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Abstract. It is well known that the ionospheric plasma
response to high-power HF radio waves changes dras-
tically as the heater frequency approaches harmonics of
the electron gyrofrequency. These include changes in the
spectrum of the stimulated electromagnetic emission,
reduction in the anomalous absorption of low-power
diagnostic waves propagating through the heated vol-
ume, and reduction in the large scale F-region heating.
Theoretical models as well as previous experimental
evidence point towards the absence of small-scale ®eld-
aligned plasma density irregularities at pump frequen-
cies close to electron gyroharmonics as the main cause of
these changes. Results presented in this paper are the
®rst direct observations of the reduced striations at the
3rd gyroharmonic made by the CUTLASS radar. In
addition, simultaneous EISCAT observations have
revealed that the ``enhanced ion-line'' usually present
in the EISCAT ion-line spectrum during the ®rst few
seconds after heater switch on, persisted at varying
strengths while the heater was transmitting at frequen-
cies close to the 3rd electron gyroharmonics.
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Introduction

In this paper we report new experimental ®ndings
concerning the suppression of the small-scale ®eld-
aligned irregularities when the heater frequency is near
the third harmonic of the electron gyrofrequency. One
of the most important phenomena discovered during

ionospheric modi®cation experiments by means of
high-power HF radio waves was the generation of
small-scale ®eld-aligned irregularities (striations) and
their close connections to the anomalous absorption of
low-power HF waves passing through the heated
volume (Jones et al., 1982, 1983; Robinson, 1989)
and to high frequency stimulated electromagnetic
emission (SEE) (ThideÂ et al., 1982; Boiko et al., 1985;
Stubbe et al., 1994; Stocker et al., 1993; Honary et al.,
1995).

Striations are local stationary depletions of plasma
density, with scales of the order of a few meters across
and several kilometres along the magnetic ®eld lines.
A theoretical picture for the formation and maintenance
of striations is described by Dysthe et al. (1982),
Mjùlhus (1993, 1997), Vaskov and Gurevich (1984),
and Gurevich et al. (1995). In all these theories, a pre-
existing striation will lead to generation of upper hybrid
waves which are trapped in the density depletion of the
individual striation, leading to local heating of the
ionospheric plasma and thereby increasing the density
depletion by plasma transport along the ®eld lines.

Modi®cation experiments in which the heater oper-
ates at frequencies in the vicinity of the harmonics of
the electron gyrofrequency, has been the focus of
recent studies. The ®rst measurements were primarily
concerned with the changes that occurred in the
spectrum of the SEE. The SEE spectrum has a rich
structure, extending more than 100 kHz around the
pump frequency. Whereas some of the SEE features
exist at pump frequencies away from the gyroharmon-
ics, the so-called ``universal features'', others only exist
when pump frequency is at or very close to gyrohar-
monics: the ``gyro features'' (Leyser et al., 1989, 1990,
1994; Stubbe et al., 1984, 1994; Honary et al., 1995).
Combined anomalous absorption and SEE measure-
ments, involving systematic pump frequency changes
around the vicinity of gyroharmonics have indicated
that the universal features are physically connected
with each other via striations (Stocker et al., 1993;
Stubbe et al., 1994; Stubbe 1996).
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Experimental arrangement

The observations reported in this paper are from the
UK heating campaign in April 1997. The heater, which
is located at Ramfjordmoen about 16 km to the
Southeast of Tromsù, Norway, has been described in
the literature (Rietveld et al., 1993). The heater trans-
mitted along the local magnetic ®eld line with an
e�ective radiated power (ERP) of 100 MW and O-mode
polarisation. The heater frequency was kept for a few
cycles of 2 min on, followed by 2 min o� at 4.10 MHz,
and then changed to 4.05 MHz at 12:18 UT, for a few
cycles. The heater was ®nally switched back to
4.10 MHz at 12:42 UT for the last few cycles of the
experiment. The times of frequency changes are marked
by dashed line across the ®rst two panels and each
heater-on time is marked at the top of the ®rst panel in
Fig. 1.

The spectrum analyser employed for the real time
recording of SEE spectra was located at Seljelvnes about
40 km south of Tromsù. The other diagnostics em-
ployed in this experiment are CUTLASS and EISCAT
UHF radar.

CUTLASS is a bistatic HF coherent radar, with
stations in Finland and Iceland, and forms part of the
international SuperDARN chain of HF radars (Green-
wald et al., 1995). Each radar of the system is a
frequency agile (8±20 MHz) radar, routinely measuring
the line-of-sight (l-o-s) Doppler velocity and spectral
width of, and the backscattered power from, ionospheric
plasma irregularities. The radars form 16 beams of
separation 3.24 degrees. Each beam is gated into 75
range bins, each of length 45 km standard operations.
During standard operations the dwell time for each
beam is 7 s, giving a full 16 beam scan, covering 52 s in
azimuth and over 3000 km in range (an area of over
4 ´ 106 km2), every 2 min. Common-volume data from
the two stations can be combined to provide convection
velocities perpendicular to the magnetic ®eld, although
the interval under study utilises data only from the
Finland radar. For the interval on 23 April 1997 the
Finland radar was operating a non-standard scan mode.
In this mode, rather than the usual sweep through
beams 0, 1, 2,. . . , 15 the sequence 2, 5, 3, 5, 4, 5, . . . 8, 5
was employed, where beam 5 approximately overlies
Tromsù. The dwell time on each beam was 1 s and the
range resolution was increased to 15 km. This allowed a
narrow scan of the heated volume with high temporal
and spatial resolution.

The EISCAT UHF antenna at Tromsù was ®xed in
the ®eld-aligned direction. Four di�erent modulations
were transmitted, and all were received in such a way as
to investigate the ion line at di�erent height resolutions.
For the E-region and lower F-region a high-resolution
alternating code gave spectra at a range resolution of
3.15 km. Independent measurements of raw electron
density (scaled and range corrected power estimates)
were made at the same resolution between heights of
86.8 and 271.4 km. A longer pulse measured the raw
electron density at a range resolution of 4.5 km between
altitudes of 68.69 km and 415.8 km, while a ®nal low-

resolution long pulse gave ion line spectra between
heights of 150 km and 600 km at a resolution of
22.5 km. The data were recorded at a time resolution
of 5 s.

Observations

Figure 1 presents simultaneous observations made by
CUTLASS, EISCAT and the spectrum analyser as a
function of time for an interval of 1 h between 12±13
UT on 23 April 1997. The ®rst panel illustrates the
CUTLASS backscatter power, in the second panel the
EISCAT UHF observations of ion-line power pro®les at
four di�erent heights close to the interaction region is
depicted. The EISCAT UHF ion line is strongly
enhanced for a few seconds after heater turn on at the
so-called matching height. This is the level, usually a few
km below the re¯ection height, where natural Langmuir
waves at the frequency of the HF pump have k vectors
matching those of the radar.

In the experiment reported here the height of the
enhanced ion-line was close to 197 km for heater
frequency of 4.05 MHz and in the height range of
200±209 km for heater frequency of 4.10 MHz. Finally,
the third panel in Fig. 1 presents three measurements of
SEE features at three di�erent times corresponding to
di�erent heater frequencies. The presence of a Down-
Shifted Maximum (DM) in the SEE spectrum has been
shown to be a very good indicator of whether the heater
frequency is near to or far from a harmonic of the
electron gyrofrequency.

The observations presented in Fig. 1 may be sum-
marised as follows: CUTLASS backscatter power levels
dropped from 30±35 dB at 4.1 MHz right down to <5
dB at 4.05 MHz ± a power reduction of at least 30 dB.
This provides clear evidence of the greatly reduced ®eld-
aligned irregularities at heater frequency of 4.05 MHz
which is believed to be close to the third harmonic of the
electron gyrofrequency for the ®rst three heater cycles at
4.05 MHz. However, due to the natural changes in the
state of the ionosphere, during the last two cycles of the
heater operating at the frequency of 4.05 MHz it
became apparent that the frequency of 4.05 MHz no
longer matched the third electron gyrofrequency.

EISCAT observations include power pro®les of the
ion-line as well as measurements of electron and ion
temperatures and electron density. It was found that the
enhanced ion line usually present in the EISCAT ion-
line spectrum during the ®rst few seconds after heater
switch on, persisted at varying strengths while the heater
was transmitting at frequencies close to the third

Fig. 1. Data panels indicating, from the top (a) CUTLASS back-
scatter power, (b) EISCAT UHF observations of ion-line power
pro®les at four di�erent heights close to the heater ``matching height'',
both versus time, and (c) three measurements of SEE features at three
di�erent times corresponding to heater frequencies of 4.10 MHz,
4.05 MHz and 4.10 MHz from left to right respectively. The times of
measurements are presented in the panels

c
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electron gyroharmonic. It is the ®rst time that the
relation between heater-induced ion-line enhancement
and the heater frequency has been reported. This is an
interesting result which can be used to indicate if the
heater frequency is close to the electron gyroharmonic,
the same way as SEE features are employed in gyro-
heating experiments.

The enhanced ion line is associated with a similar
plasma line enhancement, both of which are a manifes-
tation of the parametric decay instability. The quench-
ing of the enhancements within seconds of heater turn
on (also known as the overshoot) has been explained in
terms of Landau self-absorption, caused by the HF-
induced electron temperature enhancement (Stubbe,
1996). The incoherent scatter spectrum becomes dis-
torted when the enhanced ion-line is present, which
makes temperature estimates unreliable in the narrow
altitude range close to the heater re¯ection height.
Although previous observation reported by Robinson
et al. (1996) indicated substantial reduction in large
scale F-region electron temperature enhancements when
heating close to the harmonics of the electron gyro
frequencies, the persistence in the ion-line enhancement
throughout the heater on periods during the experiment
reported here, has made it impossible to con®rm their
results.
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