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MODELLING THE DUST EMISSION OF THE L1551 IRS5 BINARY SYSTEM

M. Osorio,! P. D’Alessio,? J. Muzerolle,® N. Calvet,* and L. Hartmann*

RESUMEN

Modelamos la fuente L1551 TRS5 como un sistema de dos protoestrellas con sus discos circunestelares, los cuales
a su vez estan rodeados por un disco circunbinario. Todos los elementos del sistema todavia estan inmersos su
envoltura natal, que se encuentra en colapso. Con este modelo calculamos autoconsistentemente la distribucién
espectral de energia de la fuente, y reproducimos las absorciones caracteristicas de agua y silicato, asi como la
distribuciéon espacial de brillo de la envolvente y de los discos. Comparando el modelo con las observaciones
determinamos los parametros de todas las componentes del sistema. Encontramos que una envoltura achatada
es la mas adecuada para explicar las observaciones y que la tasa de acrecién de material en esta envoltura es
mucho mayor que la tasa de accrecién en los discos circunestelares.

ABSTRACT

We model the L1551 IRS5 source as a system containing two protostars, each surrounded by a circumstellar
disk, both encircled by a circumbinary disk, and all disks surrounded by an extended infalling flattened envelope.
With this composite model, we can calculate self-consistently the spectral energy distribution of the source,
the shape of the ice and silicate features, and the spatial intensity distributions of the envelope and disks. We
compare our model results with the observations, determining the physical parameters of the disks and the
envelope. We find that flattened envelope collapse models are required in order to explain the observations,
and that the infall rate of the envelope is much larger than the accretion rates of the binary disks.
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1. INTRODUCTION

L1551 IRS5 is a prototypical Class I source. It is
located in a nearby star-forming region (d = 140 pc),
and it is the first object where the molecular bipo-
lar outflow phenomenon was discovered. For these
reasons, it has been one of the most studied young
stellar objects (YSOs), and a wide database is avail-
able. At present, it is known that L1551 IRS5 is
a binary system of two protostars, separated by 45
AU, each of them surrounded by a circumstellar disk
(CS) of radius ~10 AU; both CS disks are encircled
by a much larger circumbinary disk (CB), which is
still surrounded by a dense and large envelope of ra-
dius ~8000 AU (see left panel of Fig. 1). In this
paper we present a model of the dust emission of
L1551 IRS5, including all these components. From
the results of this modelling we infer the properties
of each component of the system and we determine
their contribution to the emission observed with dif-
ferent instruments and wavelengths.
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2. MODELLING AND RESULTS

We calculate the emergent flux of the envelope
using the radiative transfer methods developed by
Calvet et al. (1994), applied to envelope models with
different degrees of asphericity and inclinations. For
the CS disks, we assume flared disks heated by vis-
cous dissipation and by the irradiation of the enve-
lope. Since the CB disk is large, its main source of
heating is the irradiation from the envelope, and its
surface density and temperature can be represented
by power laws. In the calculations of CS and CB
disks we adopt the procedures and approximations
described in D’Alessio, Calvet & Hartmann (1997).
In the following, we describe the properties obtained
for the different components.

The properties of the envelope are mostly de-
termined by the single-dish total flux density and
spatial intensity distribution in the mm wavelength
range (see references in Osorio et al 2003). A very
flattened envelope with an inclination angle similar
to that of the CS disks, and an infall accretion rate of
~7x1075Mg yr~! is required to explain the obser-
vations. We find that the emission of this enevlope
is the dominant component in the 3 to 200 pm wave-
length range covered by the ISO data points (White
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Fig. 1. (Left) Sketch of L1551 IRS5, showing the individual components. (Right) Observed data points (see references
in Osorio et al. 2003), and model predicted SEDs for the L1551 IRS5 system.

et al. 2000; see Fig. 1, right panel).

The properties of the CS disks are inferred mainly
from high-angular resolution interferometric data in
the mm range, that resolve out the emission of
the envelope (see Osorio et al 2003 and references
therein). We note that for the set of parameters ob-
tained, the emission of the CS disks is optically thick,
even in the mm range, which is in contrast with what
is generally assumed. Furthermore, we find that the
CS disks are inclined in such a way that their outer
parts hide the emission coming from their innermost
regions. Their emission peaks at mid-infrared wave-
lengths (~30 pm), but is considerably lower than the
IS0 values (Fig. 1, right panel).

The properties of the CB disk are not well con-
strained by the data, but its contribution, in addi-
tion to that of the envelope, is required to explain
the observed sub-mm flux densities. The best fit is
obtained for a CB disk of radius ~300 AU and mass
ranging from 0.02-0.4 M. Its emission dominates
that of the CS disks in the range ~60-2000 pm, even
though it is lower than that of the envelope.

From our fit, we obtain a value of 25 L, for the
total luminosity of the system, and ~55° for the in-
clination angle. The mass infall rate of the envelope
is an order of magnitude, or more, larger than the
total accretion rate through the two CS disks. This
might suggest an accumulation of material in the CB
disk, possibly with occasional cascades of accretion
into the binary system.
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