Discussion Paper: The Australia Telescope National Facility

Compiled by Naomi McClure-Griffiths & David McConnell 

Funding Institution: Approximately 70% by direct appropriation from CSIRO, 30% from external sources

BACKGROUND:

The Australia Telescope National Facility (ATNF) became a National Facility in 1990 for operation under guidelines originally established by the Australia Science and Technology Council.  As a National Facility, the Australia Telescope provides world-class observing facilities in radio astronomy for astronomers at Australian and overseas institutions. 

The Australia Telescope consists of eight radio-receiving antennas: the six 22-m antennas of the Australia Telescope Compact Array (ATCA), the 22-m Mopra telescope and the 64-m Parkes Telescope.  The ATCA has receiver systems covering the frequency ranges 1.2 – 1.7, 2.2 – 2.6, 4.4 – 6.7, 8.0 – 9.2, 16 – 25 GHz, and 84 – 106 GHz, and a maximum baseline of 6km.  The Parkes telescope has receivers operating from 440 MHz to 22 GHz, including the thirteen beam 1.4 GHz multibeam and a new, highly sensitive 10/50 cm receiver.   

The ATNF’s mission is to operate and develop the Australia Telescope as a national research facility for use by Australian and International researchers; to exploit the telescope’s unique southern location and technological advantages to maintain its position as a world-class radio astronomy observatory; to further the advancement of knowledge.  The ATNF is the largest single astronomical institution in Australian; approximately 90% of the Australian radio astronomy is carried out through the ATNF.  In the world context, the AT is one of the world’s most powerful radio astronomy facilities and is the only major radio telescope in the southern hemisphere.

ROLE OF THE facility:

ATNF Usage:
The ATNF is operated as a national facility with time granted on the basis of scientific merit. In general the time requested for the ATCA and Parkes exceeds the time available by about a factor of two (see Figures 1 & 2 for exact oversubscription rates).  The proposals are assessed and time allocated but the Time Allocation Committee, which is appointed by the ATNF Steering Committee.  
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Figure 1: The requested time, scheduled time and actual observed time for observing terms from 1999 SEPT until 2004 MAYT.
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Figure 2: The total number of proposals received and scheduled for the Parkes radio telescope is shown for each observing term. Numbers are normalised by the number of months in each term.
Typically 40% of scheduled time on the ATCA and Parkes is allocated to proposals with Principal Investigators (PIs) from overseas institutions.  The other 60% of scheduled time is allocated to proposals with PIs at the ATNF and other Australian institutions.  The exact percentages for the years 1995 – 2004 for the ATCA and Parkes are shown in Figures 3 & 4, respectively.  It has been a subject of concern of recent years that the number of proposals submitted by non-ATNF Australian PIs has been dropping.
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Figure 3: The time allocated at the Compact Array to proposals where the principal investigator is located at the ATNF, at another Australian institution, or overseas, shown as a percentage of the total time allocation.


    [image: image4.png]100%

80%
60%
0%
0%

0%

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

cation (%)

time

WATNF @ non-ATNF Australian moverseas





Figure 4: The time allocated at the Parkes to proposals where the principal investigator is located at the ATNF, at another Australian institution, or overseas, shown as a percentage of the total time allocation.

Publications: 

On the basis of the number of refereed articles published with ATNF data each year, ATNF is the second most prolific radio facility in the world.  The number of publications per year has been slowly increasing over the past 10 years, with the number of refereed papers for 2004 already exceeding 120.  The annual number of papers published with ATNF data is shown in Figure 5.
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Figure 6: Total number of refereed publications that include data from ATNF facilities. For 2004 the number is a lower limit only as the full number of publications is not yet available.
Student Training:

ATNF supports an active program of student supervision.  In 2003 there were 27 PhD students affiliated with the ATNF.  ATNF students receive free accommodation at the ATNF sites, some support for page charges and funding for one overseas trip during their PhD.  We also offer, through CSIRO, on average two top-up scholarships to exceptional students pursuing ATNF affiliated PhDs.  The numbers of ATNF affiliated students over the life of the ATNF are shown in Figure 6.
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Figure 6: Number of postgraduate students affiliated with the ATNF.

Immediate Future of the Facility:

The ATNF will continue to schedule its telescopes in two six-month terms per year, starting in April and October.  Astronomy at the shorter wavelengths (12mm and 3mm) on Mopra and the Compact Array will be scheduled preferentially in the April term.  Major observing programs expected to use ATNF telescopes over the coming years include the ATCA 20GHz survey, the Galactic All-Sky Survey (GASS) at 21cm and the pulsar timing array observations at Parkes.

Current development projects and upgrades planned for the immediate future will enhance the technical capabilities of all ATNF instruments.

ATCA

· Increase of signal processing bandwidth from 128MHz to 2GHz (under development)

· New receivers for the 7mm band 26-50 GHz (funding being negotiated)

· Increase of receiver bandwidth in the cm-wave band, to access the 1-3GHz and 4-12GHz frequency ranges (proposed)

Mopra

· Spectrometer bandwidth upgrade to 8GHz for use in the 85-115GHz band.

· Access to the 16-26GHz band.

Parkes

· New digital filterbank with 1GHz bandwidth, 1024 channels, and synchronous pulsar integration with up to 1024 bins per period.

· 7-beam receiver to operate in the 6.0-6.7 GHz band.

Long Baseline Array

· High speed data transmission between LBA elements to increase bandwidth of VLBI observations and provide real-time correlation. 

Future Vision:

(The following points will be replaced by a more considered “vision” following internal ATNF discussion in February)

Possible developments of the ATNF over the next decade:

· 20GHz focal plan array on Parkes

· Enhanced ATCA with 7th antenna and extended North Spur

· High-speed networks between all sites allowing possible consolidation of signal processing and computing facilities and new operational models for all telescopes.

· Operations at the Mileura site in WA with a 0.7-2.4GHz array with 5000 m2 collecting area.

HIGH PROFILE WORK DONE BY THE ATNF:

Science Programs: 

The ATNF has a long history of major scientific achievements.  Some high impact projects recently carried out using the AT include:

· The Parkes Multibeam Pulsar Survey, a 21 cm multibeam survey searching for pulsars in the Milky Way.  The Multibeam survey has discovered over 800 new pulsars since it began in 1997.  This survey has discovered the first double pulsar system.

· The HI Parkes All-Sky Survey (HIPASS), which is an all Southern sky survey for extragalactic neutral hydrogen (HI) emission conducted with the Parkes multibeam receiver between 1997 and 2001.  The survey created a catalog of 4300 HI selected galaxies, almost twenty times the size of any previous HI selected sample.

· The ATCA Surveys of the Magellanic Clouds, is an HI survey of the Small and Large Magellanic Clouds conducted with the ATCA.  The surveys have allowed in-depth studies of the structure and dynamics of the neutral hydrogen ISM in the Magellanic Clouds. 

· The Southern Galactic Plane Survey, is a high resolution survey of the neutral hydrogen and 21 cm continuum emission in the plane of the southern Milky Way.  The SGPS is part of the International Galactic Plane Survey, which seeks to provide an atlas of neutral hydrogen in the Galactic Plane with arcminute resolution, 1 km/s spectral resolution and 1 K brightness temperature sensitivity.

Other high-impact research from the past few years include:

· The first double pulsar

· Carbon monoxide in High-Redshift Galaxies

· A new spiral arm for the Milky Way

· Dense molecular gas heated in starburst galaxies

· Discovery of a super-massive spiral galaxy

Technology and Instrumentation:
The ATNF has a very strong instrumentation group, specialising in the design and construction of radiofrequency receivers and high speed digital signal processing.   ATNF receivers operate over the 0.5 to 1.5 GHz frequency range with sensitivities that keep Australian radio facilities at the world standard.  The ATNF pioneered the use of cm-wave multibeam receivers for radioastronomy with the 13-beam 21cm receiver on the Parkes telescope.  Over the past decade that receiver has made Parkes a world leader in galactic HI and pulsar studies.  Its success has led to the contract ($1.4M) to construct a 7-beam receiver for the Arecibo 300-metre telescope in Puerto Rico, and a joint project with the Jodrell Bank Observatory to build a 7-beam 6GHz receiver for methanol surveys.  The development of the recently completed 12/3.5mm systems for the Compact Array has included novel designs and fabrication techniques for microwave polarizers, 3-mm feed horns, and amplifiers both for the first stage and for LO generation and frequency conversion.

New generations of radioastronomy instrumentation increasingly are being developed with the FPGA (Field Programmable Gate Arrays) and MMIC (Microwave Monolithic Integrated Circuit) technologies.  Applications of the MMIC techniques are the 8GHz analog correlator used on the ATCA for a 20GHz sky survey, wideband LNA designs aimed at a proposed future upgrade of the Compact Array cm-wave systems, and the development of a fully integrated receiver system on a chip. This work looks ahead to the requirements of large systems such as focal plane arrays and the SKA and aims to integrate a complete receiver, including LNA, filtering, down conversion, analogue to digital conversion and parallel to serial processing onto a single MMIC.  The ATNF is applying FPGA technology to fast digital signal processing in the Compact Array broadband upgrade and the polyphase digital filterbanks it comprises.
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