The Mopra Millimetre Wave Observatory
Short description of facility

Mopra is a 22 m diameter radio telescope operating in 3 mm band (as well as in the cm-bands), located below Siding Spring Observatory, near Coonabarabran in NSW.  It is currently equipped with a single-element SIS receiver operating from 85-115 GHz (3.5-2.6 mm), with up to 256 MHz of bandwidth, and a dual polarization, single sideband, 1024-channel correlator, with spatial resolution of ~35”.  Mopra is currently being upgraded, and by the end of 2006 should have a MMIC receiver and an 8 GHz bandwidth correlator with 16,000 channels, with the ability to zoom into four specified bands within the 8 GHz window.  The upper frequency cut-off of the MMIC receiver has yet to be determined, but will be in the 105-115 GHz range.  Mopra can be used for stare observations (via nodding) and also for mapping using on-the-fly (OTF) scanning, typically fully-sampling a 5’x5’ region in one hour.

Mopra is a part of the CSIRO Australia Telescope National Facility, and is operated as part of the ATNF Narrabri observatory.  Since 2000, however, operations have been conducted through a collaborative arrangement between the CSIRO and UNSW, resulting in an investment of ~$1m into the emerging field of mm-wave astronomy in Australia, through ARC and university capital development grants.  This arrangement has also facilitated the building of a mm-wave community within Australia, through the training of students, employment of postdoctoral fellows, and the holding of regular mm astronomy workshops.
Current role, strengths and scientific highlights

Mopra has had a particular role to play in the training of students in the skills of mm astronomy and in the hands-on operation of telescopes.  This role will continue, but with the maturing of the facility its scientific program will now provide the central focus to its future use.

With the closure of the 15m SEST telescope in Chile (as part of the funding arrangements leading to development of ALMA), Mopra is now the only large diameter 3-mm wave telescope operating in the southern hemisphere.  It is therefore the only such facility able to probe the lowest rotational lines of many of the most abundant molecules in the interstellar medium (e.g. CO, HCN and HCO+).  Mopra will also be able to provide complementary information to the sub-mm telescopes now being built in Chile, which will record the higher rotational transitions of the same molecules.

The primary science project to be conducted during this development phase of Mopra has been the search for chemical signatures of hot molecular cores (HMCs), associated with the earliest stages of massive star formation.  Using the signpost of methanol maser emission to target prospective massive protostellar cores, sources have been examined for the rich spectrum of an organic reservoir.  Methyl cyanide (CH3CN) has been commonly found, indicating a pre-UCII phase of massive star formation.

With the development of OTF mapping, a project has begun to survey the environment of molecular cloud complexes, to examine the role of turbulence in driving and regulating star formation.  A square degree of the fourth quadrant of the Galaxy has been targeted (the ‘(-quadrant survey’), to be sampled in a variety of molecules sensitive to different physical environments in the gas.

Future role of the facility

Mopra has three key features that provide the focus for future science projects:

· Access to the 3-mm band, for which Mopra will remain the only large telescope in the south where this will be the primary operations band.

· The wide-band (8 GHz) correlator, facilitating extra-galactic studies (wide lines, uncertain central wavelengths), systematic searches for lines (e.g. the identification of biogenic molecules through spectral fingerprinting), and the simultaneous measurement of up to four separated lines in a source (in spectral zoom mode).
· OTF mapping, with the ability to map degree-sized regions of the sky in up to 4 lines.

These features also provide complementarity to the sub-mm and terrahertz facilities now being built in the high Atacama plateau of Chile, in particular the 12m APEX (Germany, Sweden) and ASTE (Japan) telescopes and the 4m NANTEN2 telescope (a Japanese, German, Korean, Chilean university consortium).  Mopra will provide comparable beam sizes and mapping speeds (depending on frequency), thus facilitating joint survey programs.  Mopra also provides a finding telescope for the ATCA mm-interferometer, facilitating the selection of sources for higher resolution interferometric imaging.  Further ahead, the mm-ATCA will provide the same service for ALMA.

Three particular upgrades would greatly facilitate the scientific capability of the Observatory:

· A 7mm spectrometer.  This spectral window remains relatively unexplored (e.g. high dipole moment molecules),  though is readily accessible from the Mopra site.

· Focal Plane Arrays.  OTF mapping is limited to covering degree-sized regions if using just a single element detector.   FPAs would greatly increase Mopra’s survey power, making mapping of large areas of the Galaxy or the Magellanic Cloud possible, for instance.
· Million-channel spectrometers.  There is every expectation that million-channel devices will be available in a few years, enabling the entire mm spectral windows to be accessed simultaneously, with a spectral resolution sufficient to resolve even the thermal widths of all lines present. 

Funding opportunities

Funding for the scientific utilisation of Mopra is well within the scope of typical ARC Discovery and LIEF grants, supplemented by university and/or CSIRO contributions.  Developments such as FPAs and million-channel spectrometers however, go beyond what could be obtained through such schemes, and would rely on developing suitable strategic alliances.  The best opportunities for promoting the scientific utilisation of Mopra in the coming decade lies in developing international collaborations with those countries participating in the construction of sub-mm facilities on the Atacama plateau of Chile (e.g. Chile, Germany and Japan), driven by the complementarity of the science that can be carried out in the sub-mm and the 3-7 mm-bands.
