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Abstract. The generation mechanism for naturally enhancednormal thermal back scattering because of the very strong
ion-acoustic echoes is still debated. One important issue ignhancement of one, or both, ion-acoustic shoulders of the
how these enhancements are related to auroral activity. Alteturned spectrum (corresponding to an ion-acoustic wave
events of enhanced ion-acoustic echoes observed simultaraveling away from, or towards the radar, or both), and their
neously with the EISCAT Svalbard Radar (ESR) and with very dynamic appearance. They are different from the strong
high-resolution narrow field-of-view auroral imagers have coherent back scattering from solid objects, such as satellites,
been collected and studied. Characteristic of all the eventss they are smeared out in the field-aligned direction.
is the appearance of very dynamic rayed aurora, and some The first reported observations of such enhanced ion-
of the intrinsic features of these auroral displays are identi-acoustic echoes stem from the Haystack observateog-(
fied. Several of these identified features are directly relateder et al, 1988. Similar observations were later made by
to the presence of low energy (10-100 eV) precipitating electhe EISCAT facilities Collis et al, 1991 Rietveld et al.
trons in addition to the higher energy population producing1991). Based on observations, three main mechanisms
most of the associated light. The low energy contribution isevolved to explain the observationSgdgemore-Schulthess
vital for the formation of the enhanced ion-acoustic echoesand St.-Maurice2001). Two of them are based on stream-
We argue that this type of aurora is sufficient for the genera4ing instabilities, and rely on strong relative drift between two
tion of naturally enhanced ion-acoustic echoes. In one eventhermal populations (ion-ion and ion-electron). A third ex-
two imagers were used to observe the auroral rays simultaplanation is based on the decay of Langmuir waves (due to
neously, one from the radar site and one 7 km away. The data bump-in-tail instability) into a secondary pair of Langmuir
from these imagers shows that the auroral rays and the stronand ion-acoustic waves. Very recently, the extremely small
backscattering filaments (where the enhanced echoes are prtemporal and spatial scales of the enhancements were un-
duced) are located on the same field line, which is in contrastaveled byGrydeland et al(2003 2004 by using the two
to earlier statements in the litterature that they should be sepantennas of the EISCAT Svalbard Radar (ESR) as an inter-
arated. ferometer. Their results showed that a time resolution of
0.2s is required to resolve the enhanced radar echoes, and
that this scattering can arise in filaments narrower than a few
hundred meters in the direction perpendiculaBtoeven at
several hundred kilometers altitude. Evidence that the scat-
tering cross section is increased at least 4-5 orders of magni-
1 Introduction tude, and that up- and down-shifted echoes can be enhanced
simultaneously, are strong support for the Langmuir wave
So-called naturally enhanced ion-acoustic echoes stand owlecay model Grydeland et a).2003 2004). We explicitly
as a significant problem in the understanding of incoherentake this model as the working hypothesis for explaining the
scatter (IS) radar data. They are easily distinguishable fronobserved enhanced echoes.
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Table 1. List of events.

Time Timeres. (S)

Date (UT) Radar/imager Notes
24-01-1998 07:00 10/0.033 Sedgemore-Schultess
24-01-1998 07:06 10/0.033 et al. (1999)

17-01-2002 06:46 <0.2/0.033 Grydeland et al. (2003, 2004)
26-01-2003 06:53 <0.2/0.04
30-01-2003 07:10 <0.2/0.04 No enhanced echoes

<A WN R

Earlier observations suggest that enhanced ion-acoustisigned long pulse progranf,1i, was used. This is a com-
echoes are associated with intense red aurora, and are rbined ion-line/plasma-line program, designed specifically for
stricted to the boundaries of (stable) auroral ar€sllfs a MIDAS-W type receiver for the ion-lines. This program
et al, 1991 Rietveld et al. 1991, Cabrit et al, 1996, has a very large range coverage, from about 300 to 1600 km,
while newer observations indicate that the enhancements aavhich was chosen to investigate the height regime of en-
company rayed aurora and coronal structures. Sedgemoréranced ion-acoustic echoes.

Schulthess et al. (1999) were the first to utilize a high-

resolution narrow field-of-view imager in their coordinated 2.2 Imager

observations of enhanced echoes at ESR. They noticed that ) ) . _ .

the radar beam can, within a single radar integration periodThe different events used different imaging faC|I|t|es_. The
(10s in that case), be located both outside and inside auror&0Mmon features of these are that they all record in stan-
They suggest that coronal forms are both necessary and sufard video (digital and analog) format, they use image-
ficient for the formation of enhanced up-shifted shoulders,nNtensifiers, fiber-optically coupled to the CCDs (Charge
and that luminosity within the radar beam is necessary, pufcoupled Device) to_achleve th_e h|ghes_t possible sensitivity,
not sufficient, to generate enhanced down-shifted shoulder@nd the camera units are equipped with standard C-mount
Grydeland et al(2004 were the first to resolve fully both the lens adaptors so that a wide range of lenses can be used. The

radar enhancements and the aurora. The spatial and tempof@SPOnse of the imagers varies with wavelength, so that abso-

resolution of the earlier observations (before 1999) are ver)JUte brightness of auroral emissions cannot be determined. In

limited, considering the newer findings that the enhancemost of the events, cutoff filters have been used to eliminate

ments are varying on a subsecond time scale, and that th@ngd-lived emissions. o
aurora is very dynamic. Such active aurora cannot be studied EVeNts 1-3 were covered by the University of Calgary

properly using photometer measurements of 630 nm emiS_PortabIe Auroral Imager (PAI) located at the Auroral Sta-

sions Collis et al, 1991), all-sky imagers Rietveld et al, 0N in Adventdalen, about 7km north of ESR, alT&'N,

1991, or EISCAT estimates of auroral positioqbritetal, ~ 5'90'E. The camera was pointed towards the magnetic

1999. zenith. For events 1 and 2 a lens wlth a field-of-view of
15°x12° was used. A 675 nm-cutoff filter was mounted to
suppress the slow 630 nm-(red) emission and focus on the

2 Instrumentation prompt Nb and Nj emissions. For event 3, a shorter lens
with a viewing angle of about 31by 23, without cutoff fil-
2.1 Radar ter, was used.

During event 4 (and), two imagers were used. The Spec-
The EISCAT Svalbard Radar (ESR), situated at978l, trographic Imaging Facility (SIF) is a platform of instruments
16°2'E, is described byWannberg et al(1997. Four events  at the Auroral Station run by University of Southampton and
have been analysed from dates listed in Table 1. DifferentUniversity College, London, and includes the narrow angle
radar programs were used in each, all looking in the field-imager 12 x16° used herel(anchester et af2003). The
aligned direction. During events 1 and 2, a long pulse pro-Optical Digital Imager (Odin) of University of Tromsg is a
gram, gup0, was used. Standard EISCAT signal handling new imager mounted at the ESR site. As these are the first
was in use, which dumps raw data in pre-integrated 10-geported observations from this imager, more detail is given
packages. For event 3, thep0 program was used, with here. The core of the imager is a video camera (XYBION
an additional receiving system, the MIDAS-W receivdplt ISS-750), where a Generation 3 extended blue image intensi-
et al, 2000, in operation. This samples and stores the signalfier (64 line-pairs/mm) is used. The CCD has ¥&81 pix-
directly (without any pre-integration) on a large hard disc. els on 8.3%6.29 mn?, and a full well capacity of about 100
This technique allows the received signal to be analysed akilo-electrons per pixel. The camera outputs a standard PAL
very high temporal resolution (in theory limited by the pulse video signal, 25 frames/s, with a resolution of 525 horizontal
length of the transmitted pulse). For event 4, a specially dedines. The video signal is digitized in real time and converted
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Fig. 1. Typical images from three of the events, and a fourth image, in the lower right frame, which shows a coronal aurora frém event
with no associated enhanced ion-acoustic echoes. The upper left frame is from event 1, the upper right from event 3, and the lower left frame
from event 4.

to the (PAL) DV standard and stored on DVCAM tapes using all observations are made in the proximity of the cusp. In
a SONY DSR-1500P digital video recorder. A F0.95 50-mm all events, the meridian scanning photometer (MSP) show
lens was mounted, yielding a 14:310.9 field of view. On  strong red emissions moving north, associated with soft-
both imagers a 650-nm cutoff filter was used. particle precipitation. In events 1 and 2, the radar is situated
slightly south of this dominant red region, while for events
3 and 4 it is within it. The poleward moving red aurora is

3 Observations clearly seen in the top panel of Fig. 2.

Only four of all events known to th.e authors (out of a to- 3.1 Radar observations
tal of more than 300 h of observations) are found to have

observations of enhanced ion-acoustic echoes when the sy, events 1 and 2, there are significant changes between each
was clear and high-resolution narrow field-of-view auroral 10-s data dump, indicating that the physical mechanism is

imagers were operating. These are presented in Table hcting on a time scale much shorter than 10, but it is active
These auroral sightings are compared with an additionafgr 200 30 s.

event (eventX in Table 1) where coronal aurora was ob-  The activity in the enhanced ion-acoustic echoes for
served, but no enhanced ion-acoustic echoes. They all ocCiyent 3 is shown in Fig. 1 iGrydeland et al(2003, and

in the pre-noon (MLT) sector. Selected images from three ofis not repeated here. As in events 1 and 2, this lasts for about
the events, plus one from the additional event, are shown ipg s put the high time resolution allows the dynamics to be

Fig. 1. _ o _ fully resolved Grydeland et a).2004.
The geophysical background is similar for all events, with

moderate activity X, is 3, 3, 3, and 4, respectively), and
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Fig. 2. Meridian scanning photometer data from event 4 (26 January 2003, 06:53 UT), The panels show the 630.0-nm (red), 427.8-nm (blue)
and 557.7-nm (green) emissions in kR, from top to bottom, respectively. Around the time of the event there are fairly strong red emissions,

which in the absence of other optical instruments, easily could have been interpreted as northward moving red arcs. The radar is pointing
just south of the 9Dscanning elevation angle.

During event 4, the radar program/) covered aslightly 3.2 Imager observations
different range regime, observing also at much greater alti-

tudgs than ear_lier, at the expense of lower range resolutionype rapidly moving rays in the four events are very different
No ion-acoustic shoulders were observed to be enhancegom arcs in which rays form part of a curtain and are more
above 1400km in that event, and very few even at 1200 kMstaple gussila et al.2003. Crude estimates yield horizon-
The middle spectra in Fig. 4 shows one of the highest-iy| velocities of several km/s when mapped to an altitude of
reaching enhanced shoulders during that event. The uppefos km. Another significant feature we observe is the oc-
panel of Fig. 3 shows the evolution of the power (per unit o rrence of patches of enhanced luminosity in the rays that
frequency), for two different range regions and for up-/down- 5imost move independent of the rays. The enhanced lumi-
shifted ion-acoustic shoulders, in time (arbitrary units). Thenosity moves from ray to ray, and also along the rays. In
event covers approximately 40s, and similar to event 3, thenese very luminous parts the imagers are easily saturated,
activity of the enhanced shoulders is more pronounced angh ;g losing contrast and the possibility of identifying indi-
powerful in the upper height regime (above 550 km), while yjgyal rays. Sometime these luminous parts move up and
the background level is much higher at lower altitudes. As ingown in a semi-periodic way as if the rays are “pumping”

event 3, enhancements observed below 550 km are always Siapproximately around 5 Hz, which corresponds roughly to
multaneous with (small) enhancements above 550, but qu'tﬁickering aurora).
often enhancements are observed above 550 km and not be-
low it. In event 3 and 4 the down-shifted shoulder is also . : . g
. . structures appear in the images, which makes it likely that
generally more strongly enhanced than the up-shifted in th e L
. : I hey stem from prompt emissions. This is further empha-
higher range regime, but the two shoulders are similarly en-_. . o
sized by the fact that event 3 was observed in white light,
hanced at lower ranges. However, the enhancements are Ies%. ' .
. o . while cutoff filters that remove the slow 630-nm emissions
intensive in event 4 than in event 3. . . -
were used in the others. Still the rays appear very distinct.
Because the sensitivity of the imagers is decreasing rapidly
Two typical enhanced echoes from events 3 and 4 aren the near-infrared part of the spectrum, the emissions seen
shown in Fig. 4, together with the normal thermal spectrumare most likely from the prompt N(first positive) and Ig‘

observed during everX. (Meinel) emissions.

A third important signature is how very clear the rays and
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Fig. 3. Time series of radar (upper panel) and imager (lower panel) data from event 4. The radar data is power per unit frequency at the
peak of the ion-acoustic shoulder, for two different height regions and for the up- and down-shifted shoulder, as a function of time (arbitrary
units). In the lower panel the total “in-beam” luminosity, measured by the imager (arbitrary units), is shown as a function of time. This event
was covered by two imagers, and the dashed line in the lower panel shows the in-beam luminosity moves from the SIF imager mounted at
the Auroral Station, while the solid line is from the Odin imager mounted at the ESR site. The view from the ESR was slightly obscured by
thin cloud, and the periodic spikes in the solid line are due to reflections from this layer of a warning lamp.

A significant feature in event 3 is the appearance of so-of radar and optical signatures. In event 4 two imagers were
called flaming auroraScourfield and Parson$969 Cress-  used. The in-beam luminosities from these are shown in the
well, 1969 Omholt 1971). This is ap, type pulsating aurora  lower panel of Fig. 3, where the dashed line is from the SIF
where surges of luminosity move up along the magnetic field,jmager at the Auroral Station and the solid line is from the
and thus converge in the magnetic zenith. They are usuallyDdin imager at the ESR site. The ESR site was slightly ob-
attributed to significant energy dispersion in the precipitat-scured by thin cloud, but the aurora could be seen through
ing electron population, where the higher energy electrondt. The periodic spike in the luminosity from the Odin im-
reach the ionosphere first, and penetrates deeper, while theger is caused by a warning light at the entrance to the ESR
lower energy particles are stopped at higher altitude. If thesite. The in-beam luminosity from the SIF imager (dashed
acceleration process is limited in time, then as the luminosityline) shows much more activity than the Odin imager, which
disappears at low altitude, it remains for a brief time at highercould be partially due to the thin cloud cover above the ESR
altitude, and the whole ray seems to be drawn out from thesite which filters out weak auroral emissions. Another differ-
ionosphere. The flaming appearance can be considered a spenace is that the dashed line follows more closely the activ-
cial case of the “pumping” effect seen in all the events, butity of the power in the up-shifted shoulder at altitudes above
where the dispersion is more pronounced. The scale of th&50 km, while the solid line is more similar to the evolution
structures and the signatures of a mixed energy content in thien power of both shoulders at altitudes below that.

precipitating electrons all indicate that the aurora is not due . . .
The auroral display from everX is just as active as the

to a large inverted-V event. This conclusion, and why it may th but the struct in th diff d
be important for the generation of enhanced radar echoes igthers, but the structures in e aurora are more difiuse, an

further discussed in Sect. 4 no distinct ray structures moving rapidly could be identified,
i s . . , . nor any pulsations or flaming aurora.
The position of the radar beam in the imager field-of-view yPp 9
can be determined for a given height (here 105 km is used). Based on the above observations we use the following 3
The total luminosity within this circular region of each im- signatures to characterize the aurora present during enhanced
age (in-beam luminosity) can be used in comparative studiegon-acoustic echoes:
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Fig. 4. Three spectra received at the ESR. At the top is an enhance

1. Very dynamic rayed aurora, with apparent horizontal
motion of rays at 105 km altitude of several km/s.

2. Individual rays appear very distinct, even in observa-
tions in white light where one might expect contamina-
tion from long-lived emissions.

3. Superimposed on the ray structure are patches of
enhanced luminosity, which move both horizontally,
crossing from ray to ray, and vertically, along the
rays. This introduces a secondary visual appearance of
“pumping” and “flaming”.

Further studies on these dynamic rays must be performed,
and more quantitative signatures must be isolated to aid the
identification of events similar to those reported here.

4 Discussion

The following discussion consists of two topics: 1) that
enhanced ion-acoustic echoes are associated with dynamic
rayed aurora, and 2) that the scattering region (causing the
enhanced radar spectrum) is on the same field line as the au-
roral rays, or very close.

Red auroral emissions are seen in the MSP data during
all the events. This is also a characteristic of earlier ob-
servations of enhanced ion-acoustic echoes from EISCAT
Tromsg. For exampleCollis et al. (1991 report the pas-
sage of a strong rayed red aurora during their observations,
and locate the enhanced echoes at the borders of this aurora.
Whether such reports have enough time resolution to deter-
mine the full dynamics of the event, so that the aurora and
the enhanced echoes really can be separated, is not known.
Without the high-resolution imagers used in this report, the
auroral activity could simply have been interpreted as pole-
ward moving red auroral forms. All the earlier observa-
tions were made on the mainland, while all the events pre-
sented here are from the 06:00-07:00 UT interval on Sval-
bard (high magnetic latitude). Therefore, the two sets of
observations are very different in contexRietveld et al.
(1996 showed there was a minimum in the occurrence rate
in the morning hours (UT) for the mainland observations of
enhanced echoes, and a maximum in the afternoon/evening,
and that the echoes were preferably found during geomagnet-
ically disturbed times. However, recent statistical studies by
Ivchenko and Marklung2001, 2002 andNeubert and Chris-
H’ansen(zooa shows that small-scale activity (Aln wave

spectra from event 3, and in the middle is an enhanced spectra frorCtivity and small-scale field-aligned currents) are preferably
event 4. The third spectra at the bottom is a normal thermal specfound in the cusp/cleft region, and during periods of high
trum from eventx, when no enhancements were observed at all. geomagnetic activity, also in the premidnight sector at lower
Images from the auroral imagers taken during the same times argagnetic latitude. Thus, although the setting is very different
shown in Fig. 1. The data has not been background subtracted doetween mainland observations in the premidnight sector and

corrected for attenuation with range squared.

Svalbard observations in the prenoon sector, the geophysical
setting, in the form of small-scale activity, can be very simi-
lar.
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4.1 Auroral rays and enhanced radar echoes

Sedgemore-Schulthess et al. (1999) claimed that corona

forms were necessary and sufficient for the formation of en-

hanced up-shifted shoulders. Evéntwhere coronal forms 800 km
are present, but there are no enhanced echoes, shows that th

is not the case.

For the formation of enhanced ion-acoustic echoes from
the Langmuir wave decay modedFdrme 1993 1999, a
“seed” high energy population (high compared to the thermal
plasma) is needed (to initiate the Langmuir turbulence from
a bump-in-tail instability). For the ESR radar, at 500 MHz,
the initial seed population must have an energy of 10-100 eV
(Forme 1993. This energy level is very low when compared 110 km
to the typical energy of precipitating electrons (several keV).
Thus, it is important that the precipitating population have a
low energy component. The very nature of the observed au- ;
rora indicate that there are precipitating sub-keV electrons.
Ray structures in aurora are closely associated with electror E
density profiles produced by a precipitating population with
Maxwellian energy spectrum, rather than that of a mono-Fig. 5. A drawing of the imager/radar set-up used in the observa-
energetic beam\{chenko et al.2004). tions. The shaded red triangular region is the radar beam, while the
Alfvén wave acceleration of electrons is generally be-larger shaded blue region is the field-of-view of the camera at the
lieved to cause the small-scale structures observed in alﬁ\uroral Station. The strong lines drawn from ESR shows the field-
. ... of-view of the camera mounted there. Two different situations, A
rora (StaSIEWICZ et a’I,ZO.OQ’ and the'obslerved aurora carries and B, are shown. In A, both the enhanced radar echo (red) and
many signs of an Alfenic acceleration (i.e. small scales and

d . Furth di . . . the auroral ray (green) are within the radar beam at all altitudes,
ynamic). Furthermore, dispersive Aifw waves give rise while they are partially outside in B. In the latter case, the aurora

to so-called suprathermal electron bursts, where the precipgjj appear to be “in-beam” at 105 km when viewed from the Au-

itating electron energy may extend up to 1 keAhflersson  roral Station, as shown by the dashed line drawn from the imager
et al, 2009. Flaming aurora is another indicator that there through the radar beam.

is a mixture between high and low energy precipitating elec-
trons.

Thus, we argue that the acceleration mechanisms for dy-1.3 of the radar beam. This can in part explain why the
namic rayed aurora is of an Algnic type, which generates occurrence rate increases with range.
a significant number of lower energy electrons, in addition \When viewing along the radar beam, from the Odin imager
to the main bulk of high energy precipitating electrons. This mounted at the ESR site, the in-beam luminosity would cor-
low energy component (in this case, 10-100eV) is vital for relate with enhanced echoes observed both at low and high
the formation of Langmuir turbulence in the upper iono- altitudes, if we assume that auroral rays and enhanced echoes
sphere. Hence, the active rayed aurora is sufficient for enpccur on the same (or two very close) field line(s). This is the
hanced echoes, but not necessary. Other mechanisms migéituation outlined in Fig. 5, by the red (the strong backscatter-
yield the necessary (10-100eV) electron beams that couléhg region) and green (auroral ray) structures under A. How-

p ESR

generate Langmuir turbulence. ever, a structure only observed at high altitudes is not ex-
pected to correspond to any in-beam luminosity, as seen by
4.2 Localisation of scattering region vs. auroral rays the structures under B.

Furthermore, when the imager and radar are separated by

From earlier observations on the mainland, we know that theseveral kilometers, there is an ambiguity in interpreting the
occurrence rate of enhanced echoes increases with heigloptical signatures. The dotted line in Fig. 5 shows that there
above 250km, and maximizes at 500 kRigtveld et al. might be contributions to the measured light intensity from
1996. Our observations stretch further out, and do not fit structures behind, but at higher altitudes (as well as from in
with the above observations. Instead, the observations iriront at lower altitudes). We can use this to our advantage; in
Fig. 3 show more enhanced echoes at altitudes above 500 krsituation B (in Fig. 5) there will be a correlation between high

Grydeland et al(2003 showed that the coherent struc- altitude enhancements and in-beam luminosity when seen
tures causing the enhanced echoes are extremely thin and fiirom the off-radar imager, but not for the imager colocated
amented. As shown in Fig. 5, a structure within the radarwith the radar.
beam at 800 km (B) may be situated 7 to 10 km outside the In order to study this effect in the time series shown in
beam at 100 km altitude, because of the angular width ofFig. 3, we have calculated the cross-correlation coefficient of
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Fig. 6. Correlation between the in-beam luminosity and time seriesFig. 7. Same type of correlation as in Fig. 6, from the same time,
of received radar power from different regions of the radar spec-but the in-beam luminosity is taken from the SIF imager mounted
trum. The in-beam luminosity here is taken from the Odin imager at the Auroral Station.

mounted at the ESR site.

across the field-of-view, in addition to strong red emissions
the in-beam luminosity of the Odin imager (at ESR) and thein the background.
power received by the radar at the peak of the ion-acoustic Three signatures of the dynamic rayed auroral displays
shoulder. Figure 6 shows the result. This is compared withwere used to identify similar events.
the same analysis using the SIF imager data, shown in Fig. 7.
Because the time series are only 45 s long, peaks in the cross-
correlation coefficient at time lags greater thatO s have
very low statistical significance. 2. Individual rays that are distinct, even when observed in

As can be seen directly, the view from the Odin imager, white light.

Fig. 6 correlates better with the lower altitude radar power
(dashed lines) than does the SIF imager (Fig. 7). In con-
trast, the SIF imager in-beam luminosity has a much better
correlation with the high altitude received radar power, than

does the Odin imager, especially for the down-shifted lineThe strong correspondence between enhanced ion-acoustic
(compare the red solid lines in Figs. 6 and 7). Thus, the aCechoes and dynamic rayed aurora suggests that they are in-
tivity of the auroral rays and enhanced scattering is alignedjmately linked. The small-scale and fast movements in the
along afield line. A similar analysis, as shown in Fig. 6, was auroral display indicates that Alénic acceleration mecha-
performed, using instead the luminosity within a ring sur- nisms are important. This, together with the extended alti-
rounding the radar beam (W|th an outer radiUS tWice that Oftude Coverage Of aurora| rays and the red background emis_
the radar beam). If there was an offset between the scatteringions, shows that there is a significant part of low energy (sub
filament and the auroral ray, then the resulting correlationiev/) electrons among the precipitating electrons. This low
would be stronger than the result in Fig. 6. However, theenergy part is proposed to be a key component to the gener-
resulting cross-correlation coefficients of such an analysisgtion of enhanced ion-acoustic echoes via a nonlinear wave-
although similar to that in Fig. 6, are about 5% lower. This decay of Langmuir waves-6rme 1993.
further supports the conclusion that the strong backscattering garlier observations have shown that enhanced ion-
filaments are on the same field lines as the auroral rays, alacoustic echoes are related to (stable) red arcs, preferentially
though at a much higher altitude (they can be separated by ggcated on the edge of the arc. Such characteristics are in-
much as 800-1000 km in altitude). consistent with the four reviewed events, because of their
very dynamic structure. Simultaneous observations of auro-

i ral rays from two optical imagers separated by 7 km, shows

5 Conclusions that the strong backscattering filaments are located on the

. . . same field line as the auroral rays, and not on the edge of an
All known observations of enhanced ion-acoustic echoes

which were coordinated with high-resolution narrow field- auroral arc.

of-view optical imagers have been reviewed. The four radarAcknowledgementsThe authors like to thank Dr. Anastasia
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