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ABSTRACT 
 

Radio arrays currently operating below 1 GHz have observed interplanetary scintillations of radio sources to derive 
valuable information on the density and velocity of the solar wind and coronal mass ejections.  New large radio arrays 
are currently in the design and development phase, and are characterized by wide fields of view, high sensitivity, and 
multiple beam capabilities.  One such array, the Mileura Widefield Array – Low Frequency Demonstrator (MWA-LFD) 
in Western Australia (26.4oS, 117.3oE), is being designed for operation at 80 to 300 MHz. Its characteristics include a 
15-50o field-of-view, 16 simultaneous beams, and an effective collecting area of 8000 m2 at 200 MHz with 32 MHz 
instantaneous bandwidth resulting in a point-source sensitivity of 20 mJy for an integration time of one second. The 
array consists of 8000 dual-polarization dipoles, clustered in sub-arrays that are spread over a 1.5 km diameter and 
connected to a central digital signal processor.  The MWA-LFD will participate in the global network of observatories 
that monitor solar bursts and interplanetary scintillations, and will improve the spatial and time resolution of solar wind 
characterization by increasing both the number of radio sources that can be used for scintillation measurements and the 
number of observations that can be made in a given time period.  In addition, the MWA-LFD will be able to provide 
observations of the Faraday rotation of polarized radio sources, thus allowing the possibility of determining the 
evolution of the magnetic field in a coronal mass ejection. The design of the array, the signals expected to be received 
by the array, and the requirements and challenges for the space weather observations are discussed in this paper. 
 
Keywords: Space weather, solar wind, heliosphere, coronal mass ejections, radio arrays, low frequency. 
 

1. INTRODUCTION 
 
Key observations needed for improving our understanding of the heliosphere and space weather include the density, 
velocity, and magnetic field in the solar wind particularly during solar disturbances. Remote sensing via radio 
techniques can be applied to determine such parameters, and allows coverage of the vast heliosphere from close to the 
solar surface to the Earth so that the evolution of these parameters can be tracked. Of particular importance for space 
weather is the measurement of the magnetic field of a coronal mass ejection (CME) which governs the degree of 
coupling of CME energy to the terrestrial magnetosphere, thus allowing a prediction of the impact of the solar storm on 
Earth. 

 
Radio remote sensing techniques have been successfully applied for heliospheric studies primarily through the 
measurement of the interplanetary scintillations of radio sources using single or multiple stations to determine plasma 
density and speed1,2,3,4.  Radio tomography has also been used to map three-dimensional views of the solar wind5,6,7,8.   
Other remote sensing techniques have utilized radio tracking of spacecraft that occulted the corona to determine 
magnetic fields through Faraday rotation9,10 and one such study has identified a CME11.  Recently, several radio galaxies 
were observed with the VLA and used to study the structure of the heliospheric current sheet12, and a CME was imaged 
through direct imaging at radio wavelengths13. 
 
With the advent of a new generation of large radio arrays, particularly those planned to operate at low frequencies, the 
capabilities of remote sensing methods to study the heliosphere will be greatly enhanced14,15,16. Such large arrays 
provide higher sensitivities and resolution than previously available, and remove some of the constraints imposed by the 
sparse spatial and temporal sampling of the heliosphere provided by current instruments.  
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This paper describes the design of a new array, called the Mileura Widefield Array - Low Frequency Demonstrator 
(MWA-LFD).  The array will consist of 500 stations operating at frequencies in the range 80 – 300 MHz, and will be 
located at a radio-quiet region in Western Australia.  The project, a collaborative effort between US and Australian 
institutions and researchers, will provide measurements on solar bursts, heliospheric structure, and CME magnetic fields 
that will advance knowledge of the heliosphere and space weather. 
 

2. DESCRIPTION OF THE ARRAY 
 
The important characteristics of a radio array for heliospheric research are: (a) sensitivity so that a large number of radio 
sources can be observed, (b) wide field-of-view so that a large area of the heliosphere can simultaneously be covered, 
and (c) angular resolution so that the location of solar bursts can be determined precisely.  The operational frequency of 
a radio array is one of the factors that govern these parameters as well as the magnitude of the plasma effects that we 
seek to measure.  The radio propagation effects must be large enough to be observable in as large a part of the 
heliosphere as possible. For the MWA-LFD, the selected frequency range is 80 – 300 MHz, and has been driven in part 
by the heliospheric requirements as well as by consideration of other scientific goals for the array such as the detection 
and imaging of the epoch of reionization in the early universe.  

 
Other notable characteristics of the MWA-LFD design are that the array contains no moving parts since the antenna 
elements are fixed dipoles, and that it will be pointed by electronic steering. System architecture will be heavily 
dependent on modern digital processing techniques and software control.  Table 1 summarizes the specifications of the 
MWA-LFD. 
 

Table 1.  Array specifications 
Frequency Range 80-300 MHz 
Number of receptors 8000 dual polarization dipoles 
Number of tiles (4x4 dipoles) 500 
Effective collecting area§ ~8000 m2 
Field of view  15°-50° 
Configuration Centrally-condensed pseudo-random array ~1.5  km diameter 
Angular resolution§ 3.4 arcmin 
Instantaneous bandwidth 220 MHz (sampled); 32 MHz (processed) 

Point source sensitivity¶ 20 mJy in 1sec; 0.33 mJy in 1 hr 
Number of baselines 124,750 
Multi-beam capability Up to 16, per polarization 
Width of spectral channel 8 kHz 
Number of spectral channels 4000 
Time resolution 0.5 sec (imaging), 125 µsec (beamformer) 
Polarization Full Stokes 

      § At 200 MHz  ¶ 32 MHz bandwidth at 200 MHz 
 
 

The MWA-LFD will be an imaging interferometer array consisting of 500 antenna ‘tiles’, each a 4×4 array of crossed 
vertical bowtie dipoles, for a total of 8000 dipoles. The tiles will be installed in a region of ~1.5 km diameter, totaling 
~8000 m2 of collecting area at 150 MHz, and produce an electronically-steerable beam with a field-of-view ranging 
from 15° (at 300 MHz) to 50° (at 80 MHz).  Figure 1 shows the planned layout of the array. The basic unit is the 
antenna tile which is connected to an analog beamformer producing RF on coax.  Tiles are assembled into nodes which 
are scattered within the array.  In order to optimize the point spread function, the nodes are scattered across the ~1.5 km 
aperture, with a degree of central condensation. There will be 64 nodes of 8 tiles each. 
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The entire 80-300 MHz RF from each tile is digitized at the corresponding node, decimated to a selected 32 MHz subset 
of the full range of the array, spectrally filtered to 4K channels of 8 kHz resolution, and transported to a central 
processing facility.  These channels are fed to a large digital correlator.  Overall, 125,000 baselines are correlated, 
producing ~4 billion visibilities every half second.  These visibilities are used by to produce calibrated snapshot images 
of the full 15-50 degree field-of-view every half-second in 4K frequency channels. The input to the correlator is also 
shared with a digital beamformer for tracking of a limited number of sources with high temporal resolution. 

 
   

 
               Figure 1.  Schematic of the physical layout of the array. 

 
 

Each of the main components of the MWA-LFD is described briefly below. 
  
2.1 Antenna tiles 
 The prototype MWA-LFD element is a pair of crossed, bowtie antennas of open-frame construction that will be 
installed over a ground screen. The arms are broad enough to provide the impedance match with the low noise amplifier 
(LNA) over the wide frequency range of 80 to 300 MHz, and they have been made symmetric about the horizontal to 
reduce the E-plane antenna gain near the horizon at the higher frequencies. The open construction affords low wind 
resistance and light weight, thereby simplifying the mechanical support. Figure 2 shows the prototype dipole antenna, 
manufactured by Seavey, Inc., with the active balun in the inset, and presents the simulated and measured antenna 
patterns. 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Prototype MWA dipole and antenna pattern 
 

Single element: 110 MHz, E-plane
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