) ((57±13)′′×
(46±15)′′).
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Figure 3. SED of MWC297: circles are photometric data, solid
line is the model, crosses are model data after taking into ac-
count the beam size (diffraction) at (sub)mm wavelengths.

4. HI recombination lines

The observed HI recombination lines have been compared
with a wind model (see Benedettini et al. 1998) which
considers a spherical gas envelope, fully ionized up to a
distance R from the central star, with a constant rate of
mass loss. The gas is assumed to be in LTE condition and
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Figure 4. Line ratios of the Paschen, Brackett, Pfund and
Humphreys lines with respect to the Brα line; circles are the
SWS observations while squares are ground based observa-
tions. Solid line represents the modeled line ratios correspond-
ing to the best fit parameters: Ṁ=9 10−7 M�yr−1, R=27r∗ and
AV=7.5 mag.

to have a constant temperature of T=104 K. The adopted
gas velocity law is:

v(r) = vi + (vmax − vi)[1− (r∗/r)] (1)

where vi=20 km s−1 is the initial velocity, vmax= 380
km s−1 is the maximum wind velocity (derived from the
Hα observed profiles, Finkenzeller & Mundt 1984) and
r∗= 3.2 1011 cm is the stellar radius of a B1.5 ZAMS star
(Thompson 1984).

We use the Pfund and Humphreys lines observed by
ISO to derive the mass loss rate and the dimension of the
ionized circumstellar region and the Brackett and Paschen
lines observed from the ground by Thompson et al. (1977)
and McGregor et al. (1984) to constrain the dust extinc-
tion. Assuming the distance of 250 pc and the extinction
law by Rieke & Lebofsky (1985), we derive the follow-
ing best fit parameters: Ṁ=9 10−7 M�yr−1; R=27r∗ and
AV=7.5 mag (see fig. 4). We note that the visual extinc-
tion estimate is in agreement with the value derived with
the previous method and comparable with the value of 8.3
mag given by Hillenbrand et al. (1992).

5. The anomalous [OI] line ratio

The ratio between the two [OI] lines [OI]63µm/[OI]145µm
= 1.8±0.2 is extremely low with respect to the model pre-
dictions of both PDR (Kaufman et al. 1999) and shock
(Hollenbach & McKee 1989) which are never smaller than
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Figure 5. The emission from MWC297 and its extended circum-
stellar envelope predicted by our model as expected to be imaged
by PACS (without taking into account for diffraction). A diffuse
background has been added to the synthetic maps adopting the
values measured at 50µm and 100µm by Di Francesco et al.
(1998) after scaling for the different beamsize; at 170µm we
used the same value measured at 100µm.

10. Ratios smaller than 10 have been found also in other
YSOs observed by ISO (Saraceno et al. 1998) but the value
measured in MWC297 is the lowest.

Such a ratio could be accounted for if both lines were
optically thick and arising from a gas at T∼80 K, but this
would imply a column density NH � 5 1022 cm−2 con-
trasting with our determination of NH ∼ 1.5 1022 cm−2,
derived from the AV value. Alternatively, the observed ra-
tio could be interpreted as due to strong absorption of the
[OI]63µm line by cold (∼ 100 K) OI present along the line
of sight.

6. FIRST expectations

The better spatial resolution of PACS (9.4 arcsec) with
respect to the ISO spectrometers will be crucial to solve
some of the open problems which have been highlighted
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above; these considerations can be applicable more gener-
ally, to the whole class of HAEBE stars.

1. By using the PACS photometric capability (FOV =
3.5×1.75 arcmin2) it will be possible to spatially re-
solve the circumstellar envelope around the HAEBE
stars and to derive the physical parameters of the mat-
ter distribution. As an example in fig. 5 we show how
the extended spherical emission foreseen by our model
is expected to be imaged by the PACS arrays at 75,
110 and 170 µm.

2. By using the PACS spectroscopic capability a map of
47”×47” in both the 63µm and 145µm [OI] lines can
be used to probe their ratio in order to verify if the
anomalous value measured by ISO is locally generated
in each spatial sample or results from averaged contri-
butions encompassed by the larger ISO sampling.
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