Astrochemistry: Recent Successes and Current Challenges
Poster Book IAU Symposium No. 231, 2005 (© 2005 International Astronomical Union
A. J. Markwick-Kemper, ed. DOI: 00.0000/X000000000000000X

The complex environment around the
low-mass protostar IRAS 16293—2422

Fredrik L. Schoéier!, Jes K. Jorgensen?, Fred Lahuis®*,
Ewine F. van Dishoeck?, Geoff A. Blake®, Neal J. Ewans, II5,
and the c2d IRS team

'Stockholm Observatory, AlbaNova University Center, SE-106 91 Stockholm, Sweden
email: fredrik@astro.su.se
2Harvard-Smithsonian Center for Astrophysics, USA
3Leiden Observatory, The Netherlands
“SRON National Institute for Space Research, The Netherlands
5Division of Geological and Planetary Sciences, California Institute of Technology, USA
SDepartment of Astronomy, University of Texas at Austin, USA

Abstract. The deeply embedded, low-mass, proto-binary star IRAS 16293—2422 has attained
considerable interest over the last decade, in particular, driven by the detection of millimetre
line emission from a large number of complex organic molecules and the possibility of this source
harbouring a ‘hot core’, similar to those found in regions of high-mass star formation (e.g. van
Dishoeck et al. 1995; Ceccarelli et al. 2000; Schoéier et al. 2002; Cazaux et al. 2003).

High angular resolution observations of the central core region of IRAS 16293—2422 have been
carried out for a number of molecules using the BIMA and OVRO millimetre arrays (Schoier et
al. 2005; see Figure 1 for examples). Most molecules show a separation of red (4-7kms™') and
blue (0-4kms™"') emission peaks roughly perpendicular to the large-scale outflow, thought to
be driven by one of the protostars (MM1), indicative of rotation in the envelope. Some species,
e.g. HNC and NoH™, also seem to trace the interaction of the outflow with the circumstellar
material. The observed chemical differentiation of C*®Q, HNC, and NoH™ is consistent with the
recent chemical model of IRAS 16293-2422 by Doty et al. (2004). Moreover, SiO and CH3OH
appear to be partly associated with outflow activity where the ices are liberated by grain-grain
collisions.

We also report the detection of mid-infrared (23-35 pm) emission from IRAS 162932422 by
the Spitzer Space Telescope infrared spectrograph, IRS (Jgrgensen et al. 2005). The detection
of mid-infrared emission suggests that the envelope is optically thin at these wavelengths. A
detailed, spherically symmetric, radiative transfer model reproducing the full SED from 23 ym
to 1.3mm requires a large, approximately 1000 AU, inner cavity of the envelope in order to
avoid quenching the emission from the central source (Figure 2). This corroborates a previous
suggestion based on high angular resolution millimetre interferometric data (Schoier et al. 2004).
An alternative interpretation with a 2D model of the envelope with an outflow cavity can also
reproduce the SED but is not consistent with the interferometer data.

With a large cavity the central source never heats the envelope to temperatures above 60-80 K,
why a hot core chemistry in the inner envelope appears unlikely within the context of spherically
symmetric modelling. An alternative explanation for complex organic molecules probing high
temperatures around IRAS 16293-2422 is that these reside in the circumstellar disks surrounding
each binary component.
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Figure 2. Spitzer/IRS observations of IRAS 16293-2422 and models for its SED. The black
solid line is the best fit model by Schoier et al. (2002), the grey solid line is the Schoier et al.
model with a 600 AU (radius) cavity, and the dashed line is the cavity model with a central
500 K black body.
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