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Abstract. Previous studies of the aspect sensitivity of heater-the excitation of Langmuir and ion-acoustic waves at the O-
enhanced incoherent radar backscatter in the high-latitudenode reflection height (e.g. Robinson, 1989; Rietveld et al.,
ionosphere have demonstrated the directional dependend93; Kohl et al., 1993; Mishin et al., 2004). These ion-
of incoherent scatter signatures corresponding to artificiallyacoustic and Langmuir waves can be detected in the interac-
excited electrostatic waves, together with consistent field-tion region by radars pointing in a wide range of directions,
aligned signatures that may be related to the presence of artincluding those close to the geomagnetic field direction (e.g.
ficial field-aligned irregularities. These earlier high-latitude Stubbe et al., 1992; Kohl et al., 1993; Stubbe, 1996; Honary
results have provided motivation for repeating the investi-et al., 1999; Rietveld et al., 2000; Dhillon and Robinson,
gation in the different geophysical conditions that obtain in 2005). These wave modes give rise to enhancements in ion
the polar cap ionosphere. The Space Plasma Exploration bgnd plasma line incoherent scatter spectra and are thought
Active Radar (SPEAR) facility is located within the polar to be caused by excitation of instabilities (Perkins and Kaw,
cap and has provided observations of RF-enhanced ion anti971) that include the purely growing mode (PGM) (Fejer
plasma line spectra recorded by the EISCAT Svalbard UHFand Leer, 1972), also called the oscillating two-stream insta-
incoherent scatter radar system (ESR), which is collocatedbility or modulational instability (Rietveld et al., 2002), and
with SPEAR. In this paper, we present observations of aspecthe parametric decay instability (PDI) (Fejer, 1979). These
sensitive E- and F-region SPEAR-induced ion and plasmawo instabilities are thought to be driven by the effects of the
line enhancements that indicate excitation of both the purelyponderomotive force (e.g. Kohl et al., 1993), thereby result-
growing mode and the parametric decay instability, togetheiing in RF-induced Langmuir and ion-acoustic waves (PDI),
with sporadic E-layer results that may indicate the presenceand Langmuir waves associated with a stationary electron
of cavitons. We note consistent enhancements from fielddensity perturbation (PGM). The PDI and PGM were first
aligned, vertical and also fronf? South of field-aligned. We observed using the HF heating facility at Arecibo (Carlson
attribute the prevalence of vertical scatter to the importanceet al., 1972; Gordon and Carlson, 1974) as summarized in
of the Spitze region, and of that from field-aligned to possiblethe review by Carlson and Duncan (1977). As well as F-
wave/irregularity coupling. region spectral enhancements, RF-induced features have also
been noted in E-region data, including those from sporadic E-
layers (e.g. Gordon and Carlson, 1976; Djuth, 1984; Schlegel
et al., 1987; Djuth and Gonzales, 1988; Rietveld et al., 2002;
Dhillon et al., 2007).

The SPEAR system (a relatively recent addition to the
global array of HF high-power facilities) began experimen-
Among the most important phenomena associated with overtld! Operations in April 2004, since when a wide variety of
i&F—mduced effects produced using the high-power beam
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1 Introduction

dense RF heating are the stimulation of non-propagatin ; :
plasma density irregularities at the upper-hybrid height and'@ve been detected. These include SPEAR-induced plasma
wave excitation and enhancements in field-parallel and field-

_ perpendicular scatter (Robinson et al., 2006; Scoffield et
Correspondence taR. S. Dhillon al., 2006; Yeoman et al., 2007, 2008; Dhillon et al., 2007;
m (ranvir.dhillon@ion.le.ac.uk) Clausen et al., 2008). Field-parallel SPEAR-induced spectral
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modifications whose characteristics are consistent with PGMsphere and magnetosphere. A comprehensive description
and PDI excitation, together with other plasma physical phe-of the SPEAR system, including scientific goals, capabili-
nomena such as the effects of cavitons (Djuth and Gonzaties and initial results, together with technical specifications
les, 1988), have been observed by the EISCAT Svalbaragnd operating constraints, has been presented by Robinson et
UHF incoherent scatter radar system (Robinson et al., 2006al. (2006). During the intervals covered here, SPEAR oper-
Dhillon et al., 2007). In this paper, we add to these resultsated using the full 6 x4 array, transmitting O-mode-polarized
by concentrating mainly upon RF-induced spectral enhanceradio waves in the field-aligned direction with a frequency of
ments and restrict our attention to E- and F-region SPEAR-4.45 MHz and an effective radiated power (ERP) of approxi-
enhanced spectral data accumulated by the EISCAT Svalbamhately 15 MW. The half-power beam width is approximately
Radar (ESR) during experimental SPEAR/ESR/CUTLASS21°.
campaigns conducted in December 2005, October 2006 and The CUTLASS coherent scatter radars (Milan et al., 1997)
August 2007. were also in operation during the experimental intervals pre-
It is clear that the response of the magnetized ionospherisented below. Both the Iceland and Finland radars ran an ex-
plasma to a high-power pump wave exhibits great complex-perimental mode that used 15 km range gates on channel A
ity and variability depending upon the particular direction, and 45 km range gates on channel B, with beam 6 of Iceland
relative to the geomagnetic field, in which the observationsand beam 9 of Finland overlooking the SPEAR site. Because
of RF-induced phenomena are made. This dependence, @f a combination of the frequency sweeps (11-13 MHz), in-
“aspect sensitivity”, motivates us to investigate the underly-tegration time (1 s) and beam sweeps (beams 3-5) that were
ing plasma physical phenomena that give rise to such direcused, the temporal resolution of the data from any specific
tional variability. As noted by Robinson et al. (2006), inco- range-beam cell varied from 9-15s. Further details of the
herent radar backscatter data display less aspect sensitivigUTLASS operating modes utilized during the experiments
than data collected using coherent backscatter radars, whichre given by Robinson et al. (2006).
rely on orthogonal backscatter from field-aligned irregulari- The incoherent scatter radar data presented below were
ties and therefore provide backscatter powers that maximizeecorded using the ESR (Wannberg et al., 1997), which is
in directions perpendicular to the geomagnetic field. Previ-collocated with SPEAR. The ESR, which operates at fre-
ous studies involving the aspect sensitivity of RF-inducedquencies close to 500 MHz, was used to detect the Lang-
ionospheric responses have included those in which signifmuir and ion-acoustic waves generated during the excitation
icant electron temperature enhancements have been noted instabilities near the O-mode reflection height. During all
(e.g. Rietveld et al., 2003), incoherent scatter radar obserthree campaigns from which data are presented, i.e. those
vations of ion and plasma line enhancements, together witltonducted during December 2005, October 2006 and August
their altitude characteristics (e.g. Djuth et al., 1994; Isham ef2007, the ESR ran an experimental mode that used the steer-
al., 1999; Dhillon and Robinson, 2005), measurements of arable 32 m dish, whose pointing direction will be discussed
tificial airglow (e.g. Kosch et al., 2000; Pedersen et al., 2003;in more detail below, to collect both ion and plasma line
Kosch et al., 2004) and observations of stimulated electro-data using long pulses. The ion line spectra were obtained
magnetic emissions (Isham et al., 2005). These previous inen two channels, with transmitter frequencies of 499.9 and
vestigations highlighted the importance of many directions500.3 MHz, using 35@s long pulses with a sampling rate
relative to the geomagnetic field and the study presented heref 10us. The height-discriminated ion line spectral data
again provides evidence of the apparent special nature of cefor both channels were obtained for an altitude range of 86—
tain directions, including field-aligned. 481 km with a resolution of about 28 km. The frequency res-
The experimental configuration and certain technical as-olutions of data from the two channels were 2.0 kHz with the

pects of the SPEAR and ESR systems are described in Sect.fequency ranges of both being50kHz. Only data from
of this paper, with Sect. 3 providing an overview of the ex- the 499.9 MHz channel have been presented in this paper.
periments conducted in the SPEAR campaigns. A discussiorf he plasma line data were recorded on a separate channel,
of the results is presented in Sect. 4 and a summary of conwith a transmitter frequency of 500.1 MHz and a resolution
clusions is given in Sect. 5. of 13.0kHz, using a 1500s long pulse with a sampling

rate of 0.6us. During the first two data intervals covered

in this paper, plasma line spectra were obtained in two over-
2 Instrumentation lapping frequency bands of 3.2-4.8 and 4.5-6.1 MHz both

upshifted and downshifted from the transmitter frequency.
SPEAR is a relatively new combined HF high-power (heater)For the third interval, frequency bands upshifted and down-
and coherent scatter radar system, first described by Wrighshifted by 3.65-5.25 MHz (centred on the SPEAR frequency
et al. (2000), located in the vicinity of Longyearbyen of 4.45MHz) and 4.5-6.1 MHz were used. The plasma line
(Spitzbergen in the Svalbard archipelago with a magnetiodata were obtained from altitude ranges of 90-315 and 240—
dip angle of approximately 8% and is designed to carry 465km, although only data from the 90-315km altitude
out a range of space plasma investigations of the polar ionorange are presented in this paper. Because of the long pulses
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Fig. 1. lonograms taken at 18:10 and 18:46 UT on 7 December 2005 (interval 1). The ionogram from 18:46 UT has signatures consistent

with a porous sporadic E-layer that affects waves with frequencies from 2—6 MHz. There is also evidence of second-hop scatter over this

frequency range. These ionograms, together with those shown in Figs. 2 and 3, were recorded using the Svalbard ionosonde during dropout
when SPEAR was not transmitting. In these figures, the SPEAR frequency of 4.45 MHz is denoted using a vertical dashed line.

used, together with a lack of data regarding the echo strengtB  E- and F-region SPEAR-enhanced incoherent scatter
versus range across the long pulse, the plasma line data are data
not discriminated in altitude. The temporal resolution of both

the ion and the plasma line data was 5.0 s. Thi . ; itive E d E-region ESR
In order to investigate the aspect sensitivity of SPEAR- ' "> Sei. lon c?\éeprsE:;pech Sensé Ve - §n| —regljllon
enhanced ESR backscatter, the steerable 32 m diameter di%pls(;r\:a lorhs Ot d duri ~ennhanced lon argj plaoslmaD|ne spgec—
was oriented in several directions in the magnetic meridian ZSOSaSCtO bec ezoog“”gdczmpa'?gzg?n I;C e InII tehcem ?r
plane, i.e. its azimuth was fixed (with a geographic bear- ctober and Augus uring all three o
ing of 182.7) while its elevation varied according to pre- the intervals discussed below SPEAR continuously transmit-
determined cycles, all centred on field-aligned (FA, with altﬁg |Cr? mgdf?elpzjo:rézneed d rg::'ea;'[%nn agrﬁellfhl\r/le'_eu da\:\tlzlllitzgl/gf-s
eographic azimuth and elevation of 1824dnd 81.8 re-
geographic azimu val covered here are 18:10-20:10UT on 7 December 2005 (in-

spectively). A seven-direction cycle, with a dwell-time of
two minutes per direction, was applied during the December®" erval 1), 11:00-16:00UT on 9 October 2006 (interval 2)
nd 14:10-16:00UT on 15 August 2007 (interval 3). As

2005 and October 2006 campaigns. This cycle used a sepa

aration of 5 between adjacent pointing directions, thereby dlescnbed dm thc(; 2, a stevenl d|1rect|gré EShR scannlfnfgt; cy-
resulting in an angular extent of 30entred on field-aligned. cle was adopted during intervals 1 an whereas a hiteen-

Using the convention that angular displacements in the di dlrﬁctlondcycle vg/asfapplltehd durlntg mtelzrv?ll 3t Tthe |SPEIA|?h
rection of increasing elevation angle, from field-aligned, will enhanced spectra from these intervals tiustrate ciearly the

be labelled as positive, and angular displacements in th ffe.CtS of r?n HF.tﬂ'?h powefr pump v(\j/_avE :n @) _artl |rre|g§-
direction of decreasing elevation angle will be labelled as ar ionosphere with traces of a sporadic E-layer (interval 1),

negative, we have denoted these seven pointing direction(s,b) an ionosphere with a temporally varying F-region with
as follows: FA+15 FA+10, FA+5, FA, FA—5, FA10 and Many features (interval 2) and (c) an ionosphere with a fairly
FA—15. A fifteen-direction cycle with a higher spatial res- weak F-region (interval 3). These ionospheric conditions

olution of 2 between adjacent pointing directions was used were deduced using ionograms, recorded using the Svalbard
during the August 2007 campaign. This resulted in an anguIonosonde (Robinson et al., 2006), which were taken dur-
lar extent of 28 centred on field-aligned. Adopting the same ing each of these data intervals. Although SPEAR was 0s-
convention for labelling pointing directions gives directions tenS|ny transmitting continuously, there were periods dur-
from FA+14 to FA—14, via FA+12, FA+10. .. FA etc. Also, ing which transmissions did not occur. These dropouts were

a dwell-time of one minute per direction was used for this caused by a number of factors, including activation of the
higher-resolution cycle Longyearbyen airport interlock, which inhibits transmissions

from SPEAR and the ESR during the presence of aircraft,
operational and technical difficulties, and compulsory inter-
ruption of our observations in order to collect data in support
of the International Polar Year (IPY), with such experiments
running well into 2008. Because of inability to operate the
Svalbard ionosonde simultaneously with SPEAR when it is
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Fig. 2. A series of ionograms from 11:10 to 15:42 UT on 9 October 2006 (interval 2). These ionograms show an ionosphere with an F-region
that evolves over time, gradually becoming less structured and more disturbed.

functioning in high-power mode, real-time ionograms cre-tween 4 and 5MHz in all of these ionograms corresponds
ated within the nominal SPEAR-on interval could only be to the SPEAR frequency of 4.45 MHz. Although the altitude
obtained during these dropouts. These ionograms, togetheesolution in the ionograms is 6 km, signatures with extended
with others from immediately before and immediately af- altitude ranges are sometimes seen and these may be caused
ter SPEAR operation, are shown in Figs. 1, 2 and 3. Fig-by the oblique nature of some of the echoes detected by the
ure 1 shows ionograms taken at 18:10 and 18:46 UT on donosonde receiver/processing system.
December 2005 (i.e. just before and during interval 1). The
ionogram taken at 18:46 UT has signatures consistent with We turn now to the ESR incoherent scatter radar data that
a porous sporadic E-layer (e.g. Kagan et al., 2000; 2002Wwere collected during the three intervals. The altitudinal and
that affects waves with frequencies from 2—6 MHz. Theredirectional dependence of the ion line spectra will be dis-
is also evidence of second-hop scatter over this frequencgussed later, with the data shown in Figs. 7 to 10, but we
range. Figure 2 shows a series of ionograms, from 11:10 toow consider overviews of the ESR ion and plasma line data.
15:42 UT on 9 October 2006 (within interval 2), recorded be- We have shown data from intervals 1 and 3 but have chosen
fore, within and after the duration in which SPEAR was nom- not to illustrate those from interval 2, because showing the
inally transmitting. These ionograms show an ionospherespectral amplitudes over the entire five-hour interval would
with an F-region that evolves over time, gradually becom-obscure the multi-directional enhancements that we wish to
ing less structured and more disturbed over time. Figure dhighlight. The overviews are illustrated using Figs. 4 and
shows another series of ionograms, in this case beginning &, which contain panels that show time series of the central
14:06 UT and proceeding to 16:02UT on 15 August 2007ion line (CIL) and upshifted (UPL) and downshifted (DPL)
(i.e. through interval 3). These ionograms are suggestive oflasma line amplitudes. The central ion line corresponds to
an irregular ionosphere, which at least for a period during thethe central spectral minimum, which is at the ion line radar
interval is underdense. There is also evidence of an E-layefrequency (499.9 MHz). We have not shown the amplitudes
that interacts with radio waves having frequencies from aboubf the (F-region) upshifted and downshifted ion lines, which
2 to 4 MHz, and possibly higher. The vertical dashed line be-correspond to the ion-acoustic peaks, as SPEAR-induced
enhancements in these spectral components have tended to
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Fig. 3. Another series of ionograms beginning at 14:06 UT and proceeding to 16:02 UT on 15 August 2007 (interval 3). The features in these
ionograms are consistent with an irregular ionosphere, which at least for a period during the interval is underdense. There is also evidence of
an E-layer that interacts with radio waves having frequencies of about 2—4 MHz.

occur simultaneously with enhancements in the central iorplacement can have values that exceet] @has been la-

line (e.g. Robinson et al., 2006). Also, the upshifted andbelled as the elevation angle, to which it is identical for
downshifted plasma lines are-a#1.45 MHz from the plasma  values from 0 (horizontal) to 90 (vertical). We shall ex-

line radar frequency (500.1 MHz). In both figures, the start-amine the data by considering significant signatures in the
and end-times of the ESR scanning cycles are identified usplasma line and/or ion line data and study the directional de-
ing vertical light blue lines. The periods during which the pendence of the apparent SPEAR-induced responses. Such
ESR pointed field-aligned are denoted using black rectangleSPEAR-induced spectral enhancements are easier to iden-
at the top and bottom of the data panels, with each scanningfy in the plasma line data, as significant increases in the
cycle being labelled by the circled humbers located aboveJPL and DPL amplitudes (at4.45 MHz from the radar fre-

the panels. The red bars, of varying thickness, indicate periquency) will most probably be caused by SPEAR-excited
ods of high ion or plasma line amplitude consistent with theinstabilities. This provides us with a reliable method by
action of SPEAR. which to distinguish between natural and artificial features
and we have positioned the red bars in this figure so as to
highlight the plasma line enhancements. By inspection, we
fotice clear multi-directional SPEAR-induced spectral en-
hancements that occur during scanning cycles 2, 4 and 6,
and we shall concentrate on these. Considering cycle 2 first,
we see notable plasma line enhancements, clear in panels (c)

Figure 4 shows ion and plasma line data from interval 1 (7
December 2005, 18:10-20:10 UT), where seven cycles wer
used, with the pointing directions in a given cycle proceed-
ing from FA+15 to FA—15. The ionogram from 18:46 UT
shown in Fig. 1 was collected during activation of the airport

interlock. Panels (a) to (d) show F-region (150-250 km) CIL, : :
. g and (d), when the ESR pointed in FA+15, FA+10 and FA-5.
E-region (80-110km) CIL, UPL and DPL data respectively. The E-region ion line enhancement in FA, seen in panel (b),

The;e altitude ranges were chogen for the E- and F-reglon% not accompanied by an increase in the plasma line ampli-
by virtue of the fact that the principal spectral enhancement§ude and this absence may cast doubt upon whether this ion

?hcglg;f;il;\lrltg:gptlgi?m(zﬁteo??r;sé ;;?nlggéhljr?rlﬁia(ren)azrr]]oe\{c\gme amplitude increase is a SPEAR-induced effect. Turn-
g . X o tt le 4, find cl I li d E-regi
meridian plane (azimuth fixed at 182)1Although this dis- ng nextfo cycle =, we find clear plasma fine an region

www.ann-geophys.net/27/65/2009/ Ann. Geophys., 27, 65-81, 2009
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Fig. 4. lon and plasma line amplitudes from 7 December 2005 Fig. 5. lon and plasma line amplltuc_ies from 15. AU.QUSt 2007. (in-
(interval 1). Panelga) to (d) show the F-region central ion terval 3). Panelgéa) to (d) show F-region central ion line, E-region
. 9 central ion line, and the upshifted and downshifted plasma line re-

line (150-250 km), E-region central ion line (80-110 km), the up- . : . .
shifted plasma line and the downshifted plasma line respectiverSpeCtlvely' Panefe) again shows the elevation angle (angular dis-
placement) of the 32 m dish. The demarcation of the scanning cy-

Panel(e)shows the elgvation a_ngl_e (angular-displacement from hor'cles and the labelling of field-aligned are as for Fig. 4, with the
|zonte_1I) of the 32m dish. In thls figure, and in F'g.' .5' the_start- a_nd ed bars again highlighting the spgectral enhancemer?ts. Definite en-
end-times of the ESR scanning cycles are identified using VertlcaLancements were seen in pointing directions from FA+14 to FA+4
light blue lines. The periods during which the ESR pointed field- and in FA. As for data from interval 1, shown in Fig. 4, these en-
aligned are denoted using black rectangles at the top and bonorﬂancemeﬁts occurred mainly in the E-’region Y
of the data panels, with each scanning cycle being labelled by the '
circled numbers located above the panels. The red bars, of vary-
ing thickness, indicate periods of high ion or plasma line amplitude
consistent with the action of SPEAR. There are clear ion and plasm4eW signs of SPEAR-induced spectral enhancements in the
line spectral enhancements from several directions, including fromF-region ion line amplitude, shown in panel (a). We there-
FA+15, FA+10, FA+5, FA, FA—5 and FA—15, with notable en- fore conclude that the bulk of the enhancements occur in the
hancement occurring in FA. The upshifted and downshifted plasmaE-region. Clearly, the E-region CIL amplitude varied appre-
line enhancements occur mainly in the E-region and are clearly welgjaply during the SPEAR-on periods and this is accompa-
correlated, both with each other and with the ion line enhancementsyjeg by considerable variability in the F-region CIL ampli-
tude. The SPEAR-induced UPL and DPL enhancements are
clearly well correlated, both with each other and with the E-

ion line enhancements in FA+5, FA, FA—5 and FA—15, with region ion line enhancements.

the strongest plasma line enhancement occurring in FA. Cy- We now comment briefly on data from interval 2 (9 Oc-
cle 6 has enhancements in the five directions from FA+15tober 2006, 11:00-16:00UT), where sixteen scanning cy-
to FA—5 and these again occur in the plasma line and E-<les were used, with the pointing directions in a given cycle
region ion line data. Additionally, there is a possible E-region again proceeding from FA+15 to FA—15. Due to plasma line
ion line enhancement in FA—15 in cycle 3. Also, there are hardware problems, the only useful measurements collected
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during this. intgrvgl were the ion Iin(_a data. Because (_)f the SUPERDARN PARAMETER PLOT
natural variability in the plasma density of the polar cap iono- ,
sphere over SPEAR, and hence in the associated ion IineCUTLASS Finland and Iceland Backscatter Power on 9 Oct 2006
spectral amplitude (e.g. Robinson et al., 2006; Dhillon et Beam o 1100 (282) 0 1600 (282)
al., 2007), unambiguously identifying SPEAR-induced fea-  ,g¢ e “ i ‘ \N‘ H‘“ i | “ I
tures became more difficult and we attempted to discern suchw il ‘ ‘\M\ m m | | v M‘ Bl M g
effects by inspection. We were aided by recognizing the S 784, 1 CIRY - B e + 15
consistent (apparent over several cycles) ion line enhance-& 78.2 MW\!'WIMI!UI\WW L — ‘MIIWIWI +10
ments in FA. Also, we note that these enhancements, whichg 780F INIWMW‘!HW LA !"h a }wwmmnm o
occurred mainly in the F-region and which were similar to § " M'M"!IIMMMW‘Ml“ifH! L 1 [l MWHHW ‘m‘.l;: FA
SPEAR-induced F-region enhancements reported previouslygs 7% b7 TR I TR T - |
by Robinson et al. (2006) and Dhillon et al. (2007), were & 77.¢ TR MCIVAINITIRETTIOR . f)-:
not as obvious for pointing directions away from FA. Despite il ‘ H|HHH ” id \ T H| " H ‘ W 0
the difficulty in distinguishing between natural and artificial 774 el | AR | 18 P
signatures, we were able to identify scanning cycles contain- 11:00 12:00 13:00 14:00 1500 16:00 | _ gég
ing evidence of SPEAR-enhanced multi-directional enhance- Beam 6 ut 1100 (252 10 1600 262 g
ments. These scanning cycles are discussed below and the F 0 TR H‘ A 12~
corresponding ion line spectra are shown in Figs. 8 and 9. 784l !\ m‘ W O | \‘ i “ i 9

Figure 5 shows ion and plasma line data from interval 3 3 — Wi — 15
(15 August 2007, 14:10-16:00 UT). For this interval the % 78.2,‘1 [ ” | i +10 @6
high-resolution (2 angular separation) scanning mode was :_', 780; wwl i ‘ ‘mm =N B
utilized and six scanning cycles were applied. Also, the scan-§ " ! L | & FA
ning sequence was reversed in the second and fifth cycles, i.eg 778 L. L i VLTI LG 5 o
going from FA—14 to FA+14 instead of FA+14 to FA-14, & | | I L T T
which was the sequence used in the other cycles. The panel” 77-6[| | N & i RMUEMLE
layout in this figure is the same as that used in Fig. 4, with R o LA L E:
panels (a) to (d) showing F-region CIL, E-region CIL, UPL 11:00 12:00 13:00 14:00 15:00 16:00

uT

and DPL respectively. Panel (e) again shows the elevation
angle (angular displacement) of the 32 m dish. Plasma line_

hardware problems were again present and these data weEég' 6. A range-time-intensity plot of the _reposmoned CUTLASS

lv available for 14:10-15:00 UT. As for interval 1. we ackscatter power from 9 October 2006 (interval 2). The upper and
only e " - . ! .lower panels show data from Finland Channel A (beam 9) and Ice-
have used these plasma line data to identify periods of multiyng channel A (beam 6) respectively. The horizontal black bars in

directional enhancement, which have been highlighted usingach panel show the overlaid geographic latitudes, calculated using
red bars. From 15:10-16:00 UT, when plasma line data were, typical interaction altitude of 180 km, corresponding to the seven
absent, we tried to identify SPEAR-induced ion line spectralESR pointing directions. The SPEAR beam pointed field-aligned
enhancements by inspection. The loss of data from approxand this corresponds to the highest backscatter power, with appre-
imately 14:20-14:30 UT resulted from the airport interlock, ciably lower powers for pointing directions furthest from FA, i.e.
whereas that from 15:00-15:10 UT was caused by mandaFA+10 and FA+15.
tory suspension of our experiment in order to accommodate
data collection for the IPY experiment. Definite E-region
ion line amplitude increases were seen in FA for cycles 2, 4enhanced CUTLASS backscatter was seen only during inter-
and 6. There are additional increases in FA+8 and FA+6, i.eval 2, which, together with the F-region ion line enhance-
close to vertical, in cycle 1. There are also definite E-regionments and ionograms, is consistent with SPEAR interacting
ion and plasma line spectral enhancements at the end of cywith the plasma in the F-region. Because of tHg&-hop
cle 2 and beginning of cycle 3 in FA+14. Cycle 3 also con- propagation path via which the CUTLASS rays travel to and
tains ion and plasma line enhancements in FA+4 and FA+6from the ionosphere over the SPEAR facility (Yeoman et al.,
In cycle 4, E-region ion line amplitude increases are again2007, 2008) it is found that the calculated position of the scat-
present for directions from FA+4 to FA+12. The higher ion ter is highly susceptible to changes in the ionospheric plasma
line amplitudes after about 15:30 UT in cycle 5 for all direc- density. This results in apparent migration of the patch of ar-
tions from FA—10 to FA may also be SPEAR-induced. As tificial backscatter over time. In order to be able to study
for data from interval 1 most of these enhancements occurre@PEAR-enhanced coherent backscatter properly over ex-
in the E-region CIL data. tended temporal periods, and investigate its effects on the as-
The CUTLASS Finland and Iceland radars were operatingpect sensitivity of SPEAR-enhanced incoherent backscatter,
during the three data intervals and they collected data usinghis apparent motion must be removed. This has been done
the scanning mode that was described in Sect. 2. SPEARby assuming that the SPEAR-enhanced coherent backscatter
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ESR BACKSCATTER DATA
lon Line Spectra (scanning cycles 2, 4 and 6) on 07/12/2005

20 FA+15 2.10,8340 ,, FA+10 2.10,88.40 ,y FA+5182.10,86.60 ,, FA182.10,81.60 20 FA-5182.10,76.60 20 FA-10182.10,71.60 ,o FA-15182.10,66.60
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Fig. 7. lon line spectra for scanning cycles 2, 4 and 6 from interval 1. For these data, and those from interval 2 shown in Figs. 8 and 9,
each of the seven panels in each row shows temporally averaged ion line spectra from all times during which the ESR pointed in a specific
direction, which ranged from FA+15 to FA—15. Each panel direction is labelled using its designation, e.g. FA+10, followed by the azimuth
and elevation of that pointing direction. The horizontal axis in each data panel shows the frequency and the other two axes show the altitude
and the spectral amplitude. It is clear that significant E-region enhancements occur in FA+15, FA+5, FA and FA—5, with notable increases
in FA. Also, the central parts of the F-region spectra in FA+15, FA+10 and FA+5 are clearly enhanced.

with the highest amplitude at a given time corresponds to theerval 2 and a range-time-intensity plot of the repositioned
most intense part of the SPEAR beam, which in this caseartificial backscatter, for 11:00-16:00 UT, is shown in Fig. 6.
was pointing in the field-aligned direction. Since the loca- The upper and lower panels of this figure correspond to data
tion of SPEAR is known (78.13N, 16.05 E geographic), from Finland Channel A (beam 9) and Iceland Channel A
this technique may be used to reposition the scatter such thgbeam 6) respectively. The labelled horizontal black bars
its apparent movement over time can be eliminated. A fur-in each panel show the overlaid geographic latitudes of the
ther essential requirement involves confirming that the ma-seven ESR pointing directions. These were calculated for
nipulated scatter was genuinely SPEAR-induced, and not typical interaction altitude during the interval of 180 km.
naturally occurring scatter that happened to be in the vicin-The variation in the backscatter amplitude across the modi-
ity. This was done by examining the spectral widths of thefied patch, as seen by both radars, results from the highest
backscatter. Since artificial backscatter generally has lowebackscatter power corresponding to the centre of the SPEAR
spectral widths than those of natural backscatter (e.g. Dhillorbeam. The temporal variability in the width of the backscat-
et al., 2002), this spectral characteristic may be used tder patch may result, at least in part, from the intrinsic na-
differentiate SPEAR-enhanced CUTLASS backscatter fromture of the polar cap ionosphere, through which patches of
natural backscatter. By applying this method to the dataoverdense plasma frequently travel (Robinson et al., 2006;
from this interval, we were able to identify the artificial Dhillon et al., 2007). The variability in the backscatter am-
backscatter with some confidence. These corrective methplitude, at any spatial position, may also be explained by in-
ods have been applied to CUTLASS data taken during in-cluding the effects of changing ionospheric propagation. Itis
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ESR BACKSCATTER DATA
lon Line Spectra (scanning cycles 1, 4 and 5) on 09/10/2006
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