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Abstract. We present a circumstellar dust model around the symbiotic Mira RR Tel obtained by
modeling the near-infrared JHKL magnitudes and ISO spectra. In order to follow the evolution
of infrared colours in time, the published JHKL magnitudes were corrected by removing the Mira
pulsations. The RR Tel light curves show three obscuration events in the near-IR. Using the si-
multaneously available JHKL magnitudes and ISO spectra in three different epochs, we obtained
SEDs in the near- and mid-IR spectral region (1-20 µm) in epochs with and without obscuration.

The DUSTY numerical code was used to solve the radiative transfer and to determine the
circumstellar dust properties of the inner dust regions around the Mira, assuming a spherical
dust temperature distribution in its close neighbourhood. The physical properties of the dust,
mass loss and optical depth during intervals with and without obscuration have been obtained.
Both JHKL and ISO observations during the obscuration period can be reproduced with a
spherical dust envelope, while ISO spectra outside obscuration show a different behaviour. The
dynamical behaviour of the circumstellar dust was obtained by modeling the JHKL magnitudes
observed during the span of more than 30 years.

The DUSTY code was also successfully applied in the modeling of circumstellar dust envelopes
of young stellar objects, such as Herbig Ae/Be stars.
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1. Introduction
Symbiotic stars are interactive binary systems consisting of a cool red giant or a Mira

star, and a hot compact star, such as white dwarf or neutron star. Around 20% of sym-
biotic stars, called D-type symbiotics, consist of a Mira component with a circumstellar
dust shell at the temperature of around 1000 K (Mikolajewska et al. 1988, Kenyon 1986).
Obscuration events in the near-IR seen in most of the D-type symbiotics are probably
caused by a change in optical depth of the dust shell (Kotnik-Karuza et al. 2006, White-
lock 2003).

RR Tel is a symbiotic nova that underwent its last outburst in 1944 (Whitelock 2003).
A complete model of the circumstellar dust environment around RR Tel capable of ex-
plaining all near and mid-IR spectroscopic and photometric features is still to be found.
Up to now, most attempts to explain the circumstellar dust environment have included
only simple thick dust shell models acting as a blackbody, without determination of any
physical dust properties (Kotnik-Karuza et al. 2006, Whitelock 1987). The recent collid-
ing wind model of Angeloni et al. (2010) has proposed the existence of two blackbody dust
shells at 400 K and 1000 K, with maximum emission of the 400 K dust shell at around 10
microns, typical for silicate emission. Generally, only few authors used radiative transfer
in other single objects to model the dust properties.

Young stellar objects such as T Tau or Herbig Ae/Be stars show the presence of the
dust in the form of strong near and mid-IR emission (Chiang & Goldreich 2001). Some
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of these stars, especially Herbig Ae/Be stars, have significant near-IR excess that cannot
be explained with simple flared disk models, and require introduction of complex disk
geometry (Dullemond et al. 2001).

2. Observational data and DUSTY code
Multiwavelength and long-term infrared observations are needed to completely deter-

mine the dynamical model of symbiotic Miras. In order to fulfill this demand, near-IR
JHKL photometric magnitudes were collected and spectral energy distributions (SED)
from 1.2 µm to 20 µm reconstructed. We have used all available published JHKL mag-
nitudes from the South African Astronomical Observatory (Gromadzki et al. 2009), cor-
rected for Mira pulsations and interstellar reddening using our own developed algorithm.
The JHKL light curves show three distinct obscuration intervals (Kotnik-Karuza et al.
2006). Spectral energy distributions during and outside obscuration epochs were recon-
structed using ISO short wavelength infrared spectra together with the near-IR JHKL
observations at three epochs when both JHKL magnitudes and ISO spectra were simul-
taneously available.

The numerical code DUSTY (Ivezic, Nenkova & Elitzur 1999) was used to model the
dust properties of the circumstellar dust shell around the cool Mira component. DUSTY
solves the radiative transfer through the circumstellar dust, assuming a spherical temper-
ature distribution and using scaling invariance and self-similarity theory to constrain the
number of free input parameters (Ivezic & Elitzur 1997). Scaling invariance implies only
the scaled distance y with respect to the inner dust shell radius (sublimation radius),
rin , as a relevant parameter:

y =
r

rin
(2.1)

Only the shape of the dust density distribution and the spectral shape of the input
heating radiation is needed; absolute stellar luminosity does not enter the equations.
Starting from the input parameters, the code models the output radiation reprocessed
by dust and gives physical and geometrical properties of the dust shell.

DUSTY can handle various analytical forms for the dust density distribution, including
full dynamical calculation for radiatively driven winds. Various dust chemistry and optical
properties are supported (silicates, carbon, olivine, forsterite, etc.) or can be entered in
the user-supplied files. The dust grain size distribution, the minimum and maximum
grain sizes, the dust sublimation temperature, the shell size, and the optical depth can
be varied in order to produce an acceptable model. The variation in power index of the
dust density distribution gives an insight into the dust geometry (spherical shell, flattened
halo, disk-like structure).

The circumstellar model with a Mira in the centre of the dust shell was used, while
input stellar radiation was approximated with a Mira blackbody at a temperature be-
tween 2200 K and 2800 K, in agreement with its spectral class. As Miras are well known
to have strong stellar winds which drive the expansion of their envelopes, an analytical
approximation for the dust density distribution, η, enhanced by radiatively driven winds
(Ivezic et al. 1999) was used:

η ∝ 1
y2

√
y

y − 1 + (vi/ve)2 (2.2)

where vi and ve are initial and terminal wind velocities respectively. A typical MRN dust
grain size distribution (Mathis, Rumpl, & Nordsieck 1977): n(a) ∝ a−q (amin � a � amax)
was applied in the model, with the power index q = 3.5, the minimum grain size amin
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Table 1. Dust parameters of RR Tel derived from DUSTY modeling (Tm ir a - mira temperature;
Tdust - dust sublimation temperature; am ax - maximum grain size; τV - visual optical depth;
AK - extinction at K band; Ṁ - mass-loss rate; ve - terminal wind velocity)

Parameters Maximum Minimum
Obscuration Obscuration

thin shell thick dust

Tm ir a [K] 2500 ± 300 2200
Tdust [K] 1200 ± 100 1000-1200 1200
am ax [µm] 4.0 ± 1.0 0.5-1.0 1.5 ± 0.5
τV 5.2 - 5.8 0.4
AK 0.58 - 0.64 0.04
Ṁ [10−6M�/yr] 11 ± 1 0.4
ve [km/s] 26 ± 2 28

fixed at 0.005 µm, and the maximum grain size amax determined by modeling. The
dust composition typical for Miras containing 100% warm silicates has been assumed
(Ossenkopf, Henning & Mathis 1992). The outer dust shell radius was fixed at 20 rin ,
while the inner dust shell radius rin was obtained by fitting, together with the dust
sublimation temperature Tdust .

3. Results
Reconstructed SEDs and two-colour near-IR diagrams during obscuration epochs are

very well reproduced by a single circumstellar dust shell model of consistent sublimation
temperature at 1200 K and a grain size of 4.0 µm (Table 1). On the contrary, recon-
structed SEDs in an epoch without obscuration cannot be explained by a simple single
shell model as the Mira blackbody is itself almost unattenuated, while the dust emission
is still strongly present. Such behaviour suggests an optically thin dust shell around the
Mira component and an optically thick dust of undetermined geometry outside the line
of sight, probably in a kind of toroidal configuration or something similar. Modeling of
such a two-shell model yielded a very thin dust shell with optical depth around 0.4 and
thick dust outside the line of sight, both at sublimation temperature around 1200 K and
grain size of about 1.5 µm.

Our model shows no difference in dust sublimation temperatures between epochs with
and without obscuration inside the error margin. Obscuration events can be explained
by an increase in optical depth, likely to be caused by higher mass loss leading to a
larger amount of dust condensed around the Mira and to the formation of a thicker dust
shell. The only way to model the reconstructed SEDs and the near-IR colours requires
a significant change in the maximum dust grain size from around 1.5 µm to 4.0 µm
in transition from epochs with obscuration to epochs without obscuration. This can be
explained by grain growth in the dust probably originating from the Mira itself.

In young stellar objects such as Herbig Ae/Be stars, the near-IR excess requires a
larger near-IR emitting area, which can be fulfilled by use of the spherical dust shell
instead of the complex disk geometry. Simultaneous modeling of SEDs and interferometric
observations of different Herbig Ae/Be stars ranging in luminosities from 25 LSun to 90
000 LSun , have shown consistently that an optically thin dusty halo around the inner
disk regions can very well explain the near-IR excess, with no need for complex disk
geometry (Vinkovic et al. 2006).
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Discussion

K. Allers: Your point that the puffed-up disk is not necessary if you have a dust shell
does not always apply. T Tauri stars show no obscuration but do show the near-IR bump.

T. Jurkic: Yes, that is true. On the other hand, the dusty halo in the innermost parts
of the CS environment is usually optically thin (τV ∼ 0.5) and can reproduce T Tau
spectra very well. The presence of a dusty halo does not exclude the existence of a disk
which can be seen at larger wavelengths. Near-IR interferometry of T Tau stars speaks
in favor of dusty halos in the regions up to 10 AU (Vinkovic et al. 2006).

O. De Marco: Sub-mm observations can discriminate between shell and disk/torus
dusty CS geometries. Have such observations been carried out for RR Tel or other sym-
biotics?

T. Jurkic: Such observations have been used to detect disks embedded in dusty halos
around YSOs such as Herbig Ae/Be stars. Unfortunately, there was no sub-mm imaging
of RR Tel. Sub-mm spectra are affected not only by the dust emission but also by the
free-free emission, which further complicates analysis.

P. Stee: We have also tried to fit the SED of HAeBe stars using a disk model and it
is not difficult to fit the SED, especially if you have two different dusty disks. Regarding
the interferometric data, you are mainly constraining the flux ratio between the central
star and the disk rather than the global geometry since you need a better plane coverage.

T. Jurkic: It is true that better plane coverage will constrain dust geometry better.
Monnier et al. (2006) detected very small deviations from centrally symmetric images
using near-IR interferometry, which is not consistent with inclined disk models. Modeling
of the near-IR visibilities of 40 YSO (Vinkovic et al. 2007) showed that T Tau and low
luminosity Herbig Ae/Be stars are best explained by an inner dusty halo.
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