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ABSTRACT

Context. Molecular oxygen, O,, has been expected historically to be an abundant component of the chemical species in molecular clouds and, as
such, an important coolant of the dense interstellar medium. However, a number of attempts from both ground and from space have failed to detect

O, emission.

Aims. The work described here uses heterodyne spectroscopy from space to search for molecular oxygen in the interstellar medium.

Methods. The Odin satellite carries a 1.1 m sub-millimeter dish and a dedicated 119 GHz receiver for the ground state line of O,. Starting in 2002,
the star forming molecular cloud core p Oph A was observed with Odin for 34 days during several observing runs.

Results. We detect a spectral line at v sg = +3.5km s™! with Avpwiy = 1.5km s™!, parameters which are also common to other species associated
with p Oph A. This feature is identified as the O, (N; = 1,—1y) transition at 118 750.343 MHz.

Conclusions. The abundance of molecular oxygen, relative to H, , is 5 X 107 averaged over the Odin beam. This abundance is consistently lower

than previously reported upper limits.
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1. Introduction

O; is an elusive molecule that has been the target of two re-
cent searches using the Submillimeter Wave Astronomy Satellite
(SWAS, Goldsmith et al. 2000) and Odin (Pagani et al. 2003).
Previous attempts included the search for O, with the balloon
experiment Pirog 8 (Olofsson et al. 1998) and the search for the
rarer isotopomer '°0'80 with the Radio telescope millimetrique
POM-2 (Maréchal et al. 1997) and the Caltech Submillimeter
Observatory (CSO) (van Dishoeck, Keene & Phillips, private
communication) from the ground. These unsuccessful searches
implied very low O, abundances, a highly intriguing result
which led Bergin et al. (2000) to make several suggestions aimed
at understanding the low O, abundance. A number of subse-
quent chemical models focused on innovative solutions to un-
derstand the interstellar oxygen chemistry (e.g., Charnley et al.
2001; Roberts & Herbst 2002; Spaans & van Dishoeck 2001;
Viti et al. 2001; Willacy et al. 2002).

* Based on observations with Odin, a Swedish-led satellite project
funded jointly by the Swedish National Space Board (SNSB), the
Canadian Space Agency (CSA), the National Technology Agency of
Finland (Tekes) and Centre National d’Etude Spatiale (CNES). The
Swedish Space Corporation has been the industrial prime contractor and
also is operating the satellite.
 Deceased.

** Appendix A is only available in electronic form at
http://www.aanda.org

As these models had to rely on upper limits and, as such,
were not very well constrained, it seemed likely that an actual
measurement of the O, concentration would increase our under-
standing of molecular cloud chemistry. For this reason, Odin has
continued the time-consuming task of observing O,. Here, we
report on our renewed efforts to detect O, toward p Oph A. First
results have been announced previously by Larsson et al. (2005)
and by Liseau et al. (2005); however, in this paper, we also ac-
count for additional data which were collected in 2006.

2. Odin observations

The O, observations were done in parallel while Odin was map-
ping the p Oph A cloud in molecular lines in the submillimeter
bands (submm). These observations were made in August 2002,
September 2002, and February 2003 during 20 days of satellite
time (300 orbits), with an additional 200 orbits in February 2006.
Due to Earth occultation, only two thirds of the 97 min orbit are
actually available for astronomy. The total on-source integration
time was 77 h in 2002, 52 h in 2003, and finally 68 h in 2006.
At the frequency of the O,(N;, = 1;—1p) line
(118750.343 MHz), the beam of the 1.1m telescope is 10’
(Fig. 1). This large beam implies that the Odin pointing uncer-
tainty (<15”) is entirely negligible for the O, observations. In the
submm mapping mode, the O, beam moved by less than 1/5 of
its width with respect to the center position at RA = 16"26™24s6
and Dec=-24°23'54" (J2000). The observed off-position,

































