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Abstract. We are presenting spectroscopic and imaging data
on the Chamaeleon Infrared Nebula (Cha IRN). Imaging was
done between 1 and 2.5µm and at 10µm. Spectra of the object
were obtained in the 2.1µm – 4.6µm range by ground-based
measurements as well as using ISOPHOT-S in the 2.5µm –
11.6µm range. By combining these data with a K-band speckle
image and IRAS-LRS data, we draw a complete picture of the
source. The system’s geometry, consisting of central source,
disk, and bipolar outflow cavities, is determined directly from
the observational data. Thereby we confirm earlier assumptions
on the basic geometry of the system as well as support newer
speculations by Gledhill et al. (1996) about the presence of a
binary system inside the Cha IRN.

Additionally, we fit a radiative transfer model to the spec-
tral energy distribution and derive the dust composition from
the ISOPHOT spectra and give the resulting abundance ratios.
The spectroscopic data point to an unusually silicate-poor en-
vironment of this young stellar object or a special geometric
arrangement which leads to a suppression of the feature. They
also indicate one of the most prominent H2O ice features known
as well as the presence of CO, CO2, and possibly NH3 ice.

Key words: stars: formation – ISM: jets and outflows – accre-
tion, accretion disks – line: identification – radiative transfer

1. Introduction

The Chamaeleon Infrared Nebula (Cha IRN) is a bipolar reflec-
tion nebula in the Cha I dark cloud (Schwartz & Henize 1983).
The source is associated with IRAS 11072-7727. In the near
infrared, the typical appearance of a bipolar nebula with the
two lobes separated by a dark plane points to the presence of
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a circumstellar disk. Cohen & Schwartz (1984) performed far-
infrared measurements on Cha IRN, which revealed an elon-
gated structure in north-south direction at 52µm and 100µm,
ascribed to the coolest outer parts of the disk. They estimated the
visual extinction towards the central object asAV ≈ 10 mag,
the object itself being assumed to be either an A7 main sequence
dwarf or a T Tauri star of photospheric type K7. From fitting
a 65K blackbody to the spectral energy distribution (SED) and
thereby determining the emitting area, they concluded that the
disk possesses a major axis of 20′′ (∼2800 AU at a distance of
140 pc after Rydgren 1980) and is viewed almost edge-on at an
inclination of 88.5◦. The new HIPPARCOS data on optically
visible stars near Cha IRN suggest that the actual distance is
closer to 190 pc. This distance is adopted throughout the paper.

Ageorges et al. (1996) performed a high-resolution polar-
ization study in the near infrared (NIR) and concluded that Cha
IRN consists of a central object surrounded by a disk with a ra-
dius ofrd = 1000 AU and a thickness ofzd = 300 AU, which
is inclined by 70◦ ± 6◦, assuming a distance of 140 pc. Their
model for the circumstellar environment consists of a combi-
nation of a Toomre-like disk, a free-falling spherical envelope,
and a bipolar cavity. The assumption concerning the central ob-
ject was that of a star withTeff = 7000 K andL = 18.1 L�.
However, aiming more at the determination of the geometry of
the system, they fitted the polarization maps solely at one sin-
gle wavelength. As intensity variations across the spectrum are
disregarded by this procedure, the nature of the central object
is not very well constrained.

Gledhill et al. (1996) argue from a tilt between the bipolar
nebula axis and the polar axis of the disk as concluded from
the polarization pattern that the system must possess two disks
with a tilt of ≈ 15◦ with respect to each other. The dense in-
ner disk would then be responsible for a highly non-isotropic
illumination of the outer molecular disk and the outflow and
thus provide the polarization. They suggest the tilt to be caused
by tidal forces from a young binary system inside. A similar
mechanism to produce non-isotropic illumination is considered
for FU Orionis stars by Bell & Chick (1997).

This paper presents new imaging and spectroscopic data
on the Cha IRN to learn more about this fascinating object.
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Table 1.Log of observations

Date Tel./Instr. λ Ref. Star

1992 Feb. 3.6 m/TIMMI 10µm HR4671
1992 August NTT/SHARP 2.20µm (K) Sgr 9
1994 April NTT/IRSPEC 2.30 – 2.36µm HR5787
1994 April NTT/IRSPEC 3.00 – 4.03µm HR5787
1994 April NTT/IRSPEC 4.59 – 4.86µm HR5787
1995 Nov. 2.2 m/IRAC2b 1.25µm (J) HD18847
1995 Nov. 2.2 m/IRAC2b 1.65µm (H) HD18847
1995 Nov. 2.2 m/IRAC2b 2.11µm (K’) HD18847
1996 Feb. ISO/ISOPHOT-S 2.5-11.6µm

In Sect. 2 we describe the observations and the data reduction
process. This covers the near-infrared images, obtained with
IRAC2b at ESO’s 2.2 m telescope, speckle data taken at the NTT
using SHARP I, and spectroscopic data obtained using IRSPEC
at ESO’s NTT and ISOPHOT-S. In Sect. 3 we use the imaging
data to discuss morphological properties of the nebula. These
data support the hypothesis that a very young binary system is
located inside the Cha IRN. Additionally, we derive the grain
composition of the surrounding dust from the spectra. Here we
found indications for water and, only very marginally, ammonia
ice together with clear evidence for CO and CO2. Features from
PAH emission are completely lacking and the silicate absorption
band at 10µm is not detected. Finally in Sect. 4, we present the
results obtained using our radiative transfer model to fit the SED,
the IR spectra and the mid-infrared appearance. Combined with
our new NIR images of Cha IRN, this approach results in a
self-consistent model of the source.

2. Observations and data reduction

2.1. IR spectra

Infrared spectra of the Cha IRN were obtained in April 1994
using the Infrared Spectrometer IRSPEC on ESO’s New Tech-
nology Telescope (NTT) on La Silla, Chile. A log of all ob-
servations is shown in Table 1. IRSPEC is described in Gredel
& Weilenmann (1992). Grating 1 was used for all spectra, 2nd
order for the 2.3µm range, 1st order for the other ranges. For
wavelength calibration, an internal spectral lamp was used. For
sky subtraction, a second spectrum of the object shifted a few
arc-seconds along the slit was obtained. HR5787 served as the
standard star. Data reduction followed the IRSPEC context of
ESO’s MIDAS data reduction package. Integration times were
different for each spectral range and for object and standard star,
but always chosen to result in similar count numbers and not to
saturate the detector.

2.2. JHK imaging

Imaging of the Cha IRN was performed in November 1995 us-
ing IRAC2b on ESO’s 2.2 m telescope on La Silla, Chile. The
use of objective B of IRAC2b resulted in a scale of 0.27′′ per

pixel. For bad pixel correction and sky subtraction, a mosaic
mode was chosen. In each wavelength, five integrations were
performed, four with the object in a different quadrant of the
detector, and one with the object near its centre. A sky image
was obtained by taking the median of this cube of five frames.
Bad pixels were first corrected by replacing their signal with one
from a frame with the object at a different position, then by con-
ventional bad pixel correction using a seek & correct algorithm.
This procedure resulted in a total integration time of 10 minutes
on the object in each band, with smaller integration times in
adjacent areas. Fig. 1 shows a region of the resulting K’ mosaic.
For flux calibration, similar images of HD18847 were taken.
Additionally, we incorporate a K-band high-resolution image
obtained by speckle interferometry (Stecklum et al. 1993).

2.3. 10µm imaging

The 10µm imaging was performed in 1994 using TIMMI at
ESO’s 3.6 m telescope on La Silla/Chile (Käufl et al. 1992). The
pixel scale is 0.3′′. The profile shown in Fig. 6 is the result of 750
stacked frames. The detection limit in the image is 0.6 Jy. With
this sensitivity, we do not detect any significant deviation from
the point spread function, i.e. the source appears unresolved at
the nominal resolution of 1′′.

2.4. ISO data

These observations were carried out using the spectrophotome-
ter subsystem of ISO’s imaging photo-polarimeter ISOPHOT.
A detailed description of this instrument can be found in Lemke
et al. (1996). The data processing was done using the PHT Inter-
active Analysis (PIA) software made available by the ISOPHOT
Data Centre of the Max Planck Institute for Astronomy, Heidel-
berg1. The flux of the ISO spectra differs from the IRSPEC and
the IRAS data by a factor of 2.2. Two explanations for this de-
viation can be thought of: First, the satellite was pointed at the
nominal position of IRAS11072-7727. This means, that with
the ISOPHOT field of view of 24′′×24′′, only the eastern half
of the source has been measured. Secondly, the absolute photo-
metric calibration of ISOPHOT may not yet be very accurate.
In Fig. 5, the ISO data have been multiplied by a factor of 2.2
to match the fluxes of IRAS and IRSPEC data.

3. Discussion

In this section, we use the near-infrared imaging data to discuss
the morphological properties of the infrared nebula. First, con-
clusions are drawn from the visual appearance by interpreting
the different features as astrophysical phenomena. This indi-
cates an outflow and the principal, already well-known orien-
tation of the disk. Going further, we use colour indices and the

1 PIA is a joint development by the ESA Astrophysics Division and
the ISOPHOT Consortium led by the Max Planck Institute for Astron-
omy (MPIA), Heidelberg. Contributing ISOPHOT Consortium insti-
tutes are DIAS, RAL, AIP, MPIK, and MPIA.
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Fig. 1. K’ image of the Cha IRN. The linear grey scale ranges from 0
to 4 mJy per square arc second. The features A-E are mentioned in the
text.

wavelength-dependent position of the object to confirm the de-
tails of the geometry. The second part of the section deals with
the spectra and the derivation of the dust composition therefrom.

3.1. Disk and outflow

In Figs. 1 through 3, the NIR images of the IR nebula can be
seen. They all show some common features: From the bright
knot at the reference position, the nebula stretches to the east
and, much weaker, to the west. The general features of the Cha
IRN are already well known with bright elongated structures to
the northeast (feature A), the northwest (B) and the southwest
(D). These bright lobes are generally believed to be the bright-
ened rims of parabolic cavities, cleared by outflow activity (e.g.
Gledhill et al. 1996). These cavities point to the east and to
the west. The southeastern rim is then missing, probably due to
foreground extinction. The parabolic cavities exhibit a position
angle of 87◦, which would in turn point towards a molecular disk
at P.A. 177◦. However, the polarization studies by Ageorges et
al. (1996) and Gledhill et al. (1996) show an aligned polariza-
tion vector pattern at P.A. 160◦ towards the central bright knot.
This indicates a tilted inner part of the disk, an effect which ac-
cording to Gledhill et al. (1996) might be caused by tidal forces
from a young binary system inside.

In Fig. 1 through 3, two more features can be seen: A tail-like
structure pointing from the bright knot to the west and turning
north (Feature C) and another tail, pointing east and turning
south (E). Features (C) and (E) are best visible at the shorter NIR
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Fig. 2. H Image of Cha IRN. Same grey scale and feature labels as in
Fig. 1

wavelengths, which is obvious from the J-band image shown in
Fig. 3. Fig. 4 shows the contours of the high-resolution speckle
image, superimposed on the grey-scale image from Fig. 1. These
contours reveal some inner structure of the bright knot. Apart
from the bright peak itself, the highest contours trace a structure
which seems to be the inner origin of feature E. Also, the upper
rim of the contour pattern is obviously the inner part of the
bright rim marked as feature (A). The beginning of the missing
lower rim can marginally be seen at the southern edge of the
pattern. This indicates that foreground extinction already starts
shortly south of the main peak. West of the bright knot, almost no
contour lines are visible. Only a very weak structure at position
(-2′′,+1′′) is visible. This feature shows two elongations which
could be interpreted as the origins of features (B) and (C). If
this is indeed the case, then features (C) and (E) meet at the
approximate position (0′′,+0.6′′) with P.A. 84◦. Altogether (C)
and (E) form an S-shaped feature and could be interpreted as
the signature of a bipolar outflow. The curvature indicates the
presence of a second stellar component in the system. Such a
binary can provide the bending of the two lobes, e.g. by causing
a tilt in the inner disk through tidal forces. The disk would then
start to precess and force the outflow to follow the motion of
its polar axis. This scenario is also consistent with the presence
of a tilted inner disk mentioned above. A second explanation
can be thought of by assuming the companion star itself to be
the source of the outflow. In this case the curvature could be
caused by the orbital motion (provided that the orbital velocity
is of the same order of magnitude as the outflow velocity) like
in the model for T Tau by van Langevelde et al. (1994). In
both cases, the main polar axis is defined by the large-scale



852 M. Feldt et al.: The Chamaeleon infrared nebula revisited

Cha-IRN J 
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Fig. 3. J Image of Cha IRN. In this band, the features E and C are best
visible.

molecular disk at P.A. 177◦, which is in agreement with the
bipolar cavities and probably with the orbital plane of the binary
system. As a counterpoint to this line of reasoning it has to be
mentioned that no apparent molecular outflow from Cha IRN
has been found up to now, despite a CO search with the SEST
by Ageorges (1997, priv. comm.). From Figs. 1, 2, and 3, we
computed the colour indices of the Cha IRN. The J, H, and K’
images have been aligned using the star at (+9′′,+25′′) (see the
northern edge of Fig. 1) as a reference point. The reddest parts
of the images are the bright knot itself and the two rims of the
western outflow cavity. The knot has indices ofJ–H = 1.0 mag
andH–K = 1.1 mag, whereas the western rims show indices
aroundJ–H ≈ 0.7 mag andH–K ≈ 1.0 mag. In fact, the
western rims, denoted as features (B) and (D), are hardly visible
in Figs. 2 and 3. East of the bright knot, colour indices range
up to onlyJ–H = 0.35 mag andH–K = 0.5 mag. This leads
to the conclusion that the disk is inclined such that the western
lobes are viewed through the outer parts of the disk plane.

Using the distance of 190 pc towards the object and the fact
that all the previous investigations indicate a disk inclination
of 70◦, we can now derive the linear size of the disk: Since
the western lobes appear strongly reddened out to a distance of
680 AU (and thus appear “covered” by the disk), we compute
its radius to be at least 2000 AU. This value is larger than the
1000 AU obtained by Ageorges et al. (1996) and the 1400 AU
assumed by Cohen & Schwartz (1984) and Gledhill et al. (1996).
However, the latter two sizes were based on a distance estimate
of 140 pc.

Another fact can be utilized to confirm the spatial orientation
of the disk: If we calculate the centroid position of the bright
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Fig. 4.Central part of the K image, overlaid with contours of the high-
resolution speckle image. Contour levels are 1,2,3,4,5,6,8,10,20, and
40 times 0.12 Jy per square arc second.

knot, we see that it is different in the three bands. The position
in H is shifted by (∆α=-0.3′′, ∆δ=-0.08′′) with respect to J,
in K by (∆α=-0.5′′, ∆δ=-0.08′′). This positional shift between
wavelengths is a classical indicator for reflection at cavity walls
emerging from an inclined disk (see, e.g., Stecklum et al. (1997)
for GGD 27 or Close et al. (1997) for HL Tau). The small shifts in
declination point to a very small bending angle out of the north
south plane. From these measurements, the position angle of
the disk plane would be between 170◦ and 180◦. This indicates
that the large-scale disk (not the tilted, inner one) is responsible
for the effect of the position shift between wavelengths. The
direction of the shifts also confirms that we are facing the eastern
surface of the disk, the inclination therefore obscuring and thus
reddening the western cavity walls. However, the errors in these
measurements are of the order±0.3′′, so this can only be seen
as a principal indicator. The fact that we do not see the small-
scale inner disk with this method is consistent with Gledhill
et al. (1996), who assume this part to be unresolvable by their
observations. This means that the inner disk should not show
any direct effect in our images.

3.2. IR spectra

We will now discuss the infrared spectra taken with IRAS, ISO,
and IRSPEC. The combined spectra of the Cha IRN are shown
in Fig. 5. Several features can be identified in them, the most
obvious being the H2O ice band near 3.1µm. The optical depth
of 3.3 at the centre of this feature makes it one of the most
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IR Spectra of ChaIRN
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Fig. 5. IR spectra of Cha IRN. The IRSPEC
data range from 2.2–5µm and are denoted
by a solid line. The thick steps denote the
ISO data. From 8–20µm the IRAS LRS-
Spectrum is shown for comparison. The in-
set gives an enlarged view of the 2.3µm re-
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Table 2. Identified absorption features, line data and derived column densities

ID λ [µm] Designation ∆ν [cm−1] τ A [cm· molecules−1] N [cm−2]

1 2.9 NH3 52.6 1.7 1.1·10−17a 8.1·1018

2 3.1 H2O 199.3 3.3 2.0·10−16b 3.3·1018

3 4.2 CO2 14.27 1.7 3.3·10−17b 3.3·1017

4 4.7 CO 24.11 0.42 1.1·10−17b 9.2·1017

5 6.8 CH3OH??, unknown 38.1 0.26
6 8.9 NH3?? 17.4 0.26 1.7·10−17a 2.6·1017

a From d’Hendecourt & Allamandola (1986)
b From Gerakines et al. (1995)

prominent ones known in protostellar spectra, similar to the
one in AFGL 2136 (Kastner & Weintraub 1996) and W3-IRS5
(Smith et al. 1989). The long wavelength wing of the feature
is slightly different in the IRSPEC and ISOPHOT spectra. The
IRSPEC data indicate a more pronounced wing. Characteristics
of the features are summarized in Table 2. The line centre, opti-
cal depth and full width half maxima have been determined by
fitting a Gaussian profile to each absorption line and using the
parameters from the fit. For continuum subtraction, quadratic
baselines were fitted to the immediate neighbourhood of the
features. In case of the 2.9µm NH3 feature, the fit of the 3.1µm
H2O was subtracted as background before fitting the line. All
features were identified in the ISO data, the results of IRSPEC
being too noisy to deliver useful results. The IRSPEC data do,
however, confirm the general course of the spectrum. The IRAS
data also show no features, apart from a slightly noise contam-
inated confirmation of the 8.9µm feature.

In Table 2 we also give the derived column densitiesN
for each molecular species. The latter are calculated using the
relationN ≈ τ ·∆ν

A , whereA is the integrated absorbance,∆ν
the measured line width (FWHM), andτ the optical depth of
the line. The ISO data show a narrow secondary dip within
the H2O absorption feature. Decomposing the two features and
measuring their parameters yields the values given in Table 2.

These data indicate that ammonia is approximately 2.5 times
more abundant than water, a fact which seems rather unlikely.
Due to the complicated line subtraction process and the fact
that the feature shows up in essentially only one single ISO data
point, this result should be viewed with a healthy amount of
suspicion. More so, because the 8.9µm feature, if attributed
to ammonia as well, would yield a column density of only
NNH3

= 2.6 · 1017 cm−2, which makes only 8% of the water
abundance. To a limited extent, the inconsistency between the
two column densities for ammonia could be explained by the
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fact that radiation with wavelength 8.9µm is probing deeper
into the edge-on disk, while at 3µm we observe mostly photons
leaking out from the poles (Pendleton et al. 1990). If this is true,
then ammonia must be more abundant (compared to water) in
the ambient cloud material, than in the disk itself. The origin
of the 8.9µm feature is, however, uncertain altogether. It might
also be due to methanol or a forbidden line of Ar III gas.

The feature at 6.8µm is clearly visible. However, it is still
unclear, to which molecular species it can be attributed. Possible
explanations include methanol, NH+

4 and a blend of several
different absorption components (Henning 1996). We do not
derive abundances for methanol here, since we do not detect
absorption features at 3.4µm, 3.5 µm, 9.7 µm, or 14.2µm.
The other two identified features are at 4.2µm and 4.7µm,
indicating the presence of CO2 and CO. The derived abundance
ratios relative to water are consistent with the ratios for which the
absorbance strengths were determined. The latter are, however,
anyhow only weakly dependent on the mixture (Gerakines et
al. 1995). To summarize the spectral data, we detected a grain
mixture of

H2O:CO:CO2:NH3 = 100 : 28 : 10 : 8,

with the value for NH3 being rather uncertain.
Despite the disk is seen nearly edge-on, we do not find any

silicate absorption feature at 10µm. Therefore, the silicate abun-
dance in the disk seems to be unusually low. Silicate absorption
in the spectra of young stellar objects usually appears in form
of a wide, structureless feature peaking at 9.7µm (J̈ager et al.
1994). In comets and Vega-type stars, silicate features are found
that have an additional peak at 11.2µm, which indicates the
presence of crystalline silicates. As this shows that the actual
position of the silicate feature might appear shifted by a con-
siderable amount, one might now be tempted to speculate that
we did detect some silicate absorption in form of the 8.9µm
feature. However, we do not ascribe this feature to an exotic
species of silicates and do not take it as an indication of any
weak silicate absorption at all.

4. Towards a self-consistent model of Cha IRN

In this section, we will discuss the results of a radiative transfer
model which was used to construct a self consistent model of
the Cha IRN star/disk system. Before we present the results, we
will summarize the observational constraints and give a short
outline of the radiative transfer model.

4.1. Constraints on the model

By modelling the radiative transfer through the disk, it is also
possible to determine the geometry of the star/disk system. To
achieve this goal, it is necessary to fit the model spectrum to a
wavelength range as wide as possible. Additionally, it is neces-
sary to introduce as many observational constraints to the model
as possible. From the IR spectra, we learn that there is mainly
water, CO, and CO2 ice on the grains. The optical depth of
the 3.1µm ice feature ofτ = 3.3 points to a visual extinction of
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Fig. 6. The profiles of Cha IRN at 10µm compared to a point source.
Only in Declination the Cha IRN appears to be slightly resolved, i.e.
larger than the beam size of 1”

AV ≈ 70 mag (Tanaka et al. 1990). According to Mathis (1990),
this implies a K-extinction ofAK ≈ 6.3 mag. Together with the
distance modulus of 6.4 mag, we get a total extinction in K of
around 12.7 mag. As we cannot detect the central object with
our limiting magnitude of K=15 mag, this means it must at least
have an absolute magnitude ofMK=2.3 mag. If this was to be
attributed to a single main-sequence object, it would have to be
of a spectral type later than F. However, such stars do not posses
sufficient luminosity to explain the observed radiation from the
whole object, which in turn would point to another source of
radiation, e.g. active accretion from the disk. Alternatively, if
the source is “beaming out” its radiation into the outflow lobes,
as suggested by the polarized source model of Gledhill et al.
(1996), the central object might well be considerably brighter.
This would imply that the visual extinction towards the cen-
tral object can be much higher than the above estimate (see the
discussion of the radiative transfer model in the next section).
Also, considering a binary system might change this estimate
altogether.
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Table 3.Parameters used in the model fit to the SED

Central Object:
Luminosity: L = 170L�

Temperature: T = 7000K
Distance: D = 190 pc

Disk Structure:
Density distr.: ρ(r) ∼ r−1(r ≤ 60 AU)

ρ(r) ∼ r0(r > 60 AU)
Outer radius: Rout = 2000 AU
Inner radius: Rin = 5 AU

Opening angle: 45◦

Inclination: 68◦

Dust Properties:
Size distribution: a = 0.01 − 0.4µm

N(a) ∼ a−3.5(MRN)
Silicate / Carbon ratio: Si:C = 1:4

Optical data: Draine & Lee (1984)
Optical depth: τ550 = 120

A further hint towards the structure of Cha IRN is the point-
like appearance at 10µm (see Fig. 6) which means that the warm
dust is concentrated close to the central object. This is a fact,
against which the result of a radiation transfer calculation has
to be checked.

As stated in Sect. 3.1, we estimate the disk’s radius to be of
the order of 2000 AU. The fact that we do not detect any silicate
feature in the spectrum might have two consequences for the
model: Either the silicate abundance is unusually low or some
kind of geometrical effect provides a cancelling mechanism for
the expected 10µm feature.

4.2. The radiative transfer code

The code used for fitting the spectral energy distribution and
constraining the geometry of the dust configuration was devel-
oped by Manske et al. (1997) and is based on a method given
by and described at length in Men’shchikov & Henning (1997).
The main approximation used in this code is that, in spite of the
flared disk geometry, the density distribution depends on the
radial coordinate only. In addition, mean intensities and tem-
peratures are self-consistently calculated for points in the disk’s
mid-plane and at its upper and lower conical surfaces only. The
disk itself is part of a sphere with removed polar cones. Exten-
sive explanations of the code and its strategy for solving the
radiative transfer problem can be found in the two papers men-
tioned above.

4.3. The resulting model

In Fig. 7, we show the result of our model calculations compared
to the spectral energy distribution of Cha IRN. The parameters
used for the model are given in Table 3.

The fit confirms the basic assumptions on the geometry of
the system: A large-scale disk with a radius of 2000 AU, viewed
at an inclination of 68◦, i.e. 22◦ out of the plane of sight very well
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Fig. 7. The spectral energy distribution of Cha IRN (symbols) and the
model fit to it. The solid line gives the total flux from the object as
calculated from the model. Beam size effects do not apply except at
3.5µm, where the beam-corrected model flux is 0.2 Jy below the total
flux.

reproduces the spectral energy distribution. The most striking
features of the model are:

– The unusually low silicate fraction in the dust composition.
This is of course a result from the fact that no silicate feature
is observed. As we could not completely reproduce a spec-
trum without a silicate feature by varying the geometry, we
had to reduce the silicate-to-carbon ratio to 1:4. However,
our model is not able to take all possible geometric effects
into account: The density is independent from the distance
from the disk’s mid-plane. In reality however, the parts fur-
ther from the mid-plane might exhibit lower density and thus
lower optical depth. As we are looking at the central object
almost along the disk’s surface, silicate emission from the
optically thin surface layers might “fill” the absorption fea-
ture. We should note that a similar spectral behaviour (no
silicate feature) was found by Koresko et al. (1997) in case
of Haro 6-10.

– The high luminosity of the central object(s), that by far ex-
ceeds the observed luminosity of 14.4 L� from Cohen &
Schwartz (1984). Of course the highly non-spherically sym-
metric nature of the object easily explains the difference,
yet this might be another hint that more than one central star
contributes to the energy supply.

– In the near-infrared region, we only considered the light
from the inner 2′′. In order to reproduce this part of the SED,
we had to exclude scattering at the conical surfaces of the
disk. Otherwise, the near-infrared brightness of the model
would be orders of magnitude larger. This could mean that
the disk surface is protected from direct starlight. Another
possibility is the blocking of scattered NIR light by a slab
of foreground extinction (see Ageorges et al. 1996).
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Additionally, the model predicts an intensity distribution
at 10µm with a FWHM of only 0.12′′ in right ascension and
0.19′′ in declination. When observed with a 1′′ beam, the result
in declination should have a FWHM 0.02′′ larger than the beam.
This of course cannot be seen with a pixel size of 0.3′′. However
we do see a slight elongation by one pixel in declination in Fig. 6.
Fig. 6 shows the measured intensity distribution of Cha IRN at
10µm. In this figure, the source appears unresolved. This means
that we can set an upper limit of 1′′ for the size, which is in good
agreement with the model prediction.

5. Conclusions

The imaging data presented in this paper revealed an S-shaped
feature emerging from the central part of Cha IRN. This fea-
ture may be interpreted as a bended outflow. The necessity for a
“bending” mechanism points towards the presence of a binary
system inside the nebula. Additionally, our data confirmed ear-
lier assumptions on the overall geometry of the system such as
inclination and position angle of the large-scale molecular disk.
spectroscopically, we detected one of the most prominent H2O
features as well as indications for CO, CO2 and possibly NH3.
No silicate absorption feature is found in the spectra, this indi-
cates either an unusually low fraction of this molecular species
or the presence of some cancelling mechanism for the absorp-
tion feature. The radiative transfer calculations show that the
results on geometry and dust composition are compatible with
the spectral energy distribution, if three prerequisites are met:
The silicate-to-carbon-ratio has to be assumed to be 1:4, the
central object has to be very luminous withL = 170L� and
scattering of near-infrared light on the disk’s surface has to be
excluded somehow.
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