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ABSTRACT 
 
Observations of the solar wind velocity, density and magnetic field in the inner heliosphere are critically needed in order 
to improve our understanding of the heliosphere and space weather, especially during the energetic solar transients which 
have a significant impact on the near-Earth environment. Remote sensing radio techniques have long been used to make 
these measurements. The next generation of low frequency radio telescopes are extraordinarily well suited to the needs 
of space weather and heliospheric science. This paper discusses the proposed solar, heliospheric and space weather 
applications in context of the Mileura Widefield Array – Low Frequency Demonstrator, an 80-300 MHz array proposed 
for deployment in Western Australia. 
 
INTRODUCTION 

 
Present day observations of the solar disc span an impressive range of frequencies, from high energy gamma rays to 

very low radio frequencies. The observational techniques range from spectroscopic imaging and use of coronagraphs to 
spectral monitoring using radio heliographs. However, once the solar wind flows out of the fields of view of the 
coronagraphs, it travels through the vast inner heliosphere essentially unobserved till the time it reaches the satellite 
based observatories, usually located around 1 AU, in the ecliptic plane. In order to improve our understanding of the 
evolution of the solar wind and develop predictive capabilities for space weather effects, it is essential to observe the 
solar wind in this region. Direct observations of the solar wind in the inner heliosphere are difficult because of its very 
low optical depth. Though very tenuous, the solar wind has sufficient electron density for it to have a significant 
refractive index at low radio frequencies (wavelengths of about a meter and longer), and hence imposes considerable 
perturbations on low radio frequency radiation traversing it. This unique low frequency advantage can be, and has been, 
exploited to study the solar wind through observations of propagation effects like interplanetary scintillation and Faraday 
rotation. Though these techniques have been known for many decades, their efficacy has been limited, primarily due to 
the limited capabilities of the available instrumentation. 

 
The next generation low frequency telescopes provide a very good match to solar and space weather observational 

needs. Their naturally wide fields of view (FoV), once regarded as liabilities, are now regarded as important assets which 
provide simultaneous access to a large part of the sky. The availability of powerful digital signal processing capabilities 
at affordable costs allows an effective exploitation of the wide FoV advantage.  These instruments will allow 
observations of the propagation effects to be used as sensitive probes of the plasma in the inner heliosphere. The 
resulting observations will fill the void of observations from about 30 RSun out to 1 AU, which has remained a long 
standing problem for both theorists and modelers who have few observational constraints on their theories/models in this 
region. We discuss the solar and heliospheric applications of low frequency radio arrays in context of the Mileura 
Widefield Array – Low Frequency Demonstrator (referred to as LFD in this paper). The LFD is a radio array, spanning 
80-300 MHz and gets its name from the exquisitely radio quiet site in Western Australia (26.4oS, 117.3oE). 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. More information about the LFD instrument design and 
capabilities, project partners and status can be found in an accompanying paper in this volume [1]. This paper focuses on 
the solar, heliospheric and space weather applications of the LFD, in particular the technique of interplanetary 
scintillation, Faraday rotation and imaging observations of solar bursts. We also present some early results from 
prototyping and field testing of the LFD antenna system. 
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SOLAR AND HELIOSPHERIC SCIENCE WITH LFD 
 

In this section, we describe briefly the projected applications of the LFD for heliospheric and space weather 
studies.  Three topics are discussed, namely interplanetary scintillations (IPS), Faraday rotation (FR), and solar radio 
burst imaging. 
 
Interplanetary scintillation studies:  IPS is the radio analogue of optical twinkling of stars due to the turbulence in the 
Earth’s atmosphere. To the low frequency radio waves, the solar wind appears as a medium with fluctuating refractive 
index. As a plane wavefront from a distant compact radio source passes through this medium, it picks up corrugations 
which develop into intensity fluctuations by the time they reach the Earth. The bulk flow of the solar wind causes this 
interference pattern to be swept across the telescope leading to observations of fluctuating intensity, or IPS. 
 

As for all propagation effects, IPS measurables are line-of-sight (LoS) integrals. They can be modeled in the 
weak scattering regime to yield primarily the velocity, fluctuations in the electron number density and the turbulence 
power law index (Kolmogorov index). IPS techniques have been in use for past four decades to study the solar wind. 
Their application has been limited by the fact that the number of free parameters needed to model the solar wind plasma 
along a LoS usually far exceeds the number of constraints provided by individual or a few IPS observations. In their 
original form, IPS studies have usually been limited to situations where the solar wind can be described using 
comparatively few free parameters, e. g. quiet solar wind conditions or transients strong enough to dominate the 
measurable along the entire LoS. Any attempts at meaningful enhancement of this technique must significantly increase 
the number of constraints from observations. The UCSD and STELab groups have pursued this approach and have 
attempted tomographic reconstructions of the inner heliosphere by self-consistently inverting IPS data collected over a 
solar rotation. Their efforts have met with the most success in mapping the quiet solar wind and a few strong 
interplanetary events [2, 3]. 
 

The LFD digital array beamformer provides 16 simultaneous independent beams. This will allow LFD to 
monitor 16 different IPS sources simultaneously. In addition, the increased sensitivity of LFD will increase the number 
of accessible sources in the sky to ~1000 from about 40 for the STELab facility, the current leading dedicated IPS 
instrument. This large increase in the number of observations directly addresses the most severe problem of insufficient 
number of constraints and is expected to significantly enlarge the regime of validity of IPS inversion methods. 
 
Faraday rotation studies: A polarized electromagnetic wave propagating through a magnetized plasma experiences FR; 
at wavelength λ the E-vector is rotated by an angle δφ = λ2RM, where RM, the rotation measure, is proportional to the 
integral of the product of the electron number density and the component of the field along the line of sight.  FR due to 
the solar corona was first observed by tracking the polarization angle of the Pioneer 6 telemetry signal [4].  Subsequent 
measurements in the GHz range have been performed by tracking spacecraft such as Helios with the DSN [5], have been 
used to determine the mean magnetic field in the corona [6], and have identified a coronal mass ejection [7]. Recently 
several radio galaxies were observed with the VLA and used to study the structure of the heliospheric current sheet [8]. 
 

We have simulated the expected FR due to the October 2003 CME, including the effects of FR due to the 
ambient heliosphere and the noise characteristics of the LFD. This work led to the conclusion that at these low 
frequencies, the FR signature due to a CME will be strong enough to be easily observable out to 1 AU and beyond.  
 

The success of the technique of FR monitoring of background sources relies upon a sufficient surface density of 
polarized background sources, and the ability to perform a reliable ionospheric and instrumental polarization calibration.  
A recent survey of polarization at 340-370 MHz found 13 extra-galactic sources in an area of less than 63 deg2, 
exhibiting typical polarized intensities of ~20 mJy and readily measurable RM [9].  In the 200-300 MHz range of the 
LFD demonstrator, with a field of view in the 200-400 deg2 range, we can expect over 40 sources in a 5-minute 
integration with a single pointing.  The situation is less clear for lower frequencies, but if insufficient extragalactic 
sources are available, it is probable that we can use selected regions of the strong polarized galactic background emission, 
which has small-scale structure imposed upon it by local spatially variable interstellar Faraday depolarization (e.g. [10]). 
Phase wrap ambiguities in the FR measurements will be resolved by combining the observations made in 4K narrow 
frequency channels.  In summary, the availability of suitable background polarized flux, of either local or extragalactic 
origin, does not appear to be a problem. 
 

The LFD will enable sensitive and comprehensive FR observations due to its 15° – 50° field of view, mJy-level 
sensitivity, and accurate ionospheric calibration. Observations of many hundreds of sources occulted by the CME are 



expected to permit detailed and realistic modeling of the CME density, magnetic field structure, and its time evolution. 
For the quiescent heliosphere, we expect to make reliable FR measurements in the range ~5-60 solar radii. We expect 
this to provide opportunities to compare and perhaps validate models of coronal structure and solar wind formation.  
 
Imaging of solar bursts: Solar radio bursts are manifestations of the macroscopic release of energy in CMEs, solar 
flares and other evolving magnetic structures, and are believed to be caused by shocks and energetic electrons moving 
through the solar corona into the interplanetary medium.  The potential of low frequency arrays to observe solar radio 
bursts have been most recently reviewed by several authors [11, 12, 13]. 
 
  Of particular interest are type II solar bursts which are generally associated with CMEs [14, 15, 16].  These 
bursts are observed [17] below 150 MHz and continue down to a few MHz, drift in frequency on the order of ~-0.2 
MHz/sec, and typically last for 5 to 15 minutes. Type II bursts have been associated with fast CMEs [15, 18, 19] since 
theoretically the radiation would come from the shocks produced by the fast moving ejecta.  Thus the CME has to be 
sufficiently fast to be able to drive a shock in the ambient medium [13]. An alternative explanation for type II bursts is 
that they are caused by sudden heating of the coronal loops during flares. For the few cases where positional information 
is available for type II bursts, the radio source seems to occur well behind the leading edge of the CME [20, 21, 22]. 
Such an emission can be interpreted as being produced either by flare shocks moving through the CME material or as 
radio emission from the flanks of a CME-driven shock.   
 

The LFD will image emission from shocks with a spatial resolution of ~3 arc minutes, augmentations to 
improve the resolution to ~1 arc min are currently under study.  We thus expect that spatially resolved imaging of burst 
emission with the LFD at sufficiently high cadence should be able to shed light on a variety of topics such as the 
relationship between radio bursts and CMEs and the structure of the emission source and radiation propagation [12].  
Finally, a unique capability of the LFD will be its combined observation of a type II burst at its source followed by the 
development and evolution of the CME as it traverses interplanetary space.  
 
RESULTS FROM PROTOTYPE TESTING 
 

Preliminary design of the LFD has been largely completed, and field testing of prototypes of some of the key 
elements of the system has been started in order to feed into a final detailed design. A series of early deployment 
campaigns have been undertaken by the US-Australia project partners since early 2005. The first antenna was deployed 
in March 2005 with the initial goals of testing the durability and performance of the dipole antennas and to make more 
precise measurements of the radio environment using the actual array elements. A second antenna station was deployed 
in April 2005 and a third in June 2005.  
 

Interferometry tests between two tiles separated by 145 meters were also carried out, and demonstrated the 
array’s ability to perform precision measurements of a number of discrete unresolved sources on the sky, with accurate 
fringe rate determinations to isolate contributions from specific sky locations. Several observations were also made of 
the Sun, with the most extensive being a full interferometry run for 6.5 hours, alternating between 96 and 196 MHz. A 
series of small flares, short duration spikes, were recorded, The left panel of Fig. 1 shows the onset of a relatively weak 
classical type III burst at 196 MHz, with a ~200 ms rise time. This is one of the two bursts in our observations identified 
by NOAA monitoring data as low-intensity type-III sweep-frequency radio bursts. For a ~2-hour period, the solar data 
show that the 196 MHz emission was dominated by a single location. The absence of significant phase changes during 
the burst onset indicates that this burst originated in the same active region, to within a few tens of arcsec. In contrast, the 
central panel shows a rapid change of phase at 96 MHz in the decaying phase of burst emission for a different solar burst. 
At this lower frequency, the quiescent solar flux typically dominates, with only brief intervals of burst emission. The 
observed phase gradient most likely originates from a changing flux ratio between the quiescent and burst emission, 
which have different centroids of emission, though the motion of the emitting region itself may also be contributing. 
Analysis of the phase data (not shown) indicate a E-W shift of ~10 arcminutes in the location of the centroid of emission 
during burst emission. The right panel shows a very localised patch of solar emission, events like this usually remain 
below the detection threshold of current instruments. 
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Figure 1. The left panel shows the sudden onset of a modest type III flare at 196 MHz on 27 April 2005 at 04:07:20 UT. 
The central panel shows observed amplitude and phase at the tail end of a different flare at 96 MHz. The interferometric 
phase is changing at about 0.3 radian/sec, corresponding to an emission centroid shift in the E-W direction of ~3 
arcmin/sec. The right panel shows 97 MHz observations of a small solar burst at 04:05:57 UT on 27 April, 2005. This 
event was very localised in time and frequency, occupying only ~500 kHz and ~300 ms. The time resolution is 51.2 ms 
and the averaged channel width is 64 kHz. Events like this usually remain below the detection threshold of most radio 
heliographs due their coarser sampling and resolutions. These observations are from a single baseline, the LFD will 
have of order 105 baselines. 
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