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ABSTRACT

In order to provide observations to help decide between competing theories of Anomalous Ion Spectra
(AIS) observed at several Incoherent Scattering Radar (ISR) observatories, to explore the possibility of any
connection between this phenomenon and visible auroral forms, and to see if enhanced scattering is due
to localised scattering structures, we have used the two antennas of the EISCAT Svalbard Radar (ESR) as
an interferometer, recording time series separately from each antenna. This offers an opportunity for high
time-resolution observations, and also the possibility of detecting scattering structures localised along the
baseline between the two antennas within the radar beam.

1. INTRODUCTION

Optical observations of auroral forms have revealed extremely fine detail [1, 2, 3]. There is also evidence
that very fine structure exists in the auroral ionosphere in the form of localised plasma density depletion
in observations from satellites and rockets [4]. Possibly related to this is one of the most debated topics
within the ISR community over the last decade or so, the phenomenon of naturally occuring and strongly
enhanced ion-acoustic scattering. This phenomenon was first reported in [5] and data containing these
unusual, non-thermal spectra was for a long time discarded together with data contaminated by satellite
echoes. These observations have been discussed under many names: Coherent echoes; anomalous echoes;
naturally enhanced ion-acoustic line (NEIAL); and Anomalous Ion Spectra (AIS). Several theories have
been developed to explain these observations; [6, 7, 8, 9], and some of these postulate the existence of
thin field-aligned current filaments with large current densities. A review of previous observations and the
suggested theories was made in [10].

In an attempt to provide observational evidence to help decide between these theories, to explore the
possibility of any connection between this phenomenon and optically visible auroral forms, and to also
to see if narrow auroral structures will appear as localised scattering structures within the radar beam, a
combined radar and optical campaign was conducted on Svalbard during January of 2002.

The two antennas of the EISCAT Svalbard Radar (ESR) were used as an interferometer, and the Univer-
sity of Calgary Polar Auroral Imager (PAI) was situated in the Adventdalen Auroral observatory,≈ 7 km
away from the ESR, pointing a narrow field-of-view camera along the direction of the magnetic field, which
is also the direction of the stationary 42-meter diameter fixed antenna of the ESR.

2. THE OPEN RADAR INITIATIVE AND MIDAS-W

The Open Radar Initiative [11] is a project to develop reliable and reusable open source hardware and
software to support scientific applications of radar technology. The initiative aims to become a resource for
the entire ionospheric radio science community, but initially it will provide a set of software and hardware
components for incoherent and coherent scattering radars. The initiative is an outgrowth of an upgrade to
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the Millstone Hill Incoherent Scatter Data Acquisition System (MIDAS) and developments to the Manas-
tash Ridge bistatic passive radar [12]. We will refer to a radio instrument built using components from the
Open Radar Initiative as aSoftware Radar.

During the planning of the upgrade to the current MIDAS system, it became apparent that general pur-
pose workstations and readily available digitisers that can be fitted in these workstations had advanced to
the point where this commodity hardware was capable of handling all the required signal processing with-
out any need for custom-built hardware. The resulting system was called MIDAS-W (W for Workstation)
and is described in some detail in [13]. MIDAS-W is being used as a testbed for components and protocols
before these are commited to the Open Radar Initiative.

For a Software Radar system, the radio-frequency signal is passed through an analog receiver where
the carrier frequency is brought down to a conveniently sampled Intermediate Frequency (IF), which is
fed to an ordinary Analog-to-Digital Converter (ADC) board mounted in a workstation. A program on
this workstation then distributes these samples on a local high-speed network using a technique called
multicasting. The use of a local network for data distribution is a fundamental architectural property of the
Software Radar system, replacing physical (hardware) interfaces between data sources and data processors
with logical (software) interfaces.

3. THE INTERFEROMETRY TECHNIQUE

The availability of the two antennas of the ESR opens the possibility of interferometric observations.
Combining the two antennas when in a receive mode can increase the spatial resolution of the system in the
direction of the antenna baseline. The two antennas must point in the same direction, which for the ESR
corresponds to the direction of the magnetic field. The enhanced spatial resolution due to interferometry
will therefore be in a direction perpendicular to the geomagnetic field, precisely in the plane where one can
expect small scale structure to occur.

In addition to the ordinary ESR receiver system, we used data acquisition equipment based on the
MIDAS-W Software Radar prototype. This system was used in a raw data collection mode, where a
500 kHz wide band of the7.5 MHz intermediate frequency of the receiver for each antenna was sampled,
and the time series stored directly to disk. Further processing is done off-line. From the time series, we
compute spectra for each signal, and the cross-correlation between the two signals, which will indicate any
localised scatterers. In addition, the original time series gives us an opportunity for high time-resolution
observations, better than what is possible through the ordinary receiver system of the radar.

If place thex-axis along the baseline and denote the two antennas with indices 1 (transmit/receive) and
2 (receive only), the averaged cross-correlation between the two signals is
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whereC expresses the scattering strength of the medium,Z0 is the distance to the centre of the integration
volume,θx,y are the angles of integration,θx = X/Z0, G1,2 are the antenna gain patterns,A the dis-
tance between the antennas, in wavelengths, and∆n the angular dependence of the scatterer. A point-like
scatterer,
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= δ(θx − θ0x) δ(θy − θ0y), results in a cross-correlation
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defined by geometry, the scattering medium and the antenna patterns. On the other hand, due to the non-
uniform antenna patterns, even a completely uniform scatterer will have some correlation; the Fourier
component ofG3

1G2 with the argumentA in the direction along the baseline of the two antennas. Any ob-
servations will comprise a combination of these extremes. These expressions are developed and discussed
in more detail in [14].

4. PRACTICAL CONSIDERATIONS AND EXAMPLES

The time series from the two antennas have been processed, using signal processing components from
the Open Radar Initiative, to form autocorrelation function (ACF) estimates of the signal from each antenna,
and the cross-correlation function (XCF) of the two signals. These estimates are Fourier transformed to
obtain power spectra from each antenna and the cross-spectrum, respectively.
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FIGURE 1. Powerspectra and cross-spectra with 1 second integration starting at
2002-01-17 06:46:20. Power in the powerspectra is in arbitrary units, to the same scale
between antennas andnot corrected for range squared attenuation. The cross-spectra
have been normalised to the powerspectra from the same range. Background noise has
not been subtracted.

Figure 1 shows powerspectra for the two antenna, coherence (normalised cross-spectra) and phase for
ranges between300 and 750 km, approximately. The powerspectra have not been corrected for range
squared attenuation, and background subtraction has not been performed. This means that the power spec-
tral density in the700 km range is more than an order of magnitude greater than at350 km. As discussed
in the previous section, even uniform scattering will contribute to correlations between the antennas, but
we have not corrected for this in the present figure.

5. CONCLUSION

We have shown powerspectra and coherences obtained with the EISCAT Svalbard Radar operated in an
interferometry mode which indicate that the enhanced echoes seen on this occasion has some contribution
from localised scattering structures within the radar beam.

Such a field-aligned current filament could carry current densities large enough to trigger current-driven
instabilities even though average current densities on larger scales is below the instability threshold.



We still want to correct for the contribution to coherence from volume scattering, to have background-
subtracted powerspectra, and to look for structures moving with constant velocity along the baseline by
incrementing the phase of one signal by constant amounts between pulses.
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